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Abstract. This paper describes a multimodal architecture to control 3D avatars 
with speech dialogs and mouse events. We briefly describe the scripting lan-
guage used to specify the sequences and the components of the architecture 
supporting the system. Then we focus on the evaluation procedure that is pro-
posed to test the system. The discussion on the evaluation results shows us the 
future work to be accomplished. 

1   Introduction 

One of the most interesting applications of Spoken Technologies (ST) is the imple-
mentation of multimodal interfaces [1]. Voice can be useful in different practical 
scenarios like mobile terminals or entertainment and training applications where ST 
complements graphical interaction. ST potentially increases the immersion capacities 
making the 3D world interaction easier (hands free, naming objects out of vision field, 
etc.). Despite of the spectacular growth on 3D and ST research and development, the 
state of art on multimodal applications that combine 3D and Dialog Systems (DS) is 
still characterized by a small number of prototypes. Although there are proposals for 
the standardization of multimodal systems, existing prototypes seems ad-hoc solu-
tions focussing on reduced fields and with limited application (except visual speech 
applications). Here we present a proposal that combines 3D and DS. We have created 
a platform for developing applications based on 3D virtual worlds, including a lan-
guage named XMMVR to specify scenes and interaction, allowing multimodal inter-
action driven by spoken dialogue. 

The evaluation of the framework is the main concern of this paper. The evaluation 
is a challenge because the state of the art on 3D systems mainly focuses on the quality 
of the graphics and very few on the quality of the interaction. We present a procedure 
that is based on the methodology presented in [2]. We defend the compliance of a 
guideline that includes graphic, vocal and multimodal metaphors of interaction.  

This paper first presents the XMMVR language. Next the architecture required to in-
terpret XMMVR documents is described. Then, we present our evaluation proposal with 
a guideline of metaphors compliance and we end with the conclusions and future work. 
                                                           
∗ This work has been partially financed by the research project of the Junta de Castilla y León 

VA077A08. 
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2   XMMVR Language and Platform 

We briefly present the scripting language and platform for the integration of multi-
modal interaction in 3D worlds already described in [3]. 

2.1   XMMVR Language 

The eXtensible markup language for MultiModal interaction with Virtual Reality 
worlds or XMMVR is a markup language to specify 3D scenes, behaviors and inter-
action. Each world is modelled by an XMMVR element, using the cinematographic 
event driven movie metaphor. It is a hybrid markup language because it embeds other 
languages as VoiceXML [4] or X+V [5] for vocal interaction and X3D [6] or VRML 
[7] for describing the 3D scenes. The XML files that comply with the XMMVR DTD 
include links to the necessary programs and files needed to run the specified 3D 
world.  

Figure 1 shows the structure of an XMMVR document. Any xmmvr element is 
formed by a cast of actors named cast and a sequence of scenes named sequence 
determining the temporal evolution of the world. The element context is reserved for 
future use. 

 
Fig. 1.  Elements of the XMMVR language 

Each actor of the cast is an element with graphical appearance described in a 
VRML file and a behavior that specifies the user interaction. Each behavior is defined 
as a pair <event, list of actions>. The actions are executed when a condition is met. 
The user is considered a member of the audience. He or she is able to interact with the 
actors of the world though is not considered as an actor of the world. 

The user generates events using the graphical interaction GUI or the vocal interac-
tion VUI. There are also system events to define the interaction with other actors of 
the world (ACT events) or to interact with the system (SYS events). The list of actions 
is a set of actions to be run when the event occurs. The actions can be of GUI, VUI, 
ACT or SYS type. GUI actions modify the graphical appearance of the 3D World. 
VUI actions are dialogs. ACT actions are messages sent between actors. SYS actions 
are the navigation between scenes. 

The sequence element schedules the scenes of the world. By defect the scenes are 
displayed in the same order as they are written in the document. SYS events and ac-
tions allow to navigate among scenes by changing the sequential default order. At 
least one scene must be defined in the xmmvr world. Interaction is only possible if at 
least one actor is defined. 
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According to these premises, a DTD [8] has been defined so that it is possible to 
develop multimodal applications by writing a XML file that complies with the 
XMMVR DTD. 3D scenes, actors, its behavior and the interaction with the user are 
defined in the same markup file. This file is used by the system architecture to run the 
application as will be described next. 

2.2   XMMVR Platform 

We have created a framework to develop multimodal HCI applications where the 
flow of the interaction in 3D environments is driven by spoken dialogs. To build an 
application using our framework the developer has to specify the virtual world, the 
sequence of dialogues and the list of actions to be triggered when the events are gen-
erated by the users. 

One of our goals was to build a multimodal web application, so we have developed 
a system embedded in a web navigator. Dialogs are programmed using VoiceXML 
and 3D scenes and actors are described in VRML. We have developed a world man-
ager to schedule the actions to be performed in the 3D world using a Java applet. In 
the following sections we describe how the spoken interaction is carried out and how 
the system manages the overall 3D world behavior.  
 
Speech dialog management. A web browser embedded component starts the execu-
tion requesting a dialog to the dispatcher. It retrieves the corresponding VXML 
document from a repository and sends it to an interpreter. The VXML interpreter 
performs the dialog using the voice platform. The interface between the VXML inter-
preter and the voice platform are prompts (to be synthesized) and field (the output of 
the automatic speech recognizer) according to the VoiceXML standard.  

We have developed the system using a Java applet on Internet Explorer web 
browser. It uses the VRML browser CORTONA [9] to show the state of the world. 
The GUI interaction is based on the EAI API [10]. We use a servlet in an Apache 
Tomcat server to feed the vocal browser of our dialogue system. We created our own 
VXML interpreter that uses the Ibervox ATLAS voice platform [11]. As the vocal 
components are distributed over different severs, multimodal applications can run in a 
conventional PC with audio and the appropriate browsers.  

Management of the 3D world. The required components that make the 3D world 
react to events are shown in figure 2. The VUI events are dispatched by the Spoken 
dialog manager and the GUI events are typically generated by clicking the 3D 
elements. The system obtains the information about the 3D scenes and the actors from 
the XMMVR document. The same document specifies the behavior of the actors as 
pairs <event, list of actions> and links to the VRML document that specifies the 3D 
scene and actors.  The left side of the figure 2 shows the relationship between two 
XMMVR actors named actor A and actor B and two 3D VRML elements named node 
A and node B. In response to the events, the system makes changes in the nodes, 
according to the specifications of the XMMVR document. 

The first stage of the system is the Event scheduling task, where events are queued 
and multiplexed in a number of parallel queues (in this case four queues, but this 
parameter is programmable). Each queue is attended by the corresponding thread, and 
this allows the concurrent execution of actions in the scene. The threads access a hash  
 



 Evaluation Proposal of a Framework for the Integration of Multimodal Interaction 87 

XMMVR Document

Spoken Dialog Manager

VRML Document
3D element  A

   3D element  B

VXML Document

3D World Manager

Events queue

Multiplexed
events queues

Alarm
Manager

VUI events GUI events

Event Actions
hasttable

Parallel
actions queues

State of the world
hashtable

World Manager

Java Class
Actor A

Java Class
Actor B

VRML node
Actor B

VRML node
Actor A

Actor A
Actor B

EAI Interface

Event schedulling stage

Control stage

Events threads

Action threads

EAI Interface

Synchonization stage

 
Fig. 2. Architectural components of the 3D world manager 

table that contains the actions corresponding with the events, as described in the 
XMMVR document. If any of the actions is not elemental, the thread is responsible to 
decompose it, producing a new queue of elemental actions ready to be run by the 
World manager in the next stage. We have programmed an Alarm manager to enter 
anti-actions that eliminate several actions to be cancelled when exceptional events 
occur (alarms). 

Each 3D VRML element has two associated Java Classes: Control and Interface. 
Control executes elemental actions and interacts with the corresponding variables of 
the State of the world hash table and Interface manipulates the graphics of the 3D 
node. Between the Interface Java Class and the 3D nodes there is an interface (syn-
chronization stage in figure 2) that is responsible to use the EAI to manipulate the 
VRML elements and to receive the GUI events and forward them to the system input. 
In the figure 2, the node A is manipulated through the Java Class Interface Actor A. 
The difference between the node A and the node B is that node B can potentially send 
GUI events such as a mouse click on the 3D VRML node B. 
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The World Manager reads the elemental actions and calls the corresponding Java 
Methods. Furthermore, it updates the State of the world hash table that stores the state 
of the properties of the world. The information of this hash table is used to assign 
values to the parameters of the Java methods. The manager is also responsible to 
update this table according to the executed actions. 
 
MMI Architecture compliance. The W3C Multimodal Interaction Group (MMI) has 
recently defined the required components for a multimodal architecture and interfaces 
[12]. The Runtime Framework is the core of the architecture providing the basic  
structure and managing the Constituents communication. The Delivery Context Com-
ponent of the framework provides information about the platform capabilities. The 
Interaction Manager coordinates the different modalities. The Data Component pro-
vides a common data model. The Modality Components offer specific interaction 
capacities. There is a straight projection of the XMMVR architecture onto this model: 
our Runtime Framework is a Java applet where the 3D World Manager is the Interac-
tion Manager; the XML file complying the XMMVR DTD is used as the Runtime 
Framework markup; the VRML and VoiceXML files are used as the markup lan-
guage for the graphical interaction/scene and vocal interaction Modality components; 
and the State of the world hash table plays the role of the Data component. The Deliv-
ery Context Component is to be implemented in future versions. 

3   Evaluation Based on Revision of Metaphors 

Evaluation on virtual environments is still a field of research that lags far behind what 
is needed. In [2] we find a proposal to cope with the problem following a systematic 
approach that is inspired on usability engineering methodologies. They propose to use 
four iterative: (1) User task analysis, (2) Expert guidelines-based evaluation, (3) For-
mative user-centered evaluation and (4) Summative comparative evaluations.  

User task analysis is the process of identifying a complete description of tasks, sub-
tasks, and methods required to use a system, as well as other resources necessary for 
user(s) and the system to cooperatively perform tasks. 

Expert guidelines-based evaluation (heuristic evaluation or usability inspection) aims 
to identify potential usability problems by comparing a user interaction design—
either existing or evolving—to established usability design guidelines. 

Formative user-centered evaluation is an empirical, observational evaluation method 
that ensures usability of interactive systems by including users early and continually 
throughout user interaction development. 

Summative comparative evaluation is an empirical assessment of an interaction de-
sign in comparison with other maturing interaction designs for performing the same 
user tasks.  

The XMMVR language is suppose to permit to specify the interaction the tasks 
that the user is expected to perform. Our intention was the language to impose the 
tasks that the user can do with the system including visual and vocal interaction. The 
language has been designed as result of the task analysis. We present in this paper the 
heuristic evaluation of the language and architecture to cope with the expected  
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situations. The procedure to build the guideline was to review the interaction meta-
phors found in the bibliography related with graphical, vocal and multimodal interac-
tion. In the following subsections, we review the guideline and we comment on the 
XMMVR capabilities to comply with them.   

3.1   Graphical Interaction 

Graphical interaction based on mouse and keyboard as known nowadays, is supported 
by the model of events and actions predefined in behaviours. In the project CONTI-
GRA [13] two fundamental metaphors are defined, five structural metaphors and five 
navigational metaphors. Besides of these metaphors, transportation of objects is 
used as an interaction metaphor on some virtual worlds where some tools or interface 
elements can be used on several action spaces. 

3.1.1   Fundamental Metaphors 
There are basically two fundamental metaphors: 
Theatre metaphor (tm): User has an static position and a point of view where world 
changes around. Inside of this metaphor we could consider the movie metaphor that 
could be a variation of the theatre metaphor. 
Locomotion metaphor (lm): User has a dynamic position and will be translated 
through a structure. 

3.1.2   Structural Metaphors 
Structural metaphors are based on physical localizations: 
Rooms: Can be considered as parts of both fundamental metaphors (tm, lm) and are 
applied on areas like virtual entertainment, education or electronic commerce. 
Revolving stages: Are characteristical examples of the theatre metaphor (tm), be-
cause the user’s point of view keeps constant. 
Buildings with floors, corridors, levels: Are typical examples of the locomotion 
metaphor (lm). 
Space stations, molecules, bubble-nets: Belong to the locomotion metaphor (lm). 
Urban metaphors: Are examples of the locomotion metaphor (lm). 

3.1.3   Navigational Metaphors 
Navigational metaphors are based on different ways of movement (lm). Most known 
are: 
Elevator / hydraulic ramp: Due to its lineal movement, they support sequential 
tasks. 
Track vehicle / train: Two directions are possible with this sequential metaphor in 
most of the cases. 
Cable railway / slide: Sequential metaphor with one way where an only strict se-
quence of visited action spaces is allowed. 
Flying chair / carpet: Belongs to the group of parallel metaphors because user can 
fly to more than one or two action spaces. 
Tele-Portage / “Beam me up”: Despite of disorientation, it is an appropriate meta-
phor for completely free structures and allows the election of several destination 
spaces. 
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We think our proposal is able to implement every described graphical metaphor 
despite of being based in the theatre metaphor. Structural metaphors are quickly de-
veloped with our solution: metaphor of “rooms” can be developed assigning the scene 
element to every room defined in the application; metaphor of “revolving stages” 
could be solved assigning the element scene to each of the stage as well; in the cases 
of “buildings”, “space stations” and “urban” the solution could be the same delimiting 
the building, space station or urban in several levels that could be our scenes.  

Navigational metaphors will be implemented with great effort in graphical design. 
We will assign every element of these metaphors to element actor of our language. 
Thus, metaphor the elevator could be an actor moving over floors (element scene) 
resulting a combination of a navigational metaphor (elevator) and a structural meta-
phor (building). 

3.2   Vocal Interaction 

Oviatt [14] points out the need for restricted language by the limitations of the dia-
logue systems to understand the natural language and the need for feedback to adapt 
the language to new situations or state changes. The use of VoiceXML imposes re-
stricted dialogues and it also allows feedback. 
McGlashan [15] distinguishes four vocal interaction metaphors: 
Proxy: The user can take control of various agents in the virtual world and thereby 
interacts with the virtual world through them; for example, painter, paint the house 
red! 
Divinity: The user acts like a god and controls the world directly; for example, Let 
the house be red! 
Telekinesis: Objects and agents in the virtual world can be dialogue partners in their 
own right; house, paint yourself red! 
Interface Agent: The user communicates with an agent, separate from the virtual 
world, which carries out their spoken commands. 

The system is prepared to resolve Proxy and Interface Agent metaphors because the 
dialogues are vinculated to the different actors through the behaviour element. Never-
theless, the use of the Proxy metaphor should demand the availability of a VoiceXML 
interpreter with different voices to associate to the different agents to play. 

Telekinesis and Divinity metaphors will be simulated using an actor without 
graphical appearance responsible to dialogue with the user and to interact with the rest 
of agents through ACT type events. 

3.3   Cooperation between Modalities 

There are five basic types of cooperation between modalities as said in [16]: 
Transfer: Part of the information produced by a modality is used by another modal-
ity. 
Equivalence: Both types could treat the same information. 
Specialization: A determinated type of information is always processed by the same 
modality. 
Redundancy: The same information is processed by both modalities. 
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Complementarity: Different parts of information are processed by each modality but 
have to be combined. 

Transfer is guaranteed by keeping a context in the XMMVR language and in the 
World manager of the architecture (hash table State of the World). One of the modali-
ties can provoke the execution of an action that modifies the value of these context 
variables and this information be used by the other modality. Complementarity can 
also be programmed using the context of the XMMVR language. Equivalence also 
can be done because the sequence of actions can be executed as a consequence of a 
vocal or graphical event. Specialization is responsiveness of the programmer of 
scenes that can delegate determinated task to one or other modality. By last, Redun-
dancy is the most problematic case. When both modalities introduce information 
referred to the same locking situations can be done because actions can be executed 
concurrently. This is predicted with the inclusion of the element Alarm manager ex-
pected to be able to cancel actions from the queues. Nevertheless, there are situations 
that will need the architecture to be modified, such as dialogue cancellations when 
graphical introduces redundant information. 

4   Conclusions and Future Work 

The definition of the XMMVR language shows that it is possible to write scripts to 
specify virtual worlds with multimodal interaction based on symbolic commands. The 
use of this language brings modularity, resulting on single development cycles and 
improving the possibilities to reuse or to standardize components. We have imple-
mented an architecture supporting this language and we have illustrated its use with 
an example consisting on a 3D scene with two active nodes.  

Our proposal is to build a generic platform for the development of VR applications 
with multimodal interaction. The platform is expected to allow the specification of 3D 
movies based on different multimodal interaction metaphors. This makes possible the 
development of applications for specific areas where multimodality could be a great 
support to ease the interaction in fields such as entertainment applications, educative 
games or handicapped people interfaces.  

We have presented the evaluation methodology we follow relating it with the one 
presented in [2] On the one hand we have identified several interaction metaphors and 
types of cooperation between them. On the other hand we have evaluated the capabili-
ties of our solution to implement every interaction metaphor and every kind of coop-
eration. The result is that our system is capable to implement every interaction meta-
phor and almost every cooperation between modalities.  

As future work, we will develop applications based on our framework to do a for-
mative user-centered evaluation of our framework and finally a Summative compara-
tive evaluation according to [2]. 

Another challenging future work has to do with the components of architecture and 
the need to move to public domain tools and libraries. We expect to replace the Cor-
tona by another browser capable to interpret X3D abandoning EAI API by SAI API 
[17]. We are testing FreeWRL [18] or XJ3D [19] that can be executed on platforms as 
Debian Linux. Also we are developping the presented framework to work over an 
Adobe Shockwave Player [20] based platform. Concerning to vocal browsers, open 
source solutions are still difficult to find in nowadays state of art.  
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