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Abstract

In this paper we propose the use of virtual worlds
as a 3D social interface for Electronic Institutions.
It is shown how the two metaphors, Virtual Worlds
and Electronic Institutions are combined into a single
metaphor, 3D Electronic Institutions, while retaining
the features and advantages of both. Its essence is
to open Electronic Institutions to human users. The
strong methodology and powerful tools provided with
Electronic Institutions create the possibility of semi-
automatic generation of 3D social interfaces. Using
E-Commerce as the application domain for the new
metaphor, important cues like social interactions, es-
tablishment of the long term contacts, enhanced prod-
uct observation and other real world attributes that
are missing from current on-line Web-based business
environments can be introduced.

Keywords: Virtual Worlds, Electronic Institutions,
social user interfaces, multi-agent systems, E-
Commerce.

1 Introduction

Individuals today are the product of a particularly
mobile and entrepreneurial society. As a result, in the
everyday business activities, including e-commerce,
the individual is socially constituted and socially sit-
uated (Solomon 2004). However, researchers point
out that social needs of customers play a very impor-
tant role and are of great importance in E-Commerce
applications (Preece & Maloney-Krichmar 2003), this
needs are mostly neglected in nowadays systems. At
present, most e-commerce environments and their in-
terfaces are designed with the assumtion that cus-
tomers buying style (or behaviour) is rational, with-
out much consideration of the needs of customers
showing an emotional style of buying. Some con-
ventional e-commerce solutions already try to meet
social needs of their users. The popular web site
Friendster.com, for instance, assists people in find-
ing new contacts with the help of other people they
know and trust. The answer to the question “Whom
do you know?” appears to be a key characteristic of a
businessman’s success. Jung & Lee (2000) propose an
environment which incorporates a spatially-organized
and interactive site map. This site map visualizes the
location of people and offers facilities for social inter-
actions. Though a good starting point, this approach
does not go far enough in terms of consistency. For
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example, the site map is a separate part of the web
site and not an integral aspect of the user interface.

In contrast, 3D Virtual Worlds provide a consis-
tent and immersive user interface which implicitly in-
corporates location awareness of other users and of-
fers mechanisms for social interaction. Virtual Worlds
support to a certain extent the way humans operate
and interact in the real world. Such immersive en-
vironments incorporate the social context, allowing
customers to meet and interact with other people,
and, have the potential to address the needs of both
rational and emotional customers.

Virtual Worlds go beyond the document and form
based interface of the World Wide Web, representing
users in a graphical form (an “avatar”, cf. (Damer
1998)) and permitting them to operate, interact and
communicate in a shared visual space, i.e. putting
the human “in” the World Wide Web rather than
“on” the World Wide Web. The underlying technol-
ogy supporting these worlds have been created and
hosted by variety of companies, ranging from com-
puting technology giants like Microsoft and Intel, and
ending with relatively smaller start-ups like Active
Worlds and Worlds Inc. Overall, the design and de-
velopment of virtual worlds has emerged as a phe-
nomenon shaped by the home computer user, rather
then by the research and development in universities
or companies. As a result, virtual worlds are some-
what unregulated environments, which do not have
the means to enforce technological norms and rules
on their inhabitants. Hence, virtual worlds do not
address the central issue of security in E-Commerce.

In order to make use of the benefits of virtual
worlds interface we need to introduce methodologies
on which reliable and secure E-Commerce systems
build upon. Electronic Institutions, for instance, fo-
cus exactly at this issue and take control over secu-
rity aspects, they guarantee that participants fulfill
their obligations and adhere to institution rules. In
general, actors in electronic institutions are software
agents and practical applications of this methodol-
ogy so far aimed at building societies of completely
autonomous software agents — humans did not par-
ticipate at alll' The MASFIT project pointed out
that humans participating in complex decision mak-
ing tasks quite reluctantly delegate this activity to
a completely autonomous entity, (Cuni, Esteva, Gar-
cia, Puertas, Sierra & Solchaga 2004). This highlights
that a better understanding and modelling of the re-
lationship between humans and the agents that make
decisions on their behalf is needed.

Our major objective is to bridge the gap between
the two metaphors, Electronic Institutions and Vir-
tual Worlds, and combine them in the metaphor of 3D
Electronic Institutions. Electronic Institutions enable
the specification of highly regulated and well struc-
tured environments which contrast the mostly unreg-
ulated nature of Virtual Worlds, cf. Figure |II?,
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Figure 1: Relation between Electronic Institutions

and Virtual Worlds

A 3D Electronic Institution is an environment that
enables human activities and participation in elec-
tronic institutions. In order to achieve this goal we
apply a three-layered framework and present a 3D so-
cial user interface that allows humans to interact ef-
ficiently in an immersive E-Commerce environment
which builds on top of the Electronic Institutions
methodology.

This paper is structured as follows. Section [2] out-
lines the framework for 3D Electronic Institutions.
Considerations that have to be taken into account
with respect to a 3D social user interface are pre-
sented in Section Section [4] presents an example,
through which scenario we describe the interface fea-
tures. Finally, Section [5| summarizes the work so far
and discusses some future directions of this research.

2 A Framework for 3D Electronic Institu-
tions

This framework is based on two metaphors — Elec-
tronic Institutions and Virtual Worlds. Our approach
aims at combining them into one single metaphor, 3D
Electronic Institutions, while retaining the features
and advantages of both. Its essence is opening Elec-
tronic Institutions to human users. More specifically,
we step beyond the agents perspective and take a hu-
man centered view on Electronic Institutions whilst
still relying on this clear and strong metaphor. In
order to allow this view, we present a 3D user inter-
face which provides sophisticated means for humans
to interact and, most importantly, to perceive social
context. Basically, the framework for 3D Electronic
Institutions consists of three layers as depicted in Fig-
ure 2l In this section a review of the Electronic In-
stitution methodology is given and the task of the
communication layer is outlined. The aspects of the
3D social user interface are detailed in Section @

2.1 Electronic Institution Layer

Electronic Institutions are software systems com-
posed of autonomous entities, i.e. agents, that inter-
act according to predefined conventions on language
and protocol and that guarantee that certain norms of
behavior are enforced. This view permits that agents
behave autonomously and take their decisions freely
up to the limits imposed by the set of norms of the
institution. An Electronic Institution is in a sense a
natural extension of the social concept of institutions
as regulatory systems which shape human interac-
tions (North 1990). The methodology of Electronic
Institution acts as the basis of the framework and is
determined along three types of conventions:

Conventions on language, the Dialogical Frame-
work. This dimension determines what language on-
tology and illocutionary particles agents should use.
It also fixes the organizational structure of the society
of agents, that is, which roles agents can play, and
what the incompatibilities and relationships among
the roles are.

3D Interface (U1)

3D Inteface (U2)

Social User Interface Layer

Causal Connection Server

Atmosphere Community Server

Communication Layer

Governor
P2

Electronic Institution Layer

Governor
P1

Figure 2: Framework for 3D Electronic Institutions

Conventions on activities, the Performative Struc-
ture. This dimension determines in which types of
dialogues agents can engage. Each different activ-
ity an agent may perform is associated to a dialogue
among the group of agents involved in that activ-
ity. These (structured) dialogues are called scenes.
(The term is borrowed from theater scripts, where ac-
tors incarnate characters and follow strictly pre-fixed
dialogues). The Performative Structure fixes which
protocol (possible dialogues) can be enacted in each
scene, which sub-language of the overall institutional
language can be used in each scene, and which conven-
tions regulate the in and out flux of agents in scenes.
Agents can join and leave scenes at certain points of
the dialogue, for instance, at the end of a round in an
auction scene. These points are marked as concrete
states in the finite-state machine that represents the
protocol. Arcs of the finite-state machine are labelled
with illocutionary patterns that make the conversa-
tion state evolve when correctly matched agent illo-
cutions are uttered. Finally, the minimum and max-
imum number of participants is limited by the speci-
fication of scenes. Scenes are interconnected to form
a network in order to represent sequence of activi-
ties, concurrency of activities or dependencies among
them. Agents leave scenes where they have been play-
ing a given role and enter other scenes to play the
same or a different role. This transit of agents is reg-
ulated by special (simple) scenes called transitions.
Transitions re-route agents and are where synchro-
nization with other agents (if needed) takes place.
Sometimes new scenes can only be enacted by a group
of agents, or agent can only join scenes as members
of a group. Transitions are the places where agents
synchronies before moving on.

Conventions on behavior, the Norms. Institu-
tions impose restrictions on the agents actions within
scenes. These actions are basically restricted to: illo-
cutions and scene movements. Norms determine the
commitments that agents acquire while talking within
an institution. These commitments restrict future ac-
tivities of the agent. They may limit the possible
scenes to which agents can go, and the illocutions
that can henceforth be uttered.

In order to support the specification, design and



deployment of multi-agent systems as Electronic In-
stitutions, IDE-eli (Integrated Development Environ-
ment for Electronic Institutions) is being used'| IDE-
eli is a set of tools whereof ISLANDER and AMFELI
are employed in the 3D Electronic Institutions frame-
work. ISLANDER, as a graphical specification tool,
provides a convenient means to design Electronic In-
stitutions (Esteva, de la Cruz & Sierra 2002). It sup-
ports the specification of a common ontology, the set
of activities (scenes) that the agents can get involved
in, the flow of agents within the institution, and the
dialogues that govern the enactment of the different
scenes. The tool also performs several verifications on
the specified institution (integrity, protocol correct-
ness, and norm correctness). Note that ISLANDER
is not depicted in Figure [2] for clarity issues. The lat-
ter one, AMFELI, loads institution specifications and
acts as the infrastructure that mediates the agent’s
interactions while enforcing the institutional norms.
Agents may be heterogeneous and self-interested, and
therefore we cannot assume that they will behave as
specified. AMFELI is a domain independent compo-
nent that supports the execution of such heteroge-
neous agents. To execute an Electronic Institution,
AMELI is launched up-front and then the external
agents can join the institution through a simple con-
nection to this infrastructure. Each agent that is
connected to the infrastructure communicates in the
Electronic Institution via a Governor. The Governor
serves the purpose of “safe-guarding” the institutions,
i.e. it checks whether a particular message is allowed
to be said at the current stage or not.

2.2 Communication Layer

The task of causally connecting the Electronic In-
stitutions runtime environment AMELI with the
user interface is accomplished via the communication
layer. A system is said to be “causally connected” to
its representation if whenever a change is made in the
representation, the system itself changes to maintain
a consistent state with the changed representation,
and whenever the system evolves, its representation is
modified to maintain a consistent relationship (Maes
& Nardi 1988). Reflective systems are a particular
case in which the representation of the system is part
of the system itself. The Electronic Institution (ex-
ecution) has a representation of itself in the form of
a 3D environment consisting of rooms, avatars, doors
and other graphical elements. The 3D experience in-
cludes the possibility that humans interfere with the
agent that represents their interests, and that runs
over the institution infrastructure, through concrete
actions on the 3D environment. These actions and
the agent’s actions have to be consistent. Therefore a
causal connection between the Electronic Institution
and the virtual world seems a must. This causal con-
nection has to materialize in two directions. First,
actions made by the agent in the institution have an
immediate impact on the 3D representation. Move-
ments between scenes, for instance, must make the
avatar “move” in the 3D world accordingly. Messages
said by the agent must be considered as said by the
avatar. Second, actions performed by the human user
via the interface in the virtual world are understood
as made by the agent. This has as a consequence that
those actions that the agent is not allowed to do in
the current execution state cannot be permitted over
the 3D environment. For instance, if an agent can-
not leave a scene, opening a door must be prohibited
to the avatar. Those actions that are permitted in
the current state and are actually performed by the
human, must have the same impact on the Electronic
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Institution infrastructure supporting the execution as
if they were made by the software agent. For instance,
if the human writes a message and the scene execution
is in a state where this message is consistent with the
protocol, the software agent and the infrastructure
will change their state as if the message was said by
the agent.

To address this issues, the communication layer
features two components, namely the Causal Connec-
tion Server and the Atmosphere Community Servevﬂ
The latter one offers the functionality of sharing the
3D world among multiple participants and acts as the
basis for the Causal Connection Server, i.e. it is build
on top of the Atmosphere Community Server. Each
user (interface) is virtually associated with a Gover-
nor at the electronic institution layer. Consider, for
example, user interface Ul in Figure [2| which is as-
sociated with Governor P1. All events performed by
a user are passed in terms of messages from the user
interface to the communication layer. Such an event
might be the action of opening a door in the virtual
world or typing the price the user is willing to pay
for an auctioned good. However, the Causal Connec-
tion Server captures these messages and sends them,
in turn, to AMFELI for “validation”. More precisely,
AMELI checks whether a particular message goes in
line with the electronic institution rules or not. If a
positive validation response is given by AMFELI, the
requested action (represented by the message) gets
the permit to be performed. This action is then re-
flected at the user interface layer which is detailed in
Section [l

3 Design Considerations

The designs of virtual worlds and electronic insti-
tutions have been governed by different principles.
Bricken (1990) has identified the shift of the user role
to a participant in the actual design, the move from
interface towards inclusion (i.e. embedding partici-
pants in the design process within the environment),
and the change from visual to multimodal interac-
tion. Bricken (1990) briefly mentioned that poten-
tially the design of virtual worlds can change from
using metaphors that are familiar to us to appear-
ances that are completely arbitrary. However, in the
design of virtual worlds there has been a tendency
towards designs related to human everyday experi-
ences. The emphasis has been placed on the de-
sign of the visual space. The concept of liquid ar-
chitecture (Novak 1993) underlined the spatial fea-
tures in information spaces and the aesthetics of nav-
igation in such spaces. The new approach to ar-
chitecture, unbound to the constraints of physical
civil engineering has been further developed in the
research in virtual architecture (Maher, Simoff, Gu
& Lau 2000). Building on the function-behaviour-
structure paradigm (Gero 1990) and the activity-
space model (Simoff & Maher 1993) the research in
virtual architecture focused on the relations between
the intended functionality of different areas of the
virtual world, their forms and topological arrange-
ments. Though these works deal with multifunc-
tional spaces, the design considerations were limited
to static spaces. These designs have been generated
by humans and the representations of the actors in
this worlds considered mainly human actors. The de-
velopments and research in distributed game environ-
ments and computer-mediated collaborative design
recognized the need for the dynamic generation of vir-
tual worlds out of design specifications. For example,
Smith, Maher & Gero (2003) looked at extending 3D
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virtual worlds into adaptable worlds by incorporating
agents as the basis for representation the world’s el-
ements. The worlds of the Active Worlds?] universes
accommodate proactive automatic bots which inform
inhabitants on different aspects of a world (static so
far), hence, can be used to also inform about dynamic
changes in the world. However, the rules of behaviour
of the agents in both cases and their representation
are tighten to the examples used by Smith et al.
(2003) in the design of a virtual conference room. The
emphasis in this works is placed more on the software
side - on the ”society of agents” model rather than on
the heterogenous society of humans and agents oper-
ating in the same virtual environment. Below we dis-
cuss main design considerations that we address or
have to address in our approach.

3.1 3D Virtual Worlds

The design of the user interface constitutes a crucial
part of every virtual world. The aim is to combine
the use of space with an immersive experience to con-
struct a virtual representation of a particular domain.
Space (or objects in space) can be used to model dif-
ferent impressions (Davis, Huxor & Lansdown 1996).
Social power, for instance, might be expressed by
means of “height”. Proximity can indicate things of
the same type or group. However, the perception of
space is strongly related to a person’s cultural back-
ground — yet another aspect to consider during the
construction of multi-cultural virtual environments.
Human beings live in a well structured space fol-
lowing different metaphors. Ideally, metaphors such
as buildings, streets... should be used in virtual en-
vironments as well (Russo Dos Santos, Gros, Abel,
Loisel, Trichaud & Paris 2000). A 3D representation
of Electronic Institutions could be mapped onto the
metaphor of a small town. Each building constitutes
a separate institution, public transport might be used
to access different institutions, rooms relate to differ-
ent activities that can be performed in the institution.
Virtual environments are spaces were people
“meet”. Social interaction is a key feature and virtual
environments have to provide support for communi-
cation and collaboration of their participants (Smith
et al. 2003). Furthermore, not all the inhabitants of
virtual environments are under human control. Some
of the participants are autonomous agents that have
an embodied representation. Thus, a virtual envi-
ronment, which is populated by automated embodied
agents and agents driven by human beings, has to
take care of their different abilities.
During the construction of a 3D representation of
a virtual environment it is important to keep the
benefits of traditional 2D interface design in mind
(Bowman, Kruijff, LaViola & Poupyrev 2001). Par-
ticipating in a 3D environment where users can ma-
nipulate 3D objects, doesn’t necessarily mean exclu-
sion of 2D interface elements. In fact, the interaction
with 2D interface elements offers a number of advan-
tages over a 3D representation for some tasks. Most
efficient selection techniques, for instance, are widely
realized in 2D, whereas, the selection process in a 3D
user interface must consider the user’s viewpoint and
distance to the object. Combining the advantages of
2D and 3D design is a very powerful and intuitive ap-
proach for the construction of virtual environments.
Besides the benefits obtained by adding an ad-
ditional dimension for visualization purposes, this
new degree of freedom introduces new difficulties
(Nielsen 1998). More precisely, not every applica-
tion domain has a suitable and usable representation
in a three-dimensional way. The more abstract (the
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Figure 3: Euclidian representation. Human knows

that Room 1 must be behind Door 4.

more non-physical) an application domain becomes,
the harder it gets to visualize it in 3D. Consider for
example, a 3D representation of a hyperspace like
the World Wide Web. Navigating through a three-
dimensional representation of web sites will end up in
a rather confusing task for most users. Thus, it is of
great importance to consider carefully whether to use
the “third dimension” for the particular application.

Usability is also a serious challenge for the model-
ers of virtual worlds, as the guidelines for designing
suitable virtual worlds are still far from being com-
plete. One of the key usability issues we would like
to focus at is the believability of the user interface.
The main reason for using virtual worlds is to pro-
vide a user with an interface that is similar to the
everyday life surroundings. So we advocate that the
major gains that we could get out of it could be easily
lost if the believability is not achieved. Any interface
that doesn’t bring high usability will be immediately
rejected by end-users.

3.2 Euclidian Representation of the Virtual
Worlds

Navigation is an important issue in the design of the
virtual worlds. Navigation problems may break the
immersive experience and lead to the rejection of the
system by end users. Humans live in an Euclidian
world: distances and angles help humans to navigate
it. In our opinion, the better our system imitates
real world, the more it supports social factors like
communication and collaboration.

Virtual worlds could certainly be programmed
without an Euclidian model in mind. For instance, a
series of rooms interconnected by teleporting. How-
ever, we build whenever it is possible an Euclidian
representation of the Electronic Institution, because
we believe that it helps to learn the institution’s struc-
ture and to navigate the institution.

Imagine the situation (Figure |3) where the user
walks from Room 1 to Room 4 following the arrows.
In Room 4 the human should correctly expect that
Room 1 is behind Door 4, otherwise the believability
of the interface will be lost. This expectation of Room
1 is based on both the consistency of the navigational
layout and intuitive feeling about the size of visited
rooms.

In our case the Euclidian representation of the
virtual world is generated from the graph represent-
ing the performative structure. To achieve this, we
propose to apply rectangular dualization technology
which is used to generate rectangular topologies for
top-down floorplanning of integrated circuits. The al-
gorithm proposed in (Jarbi 1988) removes the inter-
secting arcs of the source graph to force it being pla-
nar. We extend the algorithm in such a way that the
vertex peers related to removed arcs are stored, and



after the generation of the virtual world the intercon-
nected teleports are placed in the rooms represented
by those vertices.

3.3 Synchronization Issues

The Electronic Institution specification permits to
model situations where several agents have to pro-
ceed to the next scene together. To do that, agents
must synchronize. While synchronization is easily
supported by the Electronic Institution infrastruc-
ture, it requires a detailed thinking for virtual worlds.
We want to provide an immersive environment
where human beings are “driving” their avatars
through different scenes. Moving to another scene
in the virtual world is expressed by opening a door,
walking through the transition and opening the en-
trance door of the next scene. When more than one
participant is required to leave the scene (open the
exit door) we propose the following approach: each
participant approaches the door and tries to open it
(showing the intention to leave). The last agent to
synchronize approaches the door and is able to open
it. When the door is opened all the waiting agents will
be moved through it automatically (synchronized).

3.4 Humans and agents in 3D EI

The participants of a 3D electronic institution are
two possible types of actors: autonomous (software)
agents and human beings (principals). This couple
agent/principal is represented in the 3D Electronic
Institution by an avatar. The interface relation be-
tween humans and agents in 3D electronic institu-
tion is illustrated in Figure @] Human-driven avatars
are fully controlled by humans through an interface
(metaphorically the interface is a sort of glove pup-
pet that translates all decisions of its puppeteer into
terms of the institution machine understandable lan-
guage). Our view is that the agent and the human
co-operate in the solution of the tasks the human has
to deal with. We want to permit that either the hu-
man takes full control or that the autonomous agent
is in full charge of the decision making process. None
the less, we want to allow other types of interaction
among them, such as the human giving guidelines to
the agent, or the agent suggesting potential solutions
to the human (via the interface), in a sort of “ex-
panded intelligence” mechanism similar to the “ex-
panded reality” that nowadays virtual reality tools
offer. When there is no specific need to provide au-
tonomous agents with visualization facilities, having
a 3D representation of the institution will be very
beneficial for humans to perceive the actions of the
autonomous agents through avatars in order to de-
cide whether to intervene or not, to interact with the
agents and to implement decisions in an easy way.

As part of the institutional rules, we introduce
the avatar representation code, which allows to distin-
guish between the same avatars when they are driven
by a human being or the corresponding autonomous
agent. Such representation code should accommodate
the individual personal choice of avatar made by the
human (e.g. it’s geometry, texture, gestures and other
specifics) and modify them to a certain extent when
the this avatar is controlled by an agent (e.g. change
trousers to a jeans type). Such explicit distinction is
necessary for supporting awareness, i.e. seeing some-
body’s software agent present in a room may mean
that the person is currently present in the 3D elec-
tronic institution but in another location. On the
other hand, a principal may leave her agent in the in-
stitution when she is not currently there. This adds
another requirement to the representation code (e.g.
switching on transparency of the avatar).

3.5 Learning in 3D electronic institutions

In general, the design and implementation of elec-
tronic commerce environments is separated in time
from their use, i.e. the environment is designed be-
fore it is used. This time lag results in environments
that may not be directly related to the experiences of
their users. Maher & Gu (2003) pointed that this is
in general the case with current practices in designing
virtual worlds. They proposed to associate an agent
with the avatar, in which case the avatar can respond
to events in the world either through the human con-
trol of the avatar or via the avatars agent. Using some
simple design grammar the agent can automatically
alter and build a portion of the world, which provides
the virtual world with potential capability to evolve
according to the human behaviour. As in 3D elec-
tronic institutions the agent (and the corresponding
avatar) can be always present in the institution, there
is an opportunity to observe the behaviour of the hu-
man counterpart or other avatars and learn behaviour
patterns when the human being is driving the avatar.

Discovering patterns of behaviour in virtual envi-
ronments is a recently established field of research.
Simoff & Biuk-Aghai (2002) proposed a framework
for analyzing data in collaborative virtual environ-
ments, elements of which have been presented in
more details in their earlier works. The aim was to
adapt the virtual environment as a result of what
is learnt about the user behaviour. Similar view is
taken by researchers in process mining (see (Van der
Aalst, Van Dongen, Herbst, Maruster, Schimm &
Weijters 1999) for details in current research and fu-
ture directions in the area) who develop heuristics
to mine event-data logs to produce a process model
that can support the workflow design process. The
techniques, developed in the field provide useful back-
ground for learning from behaviour in 3D electronic
institutions, though these techniques operate over his-
torical data sets that are taken out of the system,
rather than on data streams.

In proposed framework, the duality,
agent/principal, permits the introduction of a
co-learning mechanism into the system. On the

one hand, the autonomous part can learn from the
principal how to take decisions, and after some
period of learning take autonomous decisions in the
same way the human would have taken them. On
the other hand, the autonomous agent can help the
human to learn about the structure of the Electronic
Institution. It can assist the user in learning the
institutional rules (expressed in a machine under-
standable language but made comprehensible to
the human through the observation of the avatar
controlled by the agent) or can advice the human on
certain decisions on the basis of the information the
agent may have gathered from external sources or
from the observation of other participants’ behaviour.
Depending on the specification of the institution
agents may also observe conversations of other agents
and extract important information for their princi-
pals. For example, an agent can use different data
mining techniques to gather additional information
about the product a human being is about to buy,
and interfere in the decision that is going to be taken
by the human presenting him an important piece of
information about the product (“I just read that this
model is not supported anymore”).

In the initial structure of the 3D electronic insti-
tutions we can identify areas in the visual space that
have specific semantic features. For example, in an
art auction user behaviour can include moving from
room to room, examining the artworks, placing bids,
initiation of information requests about specific art-
works. In other words, we can associate particular
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Figure 4: Interaction between automated agents and their principals.

activities with particular modes of interactions and
interaction opportunities. The agent that observes
the behaviour of a human controlled avatar can learn
the specific style of individual behaviour in such areas,
and later provide guidance in similar situations. This
”personalization” is embedded in the 3 layer frame-
work presented in the previous section. An aggre-
gation of the patterns behavioural learned from user
behaviour can provide the information for improving
and adapting the structure of the initially generated
3D electronic institution. Our approach utilizes the
results of the initial work in adaptive interfaces for
3D virtual worlds recently presented by Celentano &
Pittarello (2004), which proposes the coordinated use
of three approaches: structured design of the interac-
tion space, distinction between a base world layer and
an interactive experience layer, and user monitoring
in order to infer interaction patterns.

Adding new dimensions and new degrees of free-
dom to a user interface provides new opportunities for
collecting information and learning. Interaction in 3D
virtual worlds involves typical real-world actions such
as moving, changing directions of movement, chang-
ing the point of view without changing the position
(1st vs 3d person view), turning around and inspect-
ing objects, and so on. At each step on a trajectory in
the world, there is a large number of possible actions.

New degrees of freedom appear also with the sup-
port of social interactions, the possibility to change
participants’ appearance and with different ways of
interaction with the environment. The way users nav-
igate in 3D space, the appearance they select, even the
trajectory of their movement send implicit messages
about their personality. Even just the user’s location
in the 3D space gives an important information. For
instance, if a user spends a lot of time in the auction
room of Henri Mattisse we can anticipate that the
user is interested in buying paintings of this painter
and perhaps paintings of other painters that follow
Fauvism.

Another aspect of learning that is impossible in
traditional electronic institutions is the discovery of
social networks in such institutions. For example,
the frequency analysis of conversational utterances
of users (without analysis of communication content)
can provide an initial structure of ”connections” be-
tween this users. With a deeper analysis relating the
structure of the network to the subject of activities of
the electronic institution we can potentially identify
some influence on the decision making. The analysis
of the conversational content can explicitly provide in-
formation about the interests. For example, the user
may say in a conversation: “I like Gauguin”, which
can be used by a guiding agent to immediately offer

some paintings, without asking any explicit questions.

4 3D Social Interfaces

In order to describe the 3D social user interface
metaphor we use the following scenario.

“Imagine a businessman who wants to buy contem-
porary art to decorate his office. The businessman is a
customer of the 3D Electronic Institution and uses the
fish market auction for buying and selling fish. One
of the rooms in the electronic institution serves as
the gallery for graffiti posters. During the vernissage
the artist is present there and is looking forward to
conversations with customers. The businessman in-
structs his software agent to participate in the fish
market auction on his behalf, moves on to a poster
auction and spends his time on browsing through the
offers.”.

One way to buy contemporary art could be to go to
a conventional form-based online poster shop similar
to the one shown in (Figure [5)).

The user interface of this shop gives the buyer the
possibility to browse through the posters, read all the
corresponding information and bid for those she or he
is interested in. All necessary information is explicitly
mentioned in terms of text and the posters are shown
as images. There is also some advertisement (text
and images) present on the web page.

An alternative way to buy a graffiti poster is the
virtual gallery realized as a 3D Electronic Institution.
In contrast to the form-based interface of the online
poster shop, the 3D Electronic Institution offers a 8D
social interface, that stimulates the interactions be-
tween the participants. This 3D virtual gallery allows
users to perceive, first, products and their associated
information and, second, all other participants.

4.1 Prerequisites for 3D Electronic Institu-
tions

A graphical user interface for a virtual gallery is gen-
erated from the Electronic Institution specification.
This specification is created with the help of the IS-
LANDER tool. From the user interface point of view,
the Electronic Institution specification determines the
skeleton of the virtual world and the map of the insti-
tution. From the point of view of the Electronic In-
stitution, the specification serves as the basis for the
execution of the infrastructure, assigning governors to
each participant, limiting the interaction protocols,
conversations, and permissions for different roles.
The Electronic Institution specification does not
contain any information related to user interfaces and
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visualization of the institution. As it was already
mentioned, the Electronic Institution methodology
dealt so far only with the institutions populated with
software agents. Despite this fact both the skeleton of
the virtual world and the Electronic Institution infras-
tructure can be generated in a fully automatic way.
In this case the rooms in the newly created 3D Elec-
tronic Institution will not be furnished, however, the
doors, transitions, door labels, internal agents and
governors will be present. This institution will be
fully functional, meaning that all the security issues
of the institution will be imposed (e.g. permissions,
protocols, obligations). The agents will be able to
freely interact and take part in conversations, the con-
sistency of those conversations and interactions with
the institutional rules will be guaranteed by the in-
frastructure. The possibility to split into alteroids
and learning aspect will be also granted.

Of course, an institution with unfurnished rooms
is an example of a poor user interface design and can
not be attractive for end users. To enrich the user
interface we are going to provide the Annotation Ed-
itor tool which helps to prettify the institution. The
annotation is done in a form of URLs, as Adobe At-
mosphere (responsible for rendering) easily operates
with URLSs as the pointer to any resource type. For
instance, the URL of the 3D model of the furnished
room can be added as the annotation to the corre-
sponding scene in the specification. Once the anno-
tation is finished the virtual world is generated on
the basis of the annotated specification. During the
generation of the virtual world the 3D model of each
room will be reshaped to reflect the required size and
the doors will be placed on the correct place. If the
designer adds the doors to the 3D model, they will
not be used and can not be opened.

To give a rough impression on the Electronic In-
stitution specification Figure [6] shows the performa-

tive structure of the 3D Electronic Institution from
the scenario. The performative structure is only one
part of the Electronic Institution specification, but it
contains enough information for the purpose of this
example.

On the basis of the performative structure the map
of the institution and the virtual world are created.
Each of the scenes (“registration”, “picAuction” and
“fishAuction” in our case) lay the foundations to gen-
eration of the 3D models of the rooms. The size of
each room is determined by the maximal number of
participants (specified inside each scene, not visible
on the performative structure). The root scene is
represented as a garden surrounding the institution.
The exit scene doesn’t have any visual representation.
Transitions (small triangle-like shapes in the perfor-
mative structure) are transformed into special types
of rooms between the scenes. Connections (lines con-
necting the elements of the performative structure)
are represented as doors. Each door is initially locked,
and will be opened as soon as the user is granted the
permission to the transition by the institution. Each
connection between a scene and a transition is la-
belled with the set of roles, in this way the permissions
of a role to access particular scenes are specified. For
example, only instances of class manager (the man-
ager in this case is the internal agent) and user are
allowed to proceed to the registration room.

Usually each user appears in the entry scene of the
institution (garden) as a guest (user role in our case)
with the only possibility to access the registration
room (however it depends on the specification and can
be done in a different way). After successful registra-
tion user’s role changes and according to this new role
appropriate doors are unlocked. The doors are un-
locked for each particular avatar, the same doors will
be locked for a different avatar if the permissions are
not granted. The infrastructure also prohibits sneak-
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ing in through the locked doors while another avatar
enters. The invisible colliding doors are put addition-
ally to the main ones and the collision is turned off for
the users that are allowed to enter (so that they can
freely go through) and is turned on for all the other
users (so that they collide with an invisible door and
can not go through).

There are 4 types of participants of the 3D Elec-
tronic Institution: humans, software agents, internal
agents and governors. Each humans is represented as
one avatar and can change avatar’s appearance in ev-
ery possible way. Software agents are the autonomous
alteroids that are not controlled by humans. Their ap-
pearance is predefined in the Annotation Editor tool.
Internal agents represent the institution and can not
be manipulated by the visitors of the institution. All
the internal agents are dressed in similar way which is
also selected in the Annotation Editor. Governors can
be seen as the mediators between participants of the
Electronic Institution and the institution itself. They
validate every action of the users and reply to the
institution related questions of the users. Governors
are usually not displayed, but they appear as avatars
when a user tries to violate the institution rules. The
default appearance of the governor is a police officer
dressed in the uniform.

According to Chittaro, Ranon & Ieronutti (2004)
following an embodied agent may dramatically im-
prove the navigation. The trajectory of the avatar’s
movement may clearly indicate whether the user is
lost or not. For this reason the trajectory of each
avatar is observed and if the user appears to expe-
rience navigation problems the governor is displayed
and helps the user to reach the target destination.

4.2 A 3D Social Interface exemplified by
means of a Poster Auction

The 3D social interface reflecting the described sce-
nario is depicted in (Figure E[) The gallery is visual-
ized as a virtual world that reproduces a cosy atmo-
sphere of a real world gallery. The posters are pre-
sented in a conventional way (hanging on the walls)
as it is usually done in real world galleries.

The participants of the gallery are represented as
avatars. The avatar of the internal agent is easily rec-
ognizable because of the uniform, it is responsible for
putting the goods on the auction an taking the bids.
The software agent has a robot-like appearance. All
the other avatars are human participants with differ-
ent appearance.

Additionally to the main 3D part, the user inter-
face contains some 2D parts.

The chat window serves the purpose of the com-
municator between participants. To maintain privacy,
engage users into the spatial interactions and filter
the unnecessary conversations, the maximum audibil-
ity distance is specified. Only the avatars within the
audibility distance can participate in the conversa-
tion. Due to this fact, the female avatar present in
the left part of the window is not disturbed with the
conversation between the artist and the businessman.

The next important 2D part of the interface is the
map of the institution. It is only visible if the user
moves the mouse cursor to the right border of the
screen. The large rectangular blocks represent rooms
and the smaller ones correspond to transitions. The
solid figure with the arrow on top of it displays cur-
rent location of the human driven avatar within the
institution. The non-solid figures represent the soft-
ware agents that are in the user’s subordination. Elec-
tronic Institutions permit situations where user can
split himself/herself into a number of alteroids. Only
one of the alteroids can be controlled by a human and
all the others are controlled by software agents. Soft-
ware agents act autonomously trying to fulfill the task
specified by a human. They may move around and
even walk between different rooms, as they observe
the user all the time and may try to imitate his/her
behaviour to better represent the user in the institu-
tion. If in some situation a software agent is unable
to proceed with the given task due to the lack of intel-
ligence, the figure representing this agent on the map
starts to blink attracting the attention of the human.

The human is able to control any of the alteroids at
any time by clicking the corresponding figure on the
map. This will lead to switching to a different view
(determined by the position and head rotation of the
alteroid). The control over the avatar the human was
controlling before is automatically passed to a soft-
ware agent, the appearance of this avatar is changed
to the default appearance of a software agent. In the
given scenario the software agent (non-solid figure)
represents the businessman in the fish market auc-
tion, while the businessman drives the avatar (solid
figure) through the graffiti auction room.

Another 2D element of the user interface is the
rucksack with obligations. It helps the user to re-
member the obligations towards the institution that
have to be fulfilled. The rucksack automatically opens
and the pending obligation is displayed if the situa-
tion of not fulfilling an obligation makes it impossible
to proceed to another scene or state in the institution.
The user can also see the obligations on demand by
clicking on the rucksack.
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4.3 Beneficial Aspects of the 3D Social Inter-
faces

The 3D virtual gallery serves the same purpose as the
form-based online shop, however, due to the differ-
ent interface some conceptual changes are introduced
into the shopping process. Embodied presence of buy-
ers and sellers gives an additional push to the people
to get engaged into conversations. The same par-
ticipants could have been present in the form-based
online shop, but due to the fact that they are not
displayed, a user is unaware of their existence. The
embodiment, in our opinion, makes the environment
more open and informal, people are more likely to ask
questions that they will never ask via e-mail. Social
interactions may bring the participants new business
contacts, more information about the products and
even new friends.

The aim of the social interfaces is to stimulate so-
cial interactions. Additional possibilities to get people
involved into a conversation appear with the ability of
observing the position of participants and the direc-
tion of their eyesight. This gives information about
the environment context of each user and helps to find
a topic for conversation.

Another obvious difference between the two inter-
faces is that the buyer in the form-based shop is over-
loaded with text information. In contrast, 3D vir-
tual gallery brings new degrees of freedom into the
information presentation. It is not limited by using
text and 2D graphics; information can be presented as
sound or even have 3-dimensional representation (giv-
ing an observer the possibility to get full impression
of an object). The level of details decreases with the
distance, reducing the information overload. For ex-
ample, the information on the price, the title, “Buy
it now” button and additional information are only
visible if the user approaches the poster (some de-
tailed information describing each painting may also
be presented in sound form).

The sellers have even more support in the 3D vir-
tual gallery than the buyers. They can implicitly
attract attention to their products using advanced

decoration techniques, lighting and even music. The
gallery can be organized in the way that to see the
most interesting posters users have to see all the other
posters as well. Sellers may help buyers with an ad-
vice, if they determine a need for this. They may
attract the attention to themselves selecting unusual
appearance or performing some actions. There is also
a lot of space for statistical analysis, as each buyer
is clearly observable and some software agents (con-
trolled by sellers) may collect statistical information.

The 3D virtual gallery offers the natural way of
product observation (similar to real galleries) due to
the immersive and consistent interface. Additional
2D elements are integral parts of the interface. The
map of the institution is not perceived as a separate
component or different activity. In contrast to this, to
see the site map of the form-based shop a user has to
open another window or change to another activity.
The chat window of the 3D virtual gallery is present
all the time, where its form-based shop analogues (fo-
rum and sending e-mail messages) are completely dif-
ferent activities with totaly different interfaces.

We are convinced that the visualization of prod-
ucts and social interactions, appearing with 3D social
interfaces, are crucial for E-Commerce.

5 Conclusion and Future Work

In this paper we described a 3D social interface which
aims at introducing humans to Electronic Institu-
tions. Social interactions play a very important role
in E-Commerce and virtual worlds provide excellent
means to represent and model them.

As the approach that we have developed results
in visual interfaces (e.g. virtual architecture forms),
governed by the functional requirements of a specific
Electronic institution, we would expect the reverse
step: the design of the digital electronic commerce
spaces (hence, the spatial interface) to be reflected
back in the designs of their physical world counter-
parts. The technology that supports such transition
is already there - the rapid prototyping and computer



aided manufacturing technologies (Kolarevic, 2001),
which directly make use of 3D digital models for the
production of full-scale building components. We can
make an analogy to Zellner’s (1999) vision of architec-
ture as becoming firmware, where the digital building
of software space is inscribed in the hardwares of con-
struction engineering, that the 3D electronic institu-
tions can modify the structure and architecture of ex-
isting instutional counterparts in the physical world.

Both the communication layer and the inteface are
in a preliminary stage of development. As a next step
we aim at implementing the communication layer.

We plan also to investigate further the utilisation
of gestures and other social cues in 3D electronic in-
stitutions. Currently, avatars in virtual worlds are
equipped with some set of general gestures or ways
of expressing some social cue (for example, waving,
jumping and spinning to express joy, dancing move-
ments, etc.). The concept of the 3D electronic insti-
tution offers the opportunity to utilise a set of pro-
fessionally specialised gestures as part of the social
interface. The learning mechanism associated with
the dual human/agent control of the avatar allows to
associate the use of specific gestures to a particular
person, scenes, or, on another level, class of scenes
and type of people. This can make possible antici-
pation and dynamic customisation of the gesture sets
associated with different avatars.
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