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ABSTRACT

The development of applications with Virtual Reality technology is currently on the rise. However, there is
no formal methodology or architecture for the creation of this type of systems. However, to solve the
problem, traditional information systems methodologies, traditional information systems methodologies are
used that have been adapted to the development of this type of applications, which has caused a waste of
the resources that these technologies offer. That is why we propose the design of architecture specifically
for a 3D Virtual Environment, using an artificial intelligence technique, in this case, an Intelligent Reactive

Agent. The proposed architecture was developed from a Videogame architecture.

Keywords: Systems architecture, Intelligent agent, 3D virtual environment.

1. INTRODUCTION

Software engineering is a discipline whose purpose
is to develop computer programs that provide
automated solutions to specific needs, for which it
relies on a set of techniques, tools, methods and
processes used for the creation and maintenance of
software. Software systems.

However, currently, these methodologies have
been exceeded with new software development
needs as mentioned by Boehm (2006), indicating
that the evolution of this discipline will be
characterized by the emergence of intelligent
platforms, new types of applications, such as sensor
networks, adaptive systems, as well as
bioinformatics, among others.

Virtual Reality (VR), is a technology that allows
human-computer communication so that there is a
closer interaction, for example, the combination of
modern computer technologies with detection and
measurement technology or simulation technology

and microelectronic technology (Qing-yun Dai,
2013).

Among the definitions of RV is that of Lozano
& Calderén (2004), who affirm that the RV is
known as the computational technology whose
objective is to represent three-dimensional
environments, which are generally visual
experiences in a screen or on a stereoscopic device.
Sometimes they include auditory, sensory
sensations, among some others. Currently, the
definitions in this regard do not very much, and all
refer to the same characteristics.

Figure 1 show applications within various
knowledge areas most used in RV. Returning to the
definition of Lozano & Calderén, it can be
concluded that a virtual environment is an
application for electronic devices, which allows the
user through the implementation of VR
technologies, navigate and interact in a three-
dimensional environment, this is where observe the
applicability of the RV in the present work.
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A 3D Virtual Environment corresponds to a
desktop RV system, which is more precisely
adjusted to the specifications of the development of
this project. Since, being directed to all type of
public, it was thought of a system with RV that
does not need specific devices to live a 3D
experience.

These types of systems are the most common;
they can be found in games or advanced desktop
applications. As mentioned by Luna (2012), it
consists of presenting 3D images without the need
for individual or specific equipment for RV. In this
case, the image can be on a monitor or directly
projected on another surface.

Virtual reality

Modeling
Objects, events,

= people

reality

Design:
—- Space,products, tools,
prototypes

Simulating:
—»  Medical industrial, military,
Education

Particle Modeling:

| . Particles, physical environments,

Human characteristics,
industrial parts

Figure 1. Applications and Uses of the RV. (Adaptation
of Flowers C. Jests A., 2014)

2.DEVELOPMENT OF VIRTUAL
ENVIRONMENTS WITH ARTIFICIAL
INTELLIGENCE TECHNIQUES

Formally, this type of system is known as the
"Virtual Three-dimensional Environment (EV3D)",
which refers to the elaboration of particular objects
that will later be used within a scene. There are
different types of polygonal primitives and
geometry, which represent the information
visualized in 3D, on the other hand, the "scene" is

represented in a structure called "scene graph",
which is an acyclic directed graph of nodes that
contains the data that determine a virtual scenario
and control its shading process (Gonzalo Luzardo,
2014).

V. Juiik (2016), mentions that in an EV3D, it is
the computer that is responsible for generating
sensory impressions, which are sent to the user
through the senses. The level of immersion is
defined as the sensation of the environment, allow
to determine the quality of the impressions
generated by the computer.

When a Virtual Environment needs to evolve
based on the information it gathers from the
interaction with the real world, emphasis must be
placed on how an object and its environment can
communicate; this increases the level of interaction
that can be executed within the Virtual
Environment. The question now is to choose when
the object initiates these interactions and when by
the surrounding environment.

For the task of assigning complex behaviours to
objects and their environment as the results of their
interaction, the next generation of EV3Ds arises.
How is mentioned by Sandra Santiago (2015), in
her work "Intelligent Virtual Environment Model
Based on the Perception and Reasoning of its
Elements with a Character for the Generation of
Realism", say that these environments have as main
objective the increase of the behaviour and
interactivity of an EV3D.

It this is achieved through the incorporation of
Artificial Intelligence tools that interact with the
visual system, thus complementing each other to
achieve a new characteristic, thus leading to an
asynchronous distribution of events' It this is
achieved thanks to Artificial Intelligence techniques
implemented in the characteristics of environmental
behaviour:

1. Neural networks
2. Smart agents
3. Heuristic
4

Search Local search

! It does not have a constant time interval between each
event, specifically in a system it is the characteristic in which the
user receives a response for each data transmission that he
executes in a non-constant way (SM Connected-Blog ).
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Interaction is given by two critical aspects that
will define its complexity, such as:

1. The Dynamics of the environment

2. Navigation

The first concept is about the rules that determine
the behaviour of the components that make up the
virtual world in the interaction with the user. It
generally works by exchanging information; the
second term is the navigation, refers to the user's
ability to move within the virtual world
independently, where the programmer defines the
restrictions, to allow different degrees of freedom in
the actions of the wuser (walking, running,
swimming, flying).

Within the navigation, the user's point of view is
also taken into account, that is, the vision
positioning: first person, third person or both (Luna,
2012).

In RV applications, real-time interaction is
usually implemented, which means that the
response of the system to the user's action will be
zero, that is, the shortest possible delay. It this will
generate a response in a time imperceptible to the
human sensory system. In order to achieve the
imperceptibility of response, in the literature,
several cases where the senses receptors are
maximized to improve the experience in the human
being.

In the first case, it is intended to maintain the
sensation of continuous movement, which is
achieved by a sequence of generated images,
minimum, at 10 Hz (10 hertz or 10 times per
second), however, it is advisable to stay at 25 at 30
Hz, the optimum maximum is considered at 60 Hz
or more. (Luna, 2012)

In VR, the level of interaction about the
functionality between user-system is categorized
into three levels, which refer to the degree of
intervention that the user has in the virtual
environment (Figure 2).

3. 3D MODELING

The geometric model is an essential part of the
present work since, in this section, the visual aspect
will be defined by 3D modelling software
(Blender). A two-dimensional virtual environment
entails a straightforward process to one in three
dimensions, because for the first one there is

nothing more than to use essential design tools,
since only flat images are implemented, however,
for the creation of three dimensions, there is a
higher degree of complexity because it is necessary
to implement a tool capable of exporting reliable
geometry in a manipulable and straightforward
format on any platform.

Explorative

Contributive

Manipulative

Figure 2. Levels of interaction in user-system RV
functional relation.

Polygon modelling is the most fundamental
expression  of  three-dimensional  computer-
generated models, which are made up of vertices,
edges and faces. The amount of polygons that each
model contains is fundamental since it is directly
related to the graphic quality of the model, as well
as the kinematic behaviour of the environment.
Likewise, it has been considered the cost of
memory that the amount of polygons implies, which
is beneficial for the application because it is a
structural model, so the relationships that could
exist with other complex models in the environment
is almost nil.

It is worth mentioning, due to the development
context of the present application, that the
manipulation and treatment of the models made in
Blender, was possible thanks to three basic
operations of vector calculation. As the technique of
polygonal geometry implemented, in the virtual
environment, helps 3D models consume the
minimum in computational costs, so the processor
can quickly calculate the equations that are part of
the objects in the environment.

On the other hand, the process to apply the
texture or material implies other techniques among
which the UV Mapping technique was chosen. The
texturing comes to cover the lack of uniformity that
could be left using only materials, for example, that
does not entirely cover the desired colour, shape, or
some other detail of its final appearance. UV
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mapping is a technique used to map "image"
textures on three-dimensional models. The textures
used were arranged using Photoshop to create
concordant patterns in the mapping. This technique
constitutes an excellent way to texture a model
because it fits perfectly to the image. See Figure 3.

Figure 3. Texturing Process with UV Mapping in
Blender.

It this is achieved because the mapping manages
to assign an image for each polygon allows to make
up the model since each vertex of the polygon
represents a pair of 2D coordinates that defines
which part of the image is mapped.

Precisely, these coordinates are known as UV's,
which are comparable to the XYZ coordinates in
the 3D plane.

4. INTELLIGENT AGENTS

In recent decades there is a need to create
intelligent systems that allow users to develop
specific statistics based on development processes
and especially considering the time factor. In the
use of these systems that are capable of keeping
statistics and being more autonomous, the term
Agent is born.

A large number of definitions of the concept of an
agent can be found in the literature, without any of
them being entirely accepted by the scientific
community, perhaps Russell's [38], which considers
an agent as an entity that perceives and acts on an
environment
1. Agent: A computer system (HW and SW)
that has the following properties.
Autonomy: It can operate without human
intervention and has some control over its
actions and state. Internal.
2. Social ability: Interact with other agents
via languages.

3. Reactivity: They  perceive  their
environment and respond promptly to
changes.

4. Pro-activity: Capable of exhibiting
behaviour directed towards goals, showing
initiative.

There are different types of agents; one of that
classification are intelligent agents, intelligent
agents are defined in terms of a defined three-
dimensional space (Figure 4) [37], Agency,
Intelligence and Mobility.

Agency

Services

Applications =

Data
Users

Asynchronous | R
Planification

L]

Intelligence
Static

Seript

Object
Mobility

Preferenge Learning

Logic

Figure 4. Scope of intelligent agents [37]

Agency: is the degree of autonomy and authority
established in the agent, and can be measured
qualitatively, by the nature of the interaction
between the agent and other entities.

Intelligence: is the degree of reasoning and
behaviour learned: the agent's ability to accept
statements of the user's goals and carry out
entrusted tasks.

Mobility: Some systems learn and adapt to their
environment, both in terms of user objectives, in
which the agents themselves travel through the
network.

S. INTELLIGENT VIRTUAL AGENTS

Intelligent Virtual Agents (3DIVA) is a particular
case of EVI3D. These consist of Intelligent Agents
(Al) that unfold within an EV3D. They are often
known as Autonomous Virtual Agents (AVA). An
Intelligent Agent is defined as a software entity
that, based on its knowledge of the environment,
performs a series of operations aimed at achieving a
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goal either on its initiative or because given a
situation it is required [38].

Smart agents can be considered as individual
entities within a program, in our case, an EV3D,
who have control over their life and movements
within it. They can carry out processes
continuously that help them know what and how to
do their tasks. Besides, they can communicate with
other agents inside or outside their environment,
which helps them to achieve their goal more
efficiently [39].

According to the point of view of artificial
intelligence, an intelligent agent must have the
following  properties:  temporal  continuity,
autonomy, sociability, reaction capacity, pro-
activity, own initiative, mobility, truthfulness,
generosity and rationality [39], [40 ], [41].

3DIVA have characteristics of virtual environments
and intelligent agents:

1. They live within a simulated 3D execution
environment.

2. They have a 3D graphic representation
within the world they inhabit, and they can
perceive, adapt and react to their
environment (this depends on the level of
immersion of the application).

3. They can express their behaviours
graphically as a living being would.

4. Although they only exist and work in a
specific environment, they are aware of
the changes that occur around them and
can respond to them autonomously.

It is common to confuse the concept of AVA with
that of Avatar. An Avatar is the graphic
representation of a person or element that exists in
real life; its behaviour is explicitly controlled by an
external user, through control commands;
Therefore, it is not autonomous.

The incorporation of Al into EV3D is an extended
field of research, such as the analysis of the
behaviour of intelligent agents and their credibility
in virtual environments, creation of synthetic
agents, virtual actors, virtual humans, among
others.

All this represents the convergence that has been
generated between Artificial Intelligence (Al) and
the EV3D. The insertion of AI techniques
interacting with the system of graphic systems
supporting EV3D provides: [33].

e
4593

Optimizes interactivity. This type of
environment requires a high level of
interaction and helps the user, so it is
necessary to resort to "intelligent
assistance", which will seek new
interaction capabilities for objects within
the environment and the user (s). It also
adds a fundamental factor, to achieve a
complex interaction, which is the
recognition of the actions executed by the
user, in this way the EV3D can adapt to its
behaviour based on those actions.

A new alternative in the representation
of knowledge. Currently, the drawing and
representation of virtual environments in a
computer, has changed significantly, with
the emergence of new and powerful tools,
in addition to this, also evolved in its
structure because now the model based on
scene graphs allows greater control in the
EV development. Moreover, with the
current demand to integrate intelligent
characters into the environment, which
implies the maintenance of the symbolic
representation (environment), in which the
agent (s) or character (s) can provide
feedback on their knowledge. In the
characters within an environment, the
information handled by the simulation
agents covers different levels of
representation. The basic level will collect
geometric  information  about  the
environment (sizes, positions, directions,
colours, property that are visible from 3D
objects and actors). Meanwhile, the
symbolic representation of the
environment will allow the characters and
agents to solve more optimally the
inconveniences that might arise in the
EV3D. This type of representation will
help in programming solutions to many
constraints in terms of interactivity with
the user.

Another option to perform physical
simulation. In general, the dynamic
behaviours attached to objects and
characters are described based on some
physical model, capable of testing its
control in real-time. Although, on the other
hand, the causality of the actions produced
in this type of environment, suggests the
revision of symbolic behaviour modelling,
which are capable of controlling this
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behavioural variability in different
situations. In this way, state machines, rule
systems, factual bases, and other reactive
characteristics, can be included to control
the levels of freedom of different
environmental mechanisms, for example,
windows, doors, furniture, lights, stairs.

Properly there is no accepted general definition.
Since many researchers tend to agree that agents are
software entities with autonomy, but in the
characteristics and properties, each has its criteria
as to which are the most essential. However, for
terms of the existing project, Smith's (1994)
definition is the most accurate because it indicates
that an agent is a persistent software entity, focused
on a specific purpose.

Systems with this property are distinguished from
other types of multifunctional applications mainly
by their structure, since agents such as persistent
software entities are programmed to meet specific
objectives, and in turn, can interact with each other.

When implementing an architecture "intelligent
agents", according to Thanos G. (2014), a set of
available primitives must be present, because these
will control the environment. Likewise, using their
number and complexity, they will define the scope
of the agent. If an avatar was used for the user, and
he could gesture, there would be no need to add or
detect emotions. See Figure 5.

sensors
perception

Agent Enviroment

processing information

actions
actuators

Figure. 5 Structure of an Intelligent Agent.

However, in this particular case, was not used
any avatar, but merely the agent himself immersed
in the representation of the user.

6. INTELLIGENT AGENT REAGENT

The reagents are subdivided into several categories
according to the behavioural approach; a pure
reagent acts depending on perceptions that are
taking their environment, without considering the
above.

This type of action may not be so useful since many
virtual environments require to keep a history to
optimize their decisions (e.g. a chess game).

In Figure 6, shows the operating components of a
simple reactive agent, is, by definition, able to
perceive their environment and react to the changes
that occur in it. The decision-making system is
usually the one that determines the handling of the
variability of situations in the simulated world,
detecting changes that alter the behaviour in the
simulated world, and discarding the irrelevant data.

Remember that the agents represent the
autonomous entities of the system. These agents
can manage objects that are not represented within
the EV, that is, they will be able to manage
accounts linked to the user, databases, or any other
element that has no virtual representation.

Sensors
perception
Agent Enviroment
information
of
Rules QOutside
+ information
I—’ Actions
actuators
actions

actuators

Figure 6. Diagram of a Reactive Agent.

7. DEVELOPMENT METHODOLOGY

In the present project, given the development
requirements, the Prototype Oriented Methodology
will be used (see figure 7). Which, will allow to see
the overall results in the short term, and thus
continue with the development of a specific method
to generate the interactivity within the EV.
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Figure 7. Methodology oriented to prototypes.

Phase A: The stages that make up this
phase are requirements and specifications, design
and construction, evaluation and modification,
which are oriented to the polygonal and visual
development of the virtual environment. At the end
of this phase, it can be evaluated as a prototype,
since it represents the interface that the user will
handle.

Phase B: This second stage forms the
implementation of the geometry in the environment,
aspects of interaction with the user implementing
VR technologies, and analyzing the last details of
the interface in the integration of all the stages for
its later execution.

The main problem that is addressed is the
low interest and assistance rate, which has provided
different surveys at the national and local level
(specifical data from a survey conducted in Mexico
City). Mexico City was chosen as a study site
because it is one of the busiest cities in the country
and where many cultural buildings are located
where  different  workshops, courses and
certifications are taught in related subjects.

Among these cultural properties has been chosen
CENART (National Center for the Arts), for being
one of the spaces that together, in turn, research
centres and educational art and cultural institutions
of high relevance, it is because it is relevant for this
paper (Cultural, 2016).

8. THE ARCHITECTURE OF THE 3D
VIRTUAL ENVIRONMENT WITH AN
INTELLIGENT AGENT

As mentioned above, the main objective of this
architecture is to divide the operation of the system
into entities and modules that can be developed in
the long term with new interventions and adjust
new one's processes.

The functionality of the Smart Virtual
Environment based on a reactive agent (in the
subsequent "CNA RV System"), is developed
mainly by the following modules:

1. Communication
2.  Module Graphic
3. Module Motion
4. Module Behavior Module

Our proposed schema is shown in Figure 8.

Intelligent agent Environments items

Behaviour Geometrical | Graphic
1 model mode
move !

goals simulation

Representation

beliefs | properties interaction
Public t
actions evanis
L Y L
Gul Reactive agent comunication

Entities of the specific system

User

Figure 8 General Structure of the System.

The data provided by the user interaction in the
3D environment will be stored in arrangements that
will be the primary knowledge, with which the
system is fed back and adjusted, through the agent.

1. Communication Module: this module works
to implement an interface between the
subsystems (geometric model and reactive
agent) and the rest of the application. This
communication is generated thanks to a logical
vision of the world, that is, a representation of
the state (reactive agent) of the virtual
environment. Their same situation happens

4595



Journal of Theoretical and Applied Information Technology
15" September 2019. Vol.97. No 17

B

© 2005 — ongoing JATIT & LLS ‘

" s ——
SMiil

ISSN: 1992-8645

www jatit.org

E-ISSN: 1817-3195

when the behaviour of the members of the
environment is defined. In the communication
at this level, do not contemplate details such as
animations and collisions of the objects in the
environment, but have a focus on the relevant
actions for the module that concerns the
behaviour of the agent.

2. Graphics Model: The graphics engine is
responsible  for the "three-dimensional
drawing". Also, it is responsible for the
creation of the window, using the calls to the
underlying  operating system. All the
information generated in the 3D model was
exported to the graphics engine used in the
present work, which is Unity. Unity is a
multiplatform video game engine created by
Unity Technologies., Through a file ". Fbx",
which is the one that has more excellent
compatibility with the software and which has
been proven to keep more completely by its
hierarchy, the information created from the
model The hierarchy process works through
different levels that contain objects with their
parameters; this division of levels is done so
that there are only a few objects per level for
more control. The following figure illustrates,
in a general way, the levels of hierarchy in a
computational application with 3D modelling
at the graphics level.

3. Movement Model: This module is directly
linked to the development of physics within the
environment. However, it feeds on all the
behaviour of the system in general. It is based
on the definition of the characteristics of real
events, in order to determine movements of an
object or animations within the environment. In
this module converges the kinematics of
physics within the environment and the specific
programmed movements. That is, in this
section, specific characteristics of the
movements are handled; for example, the
movement of an avatar before a specific
stimulus.

4. Behaviour Module: This is where the
behaviour model that describes the behaviour
of the system in general terms is designed,
which converges perfectly with the movement
module  complementing the  necessary

information for the intelligent agent algorithm.
This level focuses on the semantic system
where all the elements that make up the
application must be defined, and if required, it
must assign its characteristics, classify them
and define them in a universal context based on
the development engine. In other words, it is
the connection that makes it possible for an
element of the EV to change its surrounding
behaviour to notice this movement. The greater
focus is on the reactions of the system to the
decisions of the user, for this reason, the
machine model of states will be handled,
through the intelligent agent who will be in
charge of managing environmental behaviour.

9. TESTS AND RESULTS

The results obtained through the "Usability Test"
(Pereira, 2002) that is focused on the evaluation of
the system based on the defined metrics (interface,
virtual reality, user). The following table shows the
evaluation data issued by the participants of the
present usability test, from various reagents
specified to corroborate the correct functioning of a
system with RV.

Four tables are presented indicating the levels of
schooling contemplated that shows a correlation
with different pronounced profiles. These methods,
in any of their categories, are applicable in the
development of software in RV, given to what is
stipulated in ISO 9241-11.

The rating system is represented by a line with
values corresponding to a reactive valuation within
a scale of 1-10, in which the participant chooses
subjectively (personal perception) the value that
more accurately represents his experience with the
system.
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Table 1 Results of the evaluation obtained of the
application of our instrument using usability Test.

‘General Results Validation Test

Trpe Aspect o evaluate Qualifications assigned to the CNA RV System E“e"::: i::;‘;‘:
. Frim Sec Bach Tl N
Structuse of | Suctural ergamization | 975 950 330 200 Y 5]
the Structural dens 723 823 435 830 718 219
application | Structure consistency | 925 975 175 875 537 05
Average per evalusted sspect 591 %15 7.00 873 541 .72
TNavigability 575 900 725 875 543 0481
Int Inferactivity 200 830 230 2.00 200 012
ot | Accesbilty 900 900 875 915 500 vo3l
A:’Fer:m“ Indication syster 2.00 875 8.00 2.00 d 0.16¢
& System performance. 915 500 200 9.00 140 1970
System Reliability 600 675 535 475 581 0510
Operation consi 900 875 835 900 875 009
“Average per svalusted sspect 537 753 8.07 539 772 033
- ] Help system 950 900 525 900 503 0190
oty | Infomation | poback 925 875 200 925 506 004!
Search for 550 873 875 975 £93 0231
Average per evaluated sspect 908 553 566 95 597 0.06:
Taty Fresentation of e
RV | Appearance 9100 900 750 925 868 0481
Average per evaluated aspect 2.00 2.00 7.50 925 5.68 0481
Tofiftion and | Navigation provedwe | 925 &30 735 825 543 029
RV | ommersen | perive fecling 200 825 500 950 868 035¢
Average per svalusted sspect 512 537 787 587 555 023
Organization 930 500 530 935 531 035
Densi 730 673 723 7350 725 008
Int Content
Reliability 535 850 5.00 950 536 032
i 850 .50 833 973 a1 026t
Average per evaluated aspect 543 818 812 900 5.43 0121
e | Ceuel | Subjeive
124Y | cpinion ofthe | quelificaionaf e 830 975 250 250 231 0230
APP | perticipant
Total and Global averages 871 561 5.03 583 5.54 1381
Best qualified reagent Worst.qualified reagent Reagent with reverse evaluation

It is essential to mention that the methods used
Questionnaire and Test, belong to different
evaluation systems within the Usability, although
they may seem the same, the information collected
by both formats has different approaches. Pd. d.

Lilliam Perurena Cancio, (2013).

The present information allows recognizing
essential points within the validation test, using

accurate conclusions, such as:

The evaluated aspect that generated the highest
average was the one corresponding to information
for the user. Which is essential, since the agent was
implemented to provide the user with the necessary

information to meet the objective.

The most valued reagents: structure organization,
interactivity, feedback, content presentation,
immersive feeling, understanding. They fit perfectly
to the ideals of the development of the application,

based on the objectives set. However,

the

percentage obtained on average is far from optimal.

The least valued reagents are the next:
1. Structure consistency
2. System performance
3. Information search
4. Navigation procedure
5. Reliability

These poorly valued items are the points that
need improvement and also imply a significant

relapse in the evaluation.

Likewise, it can be rescued, thanks to the
standard deviation, that is a percentage of 71.4% of
the aspects evaluated, there is a tendency towards a
positive evaluation.

- MAX
10
o - GLOBAL
ps e MIN
4 N~
2

A/IB|ICIDIE|F|IGIH|I|J|IK|LIM|N|C|P/IQ|R|S|T|U

A= STRUCTURAL ORGANIZATION L=HELP

B= STRUCTURAL DENSITY M=FEED

C= STRUCTURAL CONSISNTENCY N=SEARCH

E= NEGATIVY O=CONTENT

F=INTERACTIVITY P=BROWSING

G=ACCESIBILITY Q=INMERSION

H=ALERT SYSTEM R=0RGANIZATION

I=PERFORMANCE S=DENSITY

J=FIABILITY T=FIABILITY

K=0OPERATION U=0BJECTIVITY

Figure 9. Test by item.

10. CONCLUSIONS

It is possible to can assert that the effectiveness,
satisfaction and effectiveness of the system can be
measured about the overall percentage acquired,
based on the comparison of the averages generated
by each level of schooling involved in the test,
calculated and defined by the percentage of 85%,
on a scale of 1 to 100.

In this way, the use of a reactive intelligent agent
leaves the right conditions for the incorporation of
agents with specific tasks within the system (e.g.
interface agent and pedagogical agents)) since it
was possible to verify an improvement in the
optimization of processes in the interactive features
within the 3D environment.
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