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Abstract—Incorporating intelligence and social behaviours into
virtual worlds for learning is becoming more desirable in
making them smart, adaptive, personalized, and therefore,
more effective and engaging. Realistic non-player controlled
characters (NPCs) are essential of a game world and are
making the virtual world more real for players. This is true in
video games where more interactive NPCs support the story
narrative of a game, making the game more immersive, more
convincing, but it is also true in other areas where virtual
worlds are used such as business and education, increasing the
effectiveness of those environments. Research that has been
done with virtual agents and multi-agent systems can be
leveraged to create more realistic NPCs through purposeful

communication channels, inter-agent interactions and
environment-agent interactions for game-based learning
applications. This research proposes an approach to

controlling avatars with intelligent agents through the creation
of an interface between a multi-agent system to a virtual world
engine. Basic NPC behaviours controlled by agents using Jason
AgentSpeak are used to test the feasibility of the approach. A
QuizMASter is designed and illustrated as a proof of concept
of the use of such agent controlled avatars in educational
context.

Keywords- virtual learning environments; multi-agent
systems, virtual world, non-player characters, social behavior,
intelligent agent, social bots.

L

Research supports the effectiveness of game-based
learning in 3D virtual environments that could make us
quickly see and understand the connection between the
learning experience and our real-life work. Within a virtual
world, students work toward a goal, choosing actions and
experiencing the consequences of those actions along the
way. This keeps students get engaged and be motivated.

There have been relatively mature technologies for
modeling virtual humans in virtual worlds in their
appearance, gestures, kinematics, and physical properties.
The challenges faced in virtual worlds research and
development are to emulate or simulate the way human
beings act in their environment, interact with one another,
cooperatively solve problems or act on behalf of others,
solve more and higher-level, more complex problems by
distributing tasks or enhance their problem solving
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performances by competition. Finding ways to solve the
challenges is even more important for researchers and
developers of game worlds. If a Non-Player Character (NPC)
does not act in a believable way it detracts from the realism
of the player's game experience. In the gaming industry,
Artificial Intelligence (AI) techniques have been used to
drive NPC behaviour [2]. However, this is usually done in a
prescriptive manner that limits the freedom of an NPC. This
leads to predictable NPC behaviours, which decreases their
credibility.

Multi-agent systems (MAS) have been adopted by
researchers in virtual worlds community. A multi-agent
system is well suited to application domains where virtual
entities, called agents, are self-directed and can actively
pursue their goals within an environment that they can
interact with, including interactions with other agents that are
also in pursuit of their own goals. Agents are ideally suited
for modeling real people — they are active and social, similar
to the way people are. Agents can be used for modelling the
NPCs, keeping track of individual interests, motivations, and
goals in game worlds. Although researchers have developed
vary human like NPCs in the existing virtual worlds and
game engines, such as Open Wonderland [11], Second Life
[17], Open Simulator [15], Unreal [19] and gamebot [10], no
gaming engine currently has multi-agent system framework
built in to manage and to control NPCs.

The main idea of this research is using an autonomous
agent to control an NPC just like a human user controlling
his or her avatar in the virtual world. That is, behind an NPC
is an agent. Or we can say an NPC is an agent's avatar. All
avatars, including player's avatars and agent's NPCs, live in
the virtual worlds, while the agents live in the multi-agent
system. The integration of multi-agent systems and virtual
worlds provides a possible solution to the challenge and
opens a number of extremely interesting and potentially
useful research avenues concerning game-based learning
through inter-agent negotiation, persuasion, and competition.

To realize the benefits of using a multi-agent system
framework such as JADE and Jason in a gaming engine,
there are two approaches: 1) developing a completely new
gaming engine in which a multi-agent system framework
could be natively built-in, or 2) designing an integrative
framework which could connect a multi-agent system and an
existing gaming engine, so that the gaming engine could
benefit from NPC management handled by the multi-agent
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system. The first approach does not allow for the direct
leveraging of existing open source technologies and the
amount of work would be prohibitive when it comes to a
research project. The second approach is more viable, but
offers challenges when it comes to state synchronization
across what are effectively two separate systems.

This paper describes the design and development of a
platform which is capable of hosting agent-controlled avatars
through constructing an interface between a multi-agent
system and a 3D virtual world.

II. RELATED WORK

Research has been done over the last decade when it
comes to creating agent control mechanisms for 3D virtual
environments. The first project of note is Gamebots [10],
which was a client-side approach to controlling Unreal
Tournament [19], an engine used for first-person shooter
games. Gamebots was developed by the University of
Southern California's Information Sciences Institute, and
jointly developed by Carnegie Mellon University; their goal
was to foster a domain for Al research in multi-agent
systems. They picked the Unreal engine because it supported
multiple simultaneous tasks, had a scripting language that
could be used to extend scenarios, supported multiple
dynamic environments, and provided an environment where
player character and non-player characters could interact
[10].

All of these things together meant that the environment
could be used in different scenarios, giving a great deal of
freedom to Al researchers. Unreal is a commercial engine,
but its licensing is open enough that it allowed for it to be
used in this manner. Since Unreal is a commercial engine,
the source code for it is not available, and the creation of
scripts using Unreal's scripting language and configuration of
virtual worlds are the only things under a programmer's
control. The fact that it is a commercial engine was not
entirely a negative though as the engine was and is a popular
one; a great deal of money had been invested in it to ensure
its quality, and it had been used in the field, “stress tested by
thousands of people everyday” [10].

Gamebots has also been used as a platform for training
NPCs to be more realistic by interacting with real players
and building up a model of user behavior. Dinerstein and
Egbert (2005) developed a custom multi-agent system with
beliefs, desires, and intentions underpinnings, using a layered
cognitive model [3]. They noted that their system was fast
but also that a notable amount of CPU was required when
using knowledge to make decisions on NPC actions. This is
always a consideration when working with a multi-agent
system in a real-time scenario. Agents must be able to work
through their evaluation routines quickly to come up with a
plan of action. Since the server was not open-source and they
could not get the level of detail they needed in terms of how
the server was responding to player interactions with the
environment, they had to use a simple environment for
running their simulations.

Pogamut [7] is another agent implementation, written in
Java, which works with Gamebots. It is a toolkit that
included things as emotional modeling, adding support for

avatar gestures, and a framework geared towards further Al
research as well as working with educational scenarios.
Gemrot and colleagues (2009) spent some time discussing
the merits of different gaming engines; they went with the
Unreal engine because of the strength of the existing
community, among other factors. Controlling more than ten
agents at the same time proved difficult; they do not say
what hardware they were using, but the hardware can be
expected to be reasonably current. They noted that multi-
agent system frameworks like JADE are not used as NPC
controllers in games, and speculated it was because a lot of
work would need to be redone that already exists in
Gamebots. They also thought there might be a downside in
communication rates when using a multi-agent system due to
increased overhead in messaging with FIPA [6]. Gamebots
and Unreal Tournament have a messaging system that is
built for fast communications. It could be argued that it is
possible to create a messaging system using a multi-agent
system that is equally succinct.

Virtual Singapura is a fantasy world, takes the learners to
nineteen-century Singapore in the throes of disease epidemic
[14]. The project is one of the first to integrate an intelligent
agent architecture with a virtual world to explore ways in
which adaptive synthetic characters might enhance the
learner's experience in a virtual world and perhaps to
enhance learning as well.

Lim and colleagues (2012) integrated a FAtIMA [5]
architecture and a drives-based PSI model in an attempt to
create more believable NPCs [13]. FAtiMA is based on a
belief, desire, and intentions (BDI) model with an emotional
element added to it. PSI is a psychological model that
attempts to model the human mind looking at from the
perspective of fundamental needs and motivations; those
things that regulate human action, including “perception,
motivation, cognition, memory, learning and emotions” [13].
They created an educational role playing game called
ORIENT with the resulting framework. The game did have a
visual component, but it was not the focus of the work. This
work shows that it is possible to use enhanced BDI agents to
create credible characters in a game.

Silverman and colleagues’ explored human-behavior
models with a focus on the social aspect of human
interactions with a goal of creating rich scenarios with
multiple characters, resulting in a game world called NonKin
Village [18]. The focus of the work was on the models that
could be used to drive agent behavior; agents could explain
their dilemmas and motivations in terms of psychology,
sociology, politics, economics, as well as along family,
ethnic, personal, commercial, or religious lines. As a
secondary goal they did work on 3D viewers for the game.
This project is not open-source so the code is not available to
work with, but again, it shows that a multi-agent system can
be used to create credible characters and scenarios in a game.

Second Life [17] is a very popular commercial (closed-
system) 3D virtual world so there could be value in
developing technologies that work with it. In Guerra’s work
[8], OpenSimulator (more commonly known as OpenSim)
[15] was used in a framework that controls agents in a virtual
world. OpenSim is an open-source .Net-based technology,
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which means it is limited to the Windows OS (or Mono
implementations which can introduce its own challenges). It
supports the core of the Second Life protocol [15]; Since
OpenSim uses C# as a programming language, it would be
more difficult to integrate with Java-based multi-agent
systems like JADE and Jason.

Blair and Lin (2011) create an interface between virtual
world — Open Wonderland — and a JADE multi-agent system
[1]. They use Open Wonderland's extensible modules to
create the hub for the communications happened in-between
the two systems. In this research, a similar architecture
which is even more tightly integrated to make better use of
features within Open Wonderland is designed. Leung and
colleagues (2011) use CArtAgO multi-agent system to
control Open Wonderland and manipulate avatars in the
environment [12]. In their system, avatars are controlled
through the Open Wonderland client GUI, meaning that it is
restricted to running in operating systems with a graphical
layer like Windows. In the approach proposed in this paper
the virtual world and the multi-agent system are integrated
through the headless (without a GUI) client session and to
run without any dependency on a graphical layer.

III.

This research is about the creation of a robust and viable
framework that interfaces a multi-agent system to a 3D
virtual world. The following technologies have been selected
to meet the functional and non-functional requirements.
They are all open-source, and Java-based, which should
make an integration effort more straightforward. For a virtual
world engine, Open Wonderland [11] has been used. For a
multi-agent system the combination of JADE and Jason has
been wused, leveraging the strengths of both where
appropriate.

We use Open Wonderland as the virtual world. In
selecting Open Wonderland over something like Gamebots
which has a great deal of research done with it, it is
important to look at the pros and cons. Gamebots is
established and has a well-realized game engine that is
graphically rich. Frameworks like Pogamut have been built
on top of it, giving researchers the ability to focus on agents
rather than concerning themselves with lower-level concerns.
Gamebots works with the Unreal game engine, which has a
rich scripting language. Therefore game worlds are highly
configurable. Unreal is focused on a first-person shooter
style of game play, but there are ways to use the environment
for other purposes.

Open Wonderland offers an environment that is also
graphically rich but which has not been used to the same
degree as a commercial engine like Unreal. The environment
is not focused on a particular style of game play and will not
have the same level of built in components that the Unreal
engine provides when it comes to building a commercial
game. Open Wonderland is modular and the potential is
there to add any modules that might be required. There are
already modules related to business-use cases such as
whiteboards, playing videos, sharing desktops, none of
which exist in Unreal. Open Wonderland might not offer as
much as commercial product like Unreal, but it is open
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source, written in Java, and is fully supported by a
development community.

Considering how much has been done with Gamebots,
the research team thinks there is just as much potential, if not
more, for a fully open-source solution incorporating a 3D
virtual environment and a multi-agent system. If it is done
correctly, an integrative framework could be embraced by
the research community and spark further work in the area.
The goal is to create something functional that can be used
for an educational game, but also something that is well put
together and well documented so it can be shared with the
Open Wonderland community as an Open Wonderland
module.

Jason [9] is a platform for the development of Java-based
open-source multi-agent systems, is used for creating agents
that are based on the model of belief, desires, intentions
(BDI), and is a Java-based interpreter for an extended
version of AgentSpeak. The core code is easily extendible
making it easy to add customizations at the agent and
environment level. AgentSpeak, a Prolog derivative that is
well suited to programming in Al, is a language used to
control agents. AgentSpeak is the language that this research
uses as agent scripts run to control NPCs in an Open
Wonderland virtual world. The research team chose
AgentSpeak because it is in more declarative style and offers
a different way to script NPC behaviors than the functional
methods like JavaScript which is already available in Open
Wonderland.

Java Agent DEvelopment Framework (JADE) [16]
provides a communications framework for FIPA-compliant
agents, building a recognized standard for inter-agent
communications into the proposed integrated framework.
JADE is capable of running Java-based agents from other
multi-agent systems such as Jason and JADEX. It provides a
way of organizing agents into containers (main or
secondary), and includes an agent management system and
directory facilitator to facilitate the management of agents.
JADE has been chosen because it can run Jason/AgentSpeak
agents and offers an easy way to manage agents through its
agent management system.

Fig. 1 shows the system overview of the proposed virtual
world-multi-agent system interface. This diagram shows the
modular nature of the integration and how the project code is
localized in the MAS-JADE module. The Open Wonderland
Server Connection Agent (run by JADE) has access to and is
running the client-side aspects of the MAS-JADE module,
along with all the other Open Wonderland code that typically
runs on a client.
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Figure 1. The proposed architecture.
IV. IMPLEMENTATION

An agent-controlled avatar can be added to the virtual
world by its administrator. The administrator can insert an
NPC object into Open Wonderland as Fig. 2 shows. The
agent then controls the avatar inserted via the JADE-
Controller that is usually invisible for users but now is set to
see-able for readers on purpose. The administrator can also
load any AgentSpeak script for the agent so the agent can
manipulate its avatar to act and to respond appropriately. We
have built a list of AgentSpeak scripts. These scripts are
categorized into five libraries: NPCs, proximity, text chat,
memory, and presence. More AgentSpeak scripts and
libraries can be created, modified, and stored into the system
easily. When the administrator right clicks on an avatar in
the virtual world and selects “AgentSpeak Script”, a Script
Editor Panel pops up. The panel has buttons to “Open” or
“Save” a script. The administrator can then select a file to
open as Fig. 3 shows and load it into the editor panel. The
administrator can edit the script and even activate the agent
manually from this panel. Before an agent is able to come to
“live” in Wonderland, the script has to be saved back to the
content repository on the virtual world — Open Wonderland
server so that the latest version is accessible to the multi-
agent system — JADE server.

[grant]

JADE-Gontroller

Figure 2. Add an agent controlled avatar into a virtual world and attach an
AgentScript script to an agent behind the avatar.
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Figure 3. Some pre-built AgentSpeak scripts.

In order for an agent to know what is happening within
the virtual world, it needs to be able to perceive any in-world
object, including regular objects, user avatars, and other
agent-controlled avatars. This information could be absolute
positions or relative positions in the virtual world. Either can
be used to determine proximity.

The agent model is based on inputs (percepts) and
outputs (actions). The primary action an agent is capable of
doing in the virtual world is moving its avatar around in the
environment. The agent should be able to direct its avatar to:
(1) move towards an object; (2) move towards a place mark;
(3) move in a direction (Left, Right, Forwards, Backwards);
(4) turn to face an object; (5) turn to face a place mark; and,
(6) turn to a certain orientation.

Percepts are needed in the area of communication.
Wonderland has a text chat module, which is installed by
default. It would be useful if that module were accessible to
the agent, so that it could monitor what users are “saying” in
the environment. For this to be useful, it will need the
support of Natural Language Processing (NLP). In terms of
actions, the agent should be able write to the chat module
(both public and private chats). It would also be useful to
provide a secondary interface for communication input, one
that does not necessitate the use of NLP. With this in mind, it
was envisioned that a control would be made available
whereby the agent could offer a list of choices and a user
could select one from the list; that choice would be made
available to the agent in the form of a percept. There is an
existing Open Wonderland module that presents “speech” in
a speech bubble over an avatar’s head. That could be utilized
as another means of communicating to users.

An agent also needs to be able to remember things, short-
term and long-term. Some of that can be stored in memory in
the agent's beliefs (from the BDI model), but there should be
a means of saving and retrieving memories so that not
everything needs to be stored in the belief base, and so that if
there server needs to be restarted for any reason (planned or
otherwise) that information is all still available.

V.

The proposed architecture and prototype system can be
the foundation of the educational game, QuizMASter [4].

THE PROTOTYPE AND AN APPLICATION EXAMPLE



The QuizMASter is a kind of assessment game and it can be
applied in any course context at any level from elementary

school to post-secondary education, e.g., English and Physics.

The QuizMASter can be controlled by a BDI agent whose
belief is the answers of quizzes and its desire may include
the expectation of seeing students focus on the questions as
well as answer a question within a preset time limit. In order
to assess students fairly, the agent may remind the students
to focus on the game and explain the answers to the student
at the end of each round through the QuizMASter. This
research will be key, as it will be used by agents controlling
avatars as well as agents controlling other aspects of the
game, such as score keeping and learner modeling. To
ascertain what is technically feasible when it comes to
creating agent controlled avatars in a 3D virtual world like
Open Wonderland. The following works for the proof of
concepts have been done by the research team:

As an initial step, we integrated Open Wonderland and
JADE through the starting of a JADE server separate from
Open Wonderland [1]. The interface is a modified Open
Wonderland module to which code has been added to start a
JADE agent. The JADE agent is started via a runtime call
and the group of agents that make up the MAS can be on
different computers. The agents started by the Open
Wonderland module will communicate with the rest of the
JADE agents using the FIPA specified protocol.

The results of our previous work showed the possibilities
and challenges that arise when the systems aren't coupled
enough [1]. These challenges informed our decision to keep
things simple and integrate everything right into Open
Wonderland. The second step is adding a Jason module to
Open Wonderland server that takes an avatar and controls its
movement in the environment. Jason' is an interpreter for an
extended version of AgentSpeak and a platform for the
development of multi-agent systems.

The agent runs on the Open Wonderland server and pulls
an AgentSpeak script from the content repository in the
Open Wonderland server, sets up its belief system and goals,
and then starts to control its avatar. As yet it doesn't get any
perceptual information from the environment, but is able to
guide its direction. It will be easy to extend this to have the
agent makes any available move that an avatar can do within
Open Wonderland. The JADE and Open Wonderland are
more tightly coupled than what had originally been planned
so that development, deployment, and management of
QuizMASter are easier.

The third step is to use CArtAgO (Common ARTifact
infrastructure for AGents Open environments) framework.
CArtAgO is a general purpose framework that makes it
possible to program and execute virtual environments for
multi-agent systems [12]. CArtAgO is based on the Agents
& Artifacts (A&A) meta-model for modeling and designing
multi-agent systems. Since these artifacts can be modeled in
Java, the core components of the Wonderland such as avatars
have been wrapped as artifacts in order for the Jason agents
to manipulate, manage, and communicate with them. A
MaryTTS server is also added to the system to realize speech

]http://jason.sourceforge.net/] ason/Jason.html
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synthesis function. One of the main advantages of leveraging
the capabilities of Jason-CArtAgO multi-agent system is that
it enables customization of the rendering of visible artifacts
for different clients [12]. Another advantage is that it bridges
the gap between multi-agent system design and
implementation.

Here is an example of how the proposed architecture and
solution being used in educational context. When a learner
signs into the virtual world — Open Wonderland, he or she
can see a greeter as the greeter can “sense” the learner's
presence with the Proximity Detection AgentSpeak script as
Fig. 4 shows. When the messages are received on the
Proximity channel, proximity beliefs are automatically added
to the agent’s belief base by the framework, including the
name of the user that triggered the proximity message
(FromUser), and the message type (Enter) indicating whether
the user is entering or exiting the proximity space, and the
distance (Distance). In the sample code shown in Fig. 4, the
(@msgHandler processes those beliefs as they are added,
printing a message to the system log and then making a
text _chat_send_message call to echo the message back from
the “Proximity Agent”.

The greeter, therefore, decides to say hello to the learner
by approaching him or her. There are three avatars showing
up in the world. The top right screenshot is given for giving
readers the view that another player sees. The greeter also
asks which classroom the learner may want to go so it can
show him or her the way. When the learner tells it that he or
she wants to go to Physics classroom as Fig. 5 shows, the
greeter asks the learner to follow it. While walking the
learner to the designated place, the greeter also keeps its
“eyes” on the learner. When it is aware of the learner doesn't
follow it, it will come back to the learner and ask him or her
to follow it as Fig. 6 shows.

When the learner arrives at the Physics classroom,
another agent — QuizMASter — is waiting for him or her.
QuizMASter is a competitive educational game [4][20].
Several learners can play together and the QuizMASter will
ask questions for them. At the end of the game, the learner
who receives highest score wins as Fig. 7 shows. It can be
told that the learner Lin receives highest score so far. The
QuizMASter agent is also capable of detecting the distraction
that a learner is by “seeing” his or her avatar not pays
attention on itself but is looking around while it asks
questions.

VL

Many of the project goals were achieved in this
implementation and a number of them were not. The
integration effort proved to be more difficult than initially
thought. Open Wonderland is a complex system. Event
processes are all transactional so it is a challenge to closely
couple a multi-agent system with Open Wonderland. Three
different approaches were tried with limited success before a
workable architecture was arrived at (see Section 5 for
details).

Open Wonderland is alpha software and the existing
default avatar module has issues. The avatar module was
used as a foundation for the project, with the assumption that
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it would work without alteration. The alpha version of Open
Wonderland does not just cause stabilization concerns with
the avatar module, but it also causes stability issues in the
core code. This added time to testing and troubleshooting
issues, as it was often difficult to know if a problem was due
to the Open Wonderland core code or the new module that
was under development. The fact that it is not mature or well
documented definitely added a great deal of time to the
development effort.

There were challenges with both JADE and CArtAgO
when it came to working with them, especially the later,
when it came to lack of documentation and good examples
of how to create and run Jason agents on a remote server
instance/node. In neither case did it turn out to be complex,
but it did require some effort and the testing of different
approaches to get it to work. The research team had to create
modified versions of the Agent Architecture class that is part
of Jason's source code so that it would work properly in this
framework.

To make environments more effective for educational
applications, we need to provide a personalized and
customized environment where they feel encouraged. We
are working on user modeling for such environments. More
work about the benchmarking of performance for the
proposed architectures is also needed to be done.

At current stage, we have NPC controlled by BDI agent
running in the multi-agent system based virtual world. Our
next step is to extend the existing system to particular
learning subject (e.g., English language learning) to verify
the effectiveness of the proposed virtual learning
environment and the benefit that students perceive from
interacting with the proposed NPCs.
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/* Initial goals */

!listen.

fmsgHandler[atomic]

<- .print(FromUser) :

@listenHandler[atomic]

+!listen : true

<- proximity listen;

Controller"™, ""):

+proximity (FromUser,Enter,Distance)

text chat send message (FromUser,

"Proximity Agent"”, "").

text chat send message("listening to proximity messages", "JADE

proximity( , , ) [source(percept)]

cheer.
Figure 4. Sample AgentSpeak Code for Proximity Detection.
LB00 Wonderland

File Edit View |nsert Placemarks Tools Window Help

Location. hitp | jwi-dev.athabascau.ca 8080/

1bia 5] Lrawter Fredense grant (Y]
IFDATED

[6:4 5] Graster: Hello gran

[6:4 5] Greeter: What room would you like
18 go to (PhysicsClassroom or
EnglishClassroom)?

[6:47] grant: PhysicsClassroom

[6:4 7] Greeter: Arrived at user 9

[6:47) Crastar: grant, please follow me 1o
PhysicsClassroom

k

Ta Tan]

4] omrtar v e v v s
[ty

e
|Ed ] Gomrver Pravanin yiam (81
UrATIO

Ak

IT [ —

+complete(MSCID) [sourceipercepti] - going to_goal & kading usenfromisen
= Tuser_cell_map(FromUser, USERCELL)
concat“Arrved at usar goal, check proximaty for user *, USERCELL, M50,
Text_chat_send messagelMss, Crester”, 7
text_chat_send_message“sending gol request”, "Greeter”, =
get_cell_locanon{USERCELL)
going_to_goal

jixceliLocanontiandie fatomic]
+call_locationdx. ¥, Z Distance, Time|[source(percepn]
<= oncat{ Distance 1o Cell, *, Distance, M3C)
texi_chat_send_message(MsG, Proximity Agent”, )
if (Distance > &) |
texi_chat_send_message( User 100 far away, returning 1o user”, Froximity Agent™, =}
igato_user

Open | | Save Start |

Clear | | Diese |

greener.as!

a¥

Figure 5. Greeter leads the user to Physics classroom as per user request.
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JADE - Comtreiier

Jiﬂ] Library :

+ complate (MSLID)[saurce

cept!] : going to_goal & ieading uter(FramUser -' |
<~ Tuser_cell_map{FromUser USERCELL) |
concail Arrved at user goal. check procimety for user °, USERCELL, MSCH;
Text_chat send_messageiMsc, Grester, 7
tent_chat_send_messagesending gcl request”, "Greeter”, =)

- — L o get_cell_locatonUSERCELL ‘
1024 /) Lreetin: Arrived at user ¥ 3 going_to_goal |
[6:47] Groster: grant, please follow me 1o
PhysicsClassroom {celLocationHandiefatomic] )
16:4 7] Grester: Arrived at user goal, +cell_locationiX, .2, Distance, Timel[source (percept]
chisck proximity for user 0 <- contat Distance to Ceil *, Distance, MSG
[6:4 7] Greeter: sending gl request text_chat_send_message/Mst, “Proxsmity Agent”, =
|€:47] Prosimity Agent: Distance to Call if [Distance > &) |
12.04710062561728 text_chat_send_message"User 1o far away, returnng fo user”, Proximity Agent”, ).

I 1 Proximity Agent: User 1o far gato_user.
retuming o user |
= .4 Vel |
| Open | | Save | San | Stop | Clear | | Close |
Greeter.asl

Figure 6. Greeter is aware of the user doesn't follow its lead.
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Figure 7. QuizMASter is asking questions for three learners.
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