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ABSTRACT

Does a synthetic face enhance the social appeal of TTS-
speech interface and recorded-human-speech interface? A
2x2 between-subjects experiment (synthetic face vs. no
face by TTS vs. recorded human speech) was conducted (N
= 48). Results show that the synthetic face enhanced the
social appea of the TTS-speech interface, but decreased
the social appeal of the recorded-human-speech interface.
A consistency argument is proposed.
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INTRODUCTION

Taking faces have received substantia attention and
effortsin computer laboratories and commercial interfaces
[8, 9, 14]. The advantage of talking faces is three-fold.
First, speech technology and interfaces are continuing
growing. Although the advantage of speech is most evident
in the auditory-only modality such as telephone, its less
requirement of reading ability, retural and social appedl,
and eyes-free and hands-free capability also make speech a
desirable and appealing feature on visual interfaces.

Second, faces or face-like icons have long tradition of
being used in interfaces [7]. Faces are also becoming
widely employed in Web sites [e.g., 15, 16, 17]. The
premise is that faces enhance the social appeal of the
interface and make the interaction with the interface more
fun and lively [14].

Third, combining face and speech, i.e., talking faces or
visual speech, incorporates the advantages of both speech
and faces. Visua speech has long been evidenced to
enhance speech processing and perception [9]. Face-to-face
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communication is considered the primary mode of
communication between humans [1]. A dynamic talking
faceis considered more lively and fun than still pictures of
faces or speech alone. Thus, talking faces hold tremendous
promise for enhancing social appeal of the interfaces. Then
the next question is what options the current technologies
provide for faces and speech?

In the speech arena, there are recorded human speech and
computer-synthesized speech. The latter is also known as
text-to-speech (TTS). To date, TTS ill lacks both the
clarity and prosody of natural human speech [12]. Users
have reported TTS sounds unnatural and is unpleasant to
listento [4]. But TTS does not need to be pre-recorded and
can be readily and spontaneously produced with any text
content with low cost and barely any time delay. Thus,
depending on the need and content of the interface, both
recorded human speech and TTS are used in various speech
interfaces.

In the face arena, although both videotaped human face and
computer-synthesized face are available, the pre-videotaped
natural human face cannot be synchronized with
spontaneous speech content. The new technology of
textual -mapping, which takes a videotaped human face and
maps it on a computer facial model, is yet to provide
natural -looking faces[9]. Hence, the computer-synthesized
face is the only viable solution for the dynamic talking
face, which can produce spontaneous speech content.
Synthetic faces now can perform very well in real-time,
especially with respect to lip-synchronization and emotion
manifestation [9]. But synthetic faces, like TTS, are
obviously nornthuman and readily distinguishable from
natural human faces[9].

Then to create a talking face, there are two choices. a
synthetic face talking with TTS or a synthetic face talking
with recorded human speech. Then an immediate question
is:

Does adding a syntheticface enhance the social appeal of

both TTS-speech interface and recorded-human-speech
interface?

The answer could be “yes’, “no”, or “depends’, depending
on the perspective one takes.



The answer would be “yes’ if one believes the synthetic
faceis alwaysagood thing to have on interfaces. From this
perspective, synthetic faces are considered to be lively and
fun and facilitate speech perception. Thus, a synthetic face
would enhance the socia appea of both TTS-speech
interface and recorded-human-speech interface.

The answer would be “no” if one believes the synthetic
faceisaways bad for interfaces because it looks unnatural .
Instead of making the interface more social and fun, it
might actually disturb the users. From this perspective, a
synthetic face would decrease the social appeal of both
TTS-speech interfface  and  recorded-human-speech
interface.

The answer would be “depends’ if one takes the
consistency perspective. The consistency perspective posits
that different aspects of an interface should be consistent
with each other. Because recorded human speechis clearly
human and synthetic face is clearly non-human, the
combination of them would be inconsistent. By contrast,
synthetic face and TTS are consistent with each other
becausethey are both clearly computer-synthesized. Hence,
the consistency argument would claim that a synthetic face
would enhance the socia appeal of TTS-speech interface
but decrease the social appeal of recorded-human-speech
interface.

Although the consistency perspective is arelatively new
concept to the study of computer interfaces and human-
computer interaction, it has long been evidenced as a
general rulegoverning social interactionsin the psychol ogy
literature [3]. People prefer to interact with individuals that
behave consistently, even if consistently undesirably, as
compared to individuals that behave inconsistently [3, 13].
For example, the inconsistency between one’'s nonverbal
behavioral cues and hig’her verbal content suggests lying
[2]. The consistency rule would equally apply to interfaces
and human-computer interaction, following the“ Computers
Are Socia Actors’ paradigm [11, 13]. This paradigm
claims that people automatically and unconsciously treat
computers and other new media as real socia actors and
places. Human-computer interaction is fundamentally
socia. Socia rules governing human-human interaction
also apply to human-computer interaction, according to the
CASA paradigm. Directly testing the consistency rule in
interfaces and human-computer interaction, a study has
found that users were disturbed by the inconsistency in
personality cues between persona posture and textual
content of a stick figure on an interface [5]. Hence,
following the consistency perspective and the CASA
paradigm, face and speech should be consistent.

To put in statistical terms, the predictions from these three
competing perspectives go as the following:

1) The argument of synthetic face being aways good
would predict amain effect that a synthetic face would
enhance the socia appeal of both TTS-speech interface
and recorded-human-speech interface;

2) The argument of synthetic face being always bad
would predict an opposite main effect that a synthetic
face would decrease the social appea of both TTS-
speech interface and recorded-human-speech interface;

3) The consistency perspective would predict an
interaction effect that a synthetic face would enhance
the social appeal of TTS-speech interface but decrease
the social appeal of recorded-human-speech interface.

METHOD
Experimental Design

To test these competing perspectives, a 2x2 between-group
experiment (synthesized face vs. no face by TTS vs.
recorded human speech) was conducted. Participants of the
experiment interacted with a computer system that asked
guestions using one of the four modalities:

1) asynthetictalking facewith TTS

2) asynthetic talking face with recorded human speech
3) TTSonly without face

4) recorded human speech only without face

Participants

Participants were 48 undergraduate students enrolled in a
large communication course a a West-coast U.S.
university. To avoid potential difficulties in understanding
TTS, al participants were native English speakers. The
participants received course credit for participating in the
study. Each of the participants was randomly assigned to
one of the four conditions, with gender balanced across
conditions.

Procedure

The participants were told the purpose of the experiment
was to test a computer-based interviewing system. They
completed the experiment one at a time in a media lab.
Upon arrival in the lab, they were asked to read the
Informed Consent Form and assured that the information
they submitted in the study was totally confidential. After
they signed the consent form and read the instruction on the
computer screen, they completed the practice round with
the assistance of the experimenter. The purpose of the
practice round wasto demonstrate how to: 1) use the mouse
to answers questions on a Likert-type scale; 2) type
information into a text box; and 3) use the “Submit” and
“Repeat” buttons.

After the practice round, the experimenter |eft theroom. In
the first round of the computer-based interview, the
computer (viathe assigned modality) asked a series of 20
standard questions that assessed impression management.
After each question, the participantsindicated their answers
by using the mouse to click on aresponse button on a1-7
scale. The second round consisted of nine open-ended



questions that assessed level of self-disclosure. The
participants typed their answers in a text box; when done,
they clicked the “Submit” button. For both rounds, there
was a “Repeat” button that, when pressed, had the
computer repeat the question. After they finished the
experiment, the participants left the room and were then
thanked and debriefed by the experimenter.

Manipulation

The CSLU Toolkit was used to create the stimuli and to run
the experiment. For synthetic speech, we used the Festival
TTS engine in the Toolkit. For recorded speech, we
recorded the voice of an adult American male; we set the
criticl TTS parameters (speech rate, fundamental
frequency, and frequency range) to be similar to the
recorded voice.

In the face conditions, we employed the “Baldi” face
provided with the Toolkit. The face was placed on the left
side of the screen. Thefacewas17.8 cm high and 12.5 cm
wide. We synchronized “Baldi” with both TTS and the
recorded speech using the Toolkit. The interfaces were
presented on a 43.2 cm diagona computer monitor
connected to a Gateway Destination 2000 system.

Measures

Social appeal of the interface was captured by two types of
measures.  participants’  tendency of  impression
management and their self-disclosure. The idea is the
greater the social appeal of theinterface, the more pressure
the users would feel to manage themselves in a socialy
positive light [14]. Also the greater the social appeal of the
interface, the more willing the users would be to disclose
about themselves and the more intimate their disclosure
would be because revelation of personal information is a
highly social act [10].

To measure impression management, the Impression
Management (IM) subscale in BIDR (Baanced Inventory
of Desirable Responding) [6] was used. The original items
werefirst-person statements, for example, "I sometimestell
liesif | have to". To suit the interview nature of this study,
the items were adapted to "Do you" or "Have you"
guestions, such as "Do you sometimestell liesif you have
to?' The original 1-7 Likert-type scale was retained (1 =
“not true”, 7 = “very true”’). Theresponsesto the 20 BIDR-
IM questions were averaged to form an impression
management index (Cronbach’sa =.80). A higher value on
the impression-management index indicates a greater
tendency for impression management. The computer also
recorded the ime that subjects took in answering each
BIDR question. Time-on-task is a particularly useful
measure and reflects users' attention and involvement in
the task.

Self-disclosure was measured by Moon's [10] nine open-
ended self-disclosure questions. A sample question is:

“What has been the biggest disappointment in your life?’
Two aspects of self-disclosure were captured. The amount
of self-disclosure indicated how willing people were to
disclose about themselves and was measured by the
average number of words in the participant’s responses to
the nine questions. The reliability of this index was very
high (a = .85).

The second aspect was the depth of self-disclosure which
indicated how intimate the disclosure was. It was measured
by two independent judges raing the depth of the
participants' disclosure on afive-point Likert-type scale (1
= “low intimacy”, 5 = “high intimacy”). The inter-rater
reliability was .74; disagreements were resolved by
averaging. The assigned vaue for a given participant was
the average depth of disclosure across the nine items; the
reliability of the index was very high (a =.86). Becausethe
time participants spent on answering disclosure questions
would necessarily correlate with the number of words they
typed, the time on this task was not captured.

RESULTS

Full-factorial  ANOVA's were conducted on dl the
dependent measures. Face and speech showed consistent
cross-over interaction effects on all of the measures. The
consistency prediction was supported.

For Impression Managemert, there was a significant cross-
over interaction, F(1, 44) = 4.3, p < .05 (see Figure 1).
Participants who interacted with the synthetic face speaking
with TTS exhibited greater impression management than
those who only heard the TTS without the face.
Conversdly, the participants who interacted with the
synthetic face speaking with the recorded human speech
showed |ess impression management than those who only
heard the recorded speech without the synthetic face. Thus,
the prediction of the consistency perspectiveissupportedin
the measure of impression management.
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The consistency prediction was also observed with respect
to amount and depth of self-disclosure. There were



significant cross-over interactions for the amount of self-
disclosure, F(1, 44) = 187.9, p < .001; and for the depth of
self-disclosure, F(1, 44) = 13.9, p < .001. Participants
disclosed more information about themselves and the
disclosure was more intimate when the interface was the
synthetic face talking with TTS than when it was TTS
alone (see Figures 2 and 3). On the contrary, they disclosed
less about themselves and the disclosure was less intimate
when the synthetic face was talking with recorded human
speech than when the interface incorporated recorded
human speech alone (see Figures 2 and 3).

16
B Face
14 1 ONo Face
12 1 —
10 4 —
8 |
6 - T

TTS RS
Amount of Disclosure

Figure 2: Comparison of means in the amount of self-
disclosure.
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Figure 3: Comparison of means in the depth of self-
disclosure.

Further evidence for consistency was found in the
significant cross-over interaction for the average time that
the participants spent in answering BIDR questions, F(1,
44) = 12.7, p < .001. The participants spent more time on
BIDR questions when the interface was the synthetic face
taking with TTS than when there was TTS done
Conversely, they spent less time when the interface
included recorded human speech with the synthetic face as
compared to when the interface was recorded human
speech done (see Figure 4). Also as a main effect,
participants spent more time with TTS than with recorded

human speech, afunction of greater difficulty in processing
TTS F(1,44) = 86.0, p< .001.
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Figure 4. Comparison of average time spent on BIDR-
Impression Management questions (in seconds).

To summarize, while a synthesized face consistently
enhanced the social appeal of TTS-speech interface, the
synthetic face decreased the social appeal of recorded
human-speech interface. When the synthetic face was
added to the TTS-speech interface, people felt more social
with the interface: had greater impression management and
more extensive and intimate self-disclosure and spent more
time on the task. When the synthetic face was added to the
recorded-human-speech interface, people felt less social
with the interface: had less impression management and
less extensive and intimate self-disclosure and spent less
time on the task.

DISCUSSION

The study demonstrates that the consistency between face
and speech is important and significantly affects the social
appeal of an interface. A synthetic face does not aways
enhance the social appeal of a speech interface. It does not
always decrease the socia appea of a speech interface
either. The key is the synthetic face should be consistent
with the speech. The synthetic face is consistent with the
synthetic speech (TTS), but inconsistent with recorded
natural human speech. The reasons are that the synthetic
face and the synthetic speech are both computer-
synthesized and have obvious machine-like marks. They
appear consistent together and enhance each other and the
social appea of the overall interface. On the contrary, the
synthetic face and natural human speech do not mix well.
Users probably feel confused or disturbed by the
combination of clearly-human speech and clearly-non-
human face.

This study points to an important implication for interface
design. Keeping face and speech consistent is important
and consequential . Of course, consistency between face and
speech is just one type of pairing in interfaces. More
research is needed to assess the consistency issue between



other aspects of the interface. Nonetheless, this study
strongly brings up and demonstrates the importance of
examining interfaces and human-computer interaction from
aconsistency perspective.

Because of the nature and scope of the study, limitations
exist. To fully test the consistency issue in pairing face and
speech, video-recorded human face needs to be included.
Although it is not a technologically viable option in
designing dynamic talking faces yet, it can be manualy
manipulated in laboratory settings. The inclusion of natura
human face will provide a complete test of the consistency
thesis in the pairing of face and speech and provide more
guideline for designing future talking-face interfaces.

Also as this study focused on the social aspect of the
interface, a study is needed to replicate the design of this
study in assessing the speech perception and
comprehension of the users. Then we would have a more
extensive picture of how the pairing of face and speech
affectsusers' cognition aswell as attitude and behavior.

To examine consistency as a general concept in interfaces
and human-computer interaction, research is needed to
examine the relationships between arange of aspects of the
interface. For example, if a computer expresses emotion
without being able to detect emotion, will users find that
disturbing? Will systemsthat adapt to the user be expected
to have greater intelligence in other domainsaswell? Must
three-dimensional character representations have more
fluidity  of movement  than  two-dimensionad
representations? Should text output be matched with text
input and speech output with speech input? As interfaces
are becoming more multi-faceted and acquiring more
capabilities, consistency between different aspects of an
interface will only become a more important issue in
research and design.
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