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ABSTRACT

Facial animation has been combined with text-to-speech
synthesis to create innovative multimodal interfaces. In this
paper, we present an architecture for this multimodal interface.
A face model is downloaded from a server into a client. The
client uses an MPEG-4 compliant speech synthesizer that
animates the head. The server sends text and animation data to
the client in addition to regular content to be displayed in a web
browser. We believe that this architecture can support electronic
commerce by providing a more friendly, helpful and intuitive
user interface when compared to a regular web browser. In order
to substantiate these claims, we undertook experiments to
understand user reaction to interactive services designed with
synthetic characters. In one experiment, participants played the
‘Social Dilemma game with the computer as a partner. Results
indicate that users cooperate more with a computer when an
animated face is representing the computer during the game. A
simulated commercial application was evaluated, also comparing
the performance of facial animation, text-to-speech and text only
conditions. According to the results, the use of facial animation
in the design of interactive services was favorably rated for most
of the attributes in these experiments. Further, the results show
that facial animation may effectively fill application-waiting
times and make delays more acceptable to the users.

1. INTRODUCTION

Computer simulation of human faces has been an active research
area for some time, resulting in the development of a variety of
facial models and the development of several animation systems
[31[4][7]1[13][15][21][24]. The advances in animation systems,
such as those mentioned above, have prompted interest in the use
of animation to enrich the human-computer interface. This
prompted 1SO to support animation of talking faces and bodiesin
the MPEG-4 standard [9][10][11][17][19][20]. One important
application of animated characters has been to make the human
computer interface more compelling and easier to use. For
example, animated characters have been used in presentations
systems to help attract the user's focus of attention, to guide the
user through severa steps in a presentation, and to add
expressive power by presenting nonverbal conversational and
emotiona signals [1][22]. Animated guides or assistants have
also been used with some success in user help systems [2][6][8]
and for user assistance in web navigation [16].

Character animation has also been used in the interface design of
communication or collaboration systems. There are several multi-
user systems that currently use avatars, which are animated
representations of individua users [24][21]. In many cases, the
avatar authoring tools and online controls remain cumbersome.
The social cues that are needed to mediate socia interaction in
these new virtual worlds have been slow to develop, and have
resulted in frequent communication misunderstandings [9].
Nevertheless, the enormous popularity of Internet chat
applications suggests considerable future use of avatars in social
communication applications.

In Section 2, we present the client and server architecture for
supporting web-based applications like electronic commerce with
text-to-speech speech (TTS) synthesis and facial animation (FA).
In Section 3, we show the use of facial animation in an
information kiosk. We also present the results of subjective tests
using this information kiosk. In Section 4, we present the 'Social
dilemma’ experiment that shows how FA and TTS can influence
the usersin their interaction with a computer.

2. ARCHITECTURE FOR TTSAND
FACIAL ANIMATION FOR WEB-BASED
APPLICATIONS

In order to enable web-based FA on aclient, the client requires a
web browser, a TTS and a FA renderer (Figure 1). Usually, the
settings like speech rate of a TTS are determined by the
preferences of the user. A server does therefore not know them.
In order to enable synchronized speech and facial animation, the
TTS must provide phonemes and related timing information to
the FA renderer. Using a coarticulation model [4], the renderer
can then animate a model downloaded from a server and let it
move its mouth synchronously to the speech of the TTS. Driving
the face model using the text of the TTS does not alow for
animating non-speech related actions like smiles or head
nodding. Therefore, the TTS has to handle bookmarks that
contain these facial animation parameters (FAP). The bookmarks
are placed in the text and their timing is determined by the TTS
from the stat time of the word following the bookmark
[12][28][23].

The server for this client comprises a web server, a TTS/FA
server and a database of face models (Figure 1). They are
controlled by the application, which could be implemented as a
CGI script. When the application is started due to a client
request, it downloads a face model from the model library to the
client. Weuse VRML [12] as afile format for the face models. In



order to increase the coding efficiency, the binary MPEG-4 BIFS
format [9] can be used. Afterwards, the application provides the
HTML-pages for the server and the text with embedded FAPs to
the TTS/FA server. This TTS/FA server can be implemented
using MPEG-4 [9][11][10].
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Figure 1: Architecture for using TTS and face animation
(FA) in an Internet environment.

3. INFORMATION KIOSK EXPERIMENT

This experiment was designed to assess the user benefits of an
animated agent assistant for an information retrieval task. To this
end we created an information retrieval service with a limited
scope.  Users were given a short information retrieval task to
provide experience using the service, and then asked to evaluate
the service by answering a computer-administered questionnaire.

Participants in the study performed the information search task
using one of three interfaces: text only, TTS + text, TTS + FA +
text.

3.1 Experimental Procedure

In this experiment 190 students or employees of Princeton
University completed the experiment. Participants were paid for
their participation. The median age was 25 and the majority of
subjects were self-described heavy users of computers at work
and at home.

Participants were asked to use a simple interactive system to
gather information about theatre shows. The interactive service
was designed to be fully functiona in a text-only version. The
facial animation and text-to-speech utterances were incremental
and designed to make the service more engaging and friendly.
More important, facia animation and text-to-speech was
designed to fill wait times that were designed into the service.
The wait times were typical of interactive service delays using a
dial-up Internet connection.

The service begins with a welcome message, and then gives the
user a choice of Broadway shows. The user chooses a show, and
is presented with a choice of available information about the
show: review, venue and price. There are built-in delays from
the time that the user selected the information that they want to
see and the display of that information. Participants can then
request additional information about the currently selected show,

look for information about a different show, or exit the
information service.

To insure that subjects spend sufficient time using the system,
they were asked to choose a theatre show and find some
information about it. For example, they were asked to find out
whether the review of the show was good or bad, where the show
was playing and what was the price of a ticket. The information
gathered by the participants was written down on a data
collection form.

Upon completion of the information-gathering task, they were
asked to fill out a short computer-administered questionnaire.

3.2 Resultsof Information Kiosk Experiment

Table 1 presents the subjects’ answers to the questions relevant
to the speed of service and waiting times. Both rows show similar
patterns, which can be expected due to the similar nature of the
two questions. The subjects having the TTS support and those
having TTS and face are both more satisfied with the speed of
service and remarked less the waiting times than the subjects
using the text-only service. Since the service was in fact exactly
the same with respect to speed and waiting times, we can
conclude that audio and face distract the users and make the
waiting times less noticeable.

Table 1. Average subjective ratings for the Information
Kiosk

TTS | TTS | Text | P

+ only | value

face
Satisfaction with speed 44 44 38 | p<01
Satisfaction with waiting time 4.0 4.2 35 | p<.001
Overall satisfaction 44 4.6 4.3
Was service user friendly? 4.9 5.1 4.7 | p<.01
Easy to use? 5.2 54 53
Was the service human-like? 2.7 3.0 24 | p<.05
Estimate of sound quality 4.5 4.7 (NA)

Table 1 shows the answers to several questions concerning the
user satisfaction and different aspects of the quality of service.
Looking at the data a general trend may be noticed. TTS and
TTS+Face conditions tend to be similar to each other and better
than the rest. They are followed by the Text only. There are some
exceptions to this trend. Notably, al three conditions are rated
similarly on overall ease of use, which likely reflects a ceiling
effort of the consistently high ratings.

Another, weaker trend is for service with the face to be judged
somewhat better than the one with TTS; in particular it is judged
to be more human-like.

The last row in Table 1 would show any influence of the
presence of the face on the perceived sound quality. There is no
such influence.

Severa questions were asked about the synthetic face itself. The
participant responses indicated that the face was reasonable
friendly (Mean rating = 4.1, where 6 = most friendly) and not
particularly distracting (mean rating = 4.9; where 6 = least
distracting). It was found to be only marginally useful (mean =



3.2, where 6 = most useful), which is reasonable considering that
the character was deliberately designed and programmed to be
more conversational than utilitarian.

4. 'SOCIAL DILEMMA' GAME
EXPERIMENT

Using the ‘social dilemma’ game, we investigated whether user
cooperation with a computer is influenced by the presence of
text, speech or face animation. Users played the ‘socia dilemma
game with the computer as partner (Figure 2). The rules of the
game are as follows: Partners have to choose project Green or
project Blue in a secret ballot. If both partners choose Green,
both receive $6. If both choose Blue, both receive $3. If one
partner chooses Green and one chooses Blue, the first receives $0
whereas the latter gets $9. According to these rules, we say that a
partner that chooses Green is cooperating because he favors both
partners to earn money. Goa of the game is ‘Earn as much
money as possible’. We do not define whether the partners
should maximize their own money or the joint money.

Rules of the game
If you both choose project Green, both will get §6.
If you both choose project Blue, both will get $3

If you choose project Green and Jason chooses Blue,
you will get $0, Jason will get 9.

If you choose project Blue and Jason chooses Green,
you will get $9, Jason will get $0.

Payout Matrix
Jason
[ [ Projedt GREEN [ Project BLUE ]
P %

GRi

(G o2 —7]

Scoreboard [ sasil herams =10

Game 1 2 3 4 5 6 Totalmoney

Your response:
You Both choose GREEN | Both choose BLUE

Jason "
T haven’t decided yet

Figure 2: Screen shot of the game. The left window
permanently displays the rules of the game and the
current score. The top right window shows the face. The
bottom right window displays an instant of the dialog
box that is used as part of the discussion phase.

The game starts with the computer and the partner introducing
each other. For each round of the game, the user and partner
discuss on what they will do in thisround of the game. After they
have communicated their intentions, they secretly select a project
using a ballot window. After both partners have selected a
project, the scores appear on the scoreboard.

Participants in the study played the game using one of three
interfaces: The computer partner was either represented using
text only, TTSonly, or TTSand FA.

4.1 Experimental Setup

50 students and employees of Princeton University participated
in the experiment. They were paid for their participation. The

median age was 25 and the mgjority of subjects were self-
described heavy users of computers at work and at home.

Each participant played 6 rounds of the game. The computer was
always initiating the dialog prior to a balot. Using different
wording, the computer suggests cooperating. The human partner
indicates his intentions by typing free text and confirming his
intention by pressing on of three buttons (similar to Project
Green, Project Blue, | don’'t know, Figure 2). As far as the ballot
is concerned, the computer is always cooperating (Project
Green), unless the human partner suggested that both choose
Blue. However, the human partner did not know the behavior of
the computer.

Upon completion of the game, users were asked to fill out a short
computer-administered questionnaire.

4.2 Experimental Results

We define the cooperation rate of a partner as the percentage of
choosing Green in his actual decision. Figure 3 shows the
average cooperation rate of the human partner as a function of
the round of the game. As can be seen, the cooperation rate is
highest when the computer is represented using TTS and FA. A
TTS representation yields a higher cooperation rate than text
only. The decrease of cooperation for the last round is expected
as described in the literature [26]. Users know that a lack of
cooperation in the last round of the game will not result in future
consequences. We believe that we will be able to exploit this
higher cooperation rate when TTS and FA are used in
ecommerce applications where we want to guide the user through
aproduct selection and buying process.

Social Dilemma
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Figure 3: Cooperation rate of a human user as a function
of the round of the game. Different modalities
representing the computer achieve different cooperation
rates.

The evaluation of the questionnaires showed a weak trend that
users prefer the interface with FA and TTS. There is one
exception in that the intelligence of the computer partner was
judged higher if it was represented with text only. Despite of this,
cooperation is higher for the FA and TTS interface (67%) than
for the text interface (52%) At this point, we are not sure on what
caused this discrepancy.



5. SUMMARY

In this paper, we present an architecture that integrates TTS and
face animation (FA) into Internet applications. A server sends a
face model to a client. The client animates this face model and
synthesizes speech according to the text and embedded
bookmarks that it receives from the server. The bookmarks
enable the animation of non speech-related actions like head
nodding and smile.

In subjective tests, we evauated this technology simulating an
information kiosk and a game geared towards measuring
cooperation comparing the performance of facial animation,
text-to-speech and text only conditions. According to the
results, the use of facial animation in the design of interactive
services was favorably rated for most of the attributes in these
experiments. Further, the results show that facial animation may
effectively fill application-waiting times and make delays more
acceptable to the users. An important result for Ecommerce is
that users cooperate more with a computer if it is represented
with FA and TTS instead of TTS only or text only. We measured
an increase of the cooperation rate from 50% for text to 70% for
TTS and FA in afirst human computer interaction. The average
cooperation rate over 5 consecutive interactions increased from
52% to 67%. Based on these results we expect that face talking
heads will increase the performance of web stores and web-
based customer service.
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