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ABSTRACT

We investigated subjects’ responses to a synthesized talking
face displayed on a computer screen in the context of a
questionnaire study. Compared to subjects who answered
questions presented via text display on a screen, subjects
who answered the same questions spoken by a talking face
spent more time, made fewer mistakes, and wrote more
comments. When we compared responses to two different
talking faces, subjects who answered questions spoken by a
stern face, compared to subjects who answered questions
spoken by a neutral face, spent more time, made fewer
mistakes, and wrote more comments. They also liked the
experience and the face less. We interpret this study in the
light of desires to anthropomorphize computer interfaces
and suggest that incautiously adding human characteristics,
like face, voice, and facial expressions, could make the
experience for users worse rather than better.
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INTRODUCTION

Humanizing computer interfaces has long been a major
goal of both computer users and HCI practice. Humanizing
has at least two aspects, that of making interfaces easier and
more comfortable to use (e.g., [22, 28]) and of making
interfaces more human-like. Anthropomorphizing the
interface entails adding such human-like characteristics as

speech output (e.g., [1 l]), speech recognition (e.g., [16]),
auditory and kinesthetic feedback (e.g. [14, 30]), models of
human discourse [26, 29] and emotion [24], and social
intelligence [5, 25].
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Previous research indicates that simply adding human
qualities to an interface is not in itself guaranteed to
produce a better human-computer interaction experience.
For example, “human-like” error messages, in contrast with
“computer-like” error messages, produced more negative
criticisms from users [251. In a study in which subjects
were tutored and evaluated by computer program, a voice
interface produced more negative criticisms than a text
interface [20]. In a historical hypertext database using
icons of historical characters as guides, users over
generalized from the character icons, expecting them to
show personality, motivation, and emotion [23].

The most human-like interface of all of course would
embody human characteristics in an agent with human
form, of which the human face is one of the most
compelling components. Infants are born with information
about the structure of faces; at birth infants exhibit
preference for face-like patterns over others [6]. By the age
of two months infants begin to differentiate specific visual
features of the face [19] and process facial expressions [8].
Faces can induce appropriate behavior in social situation
covering faces with masks can produce inappropriate
behavior [9]. Faces, particularly attractive ones, even sell
soap; physically attractive models are found to be effective
in improving peoples’ responses to advertisements [4]. ‘

There is some history of using face icons and faces in
interfaces [18, 31, 32]. Perhaps the most famous example
of an embodied agent is “Phil,” the computer-based agent
played by a human actor, which appeared in the Knowledge
Navigator envisionment videotapes from Apple Computer
[1].

Exploration of human-like interfaces has been limited to
date by technology but this situation is changing rapidly.
The base technology needed to implement a variety of
personable interfaces is at, or close to, commercial
availability. With a combination of speech synthesis
technology (commercially available) and facial animation
(in research prototype), it is possible to display a synthetic
talking face on a workstation screen [33, 34]. The face is
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an image of a human face with the mouth animated in
synchrony with speech output from a text-to-speech
algorithm. The face can speak arbitrary text and could

participate more or less fully in an interaction with a user
(depending of course on the underlying programming). At
one extreme, the face could simply provide a stylized
greeting and introduce the user to a more conventional
interface. Moving toward the other extreme, the face could
represent the computer side of an entire interaction,
speaking all words that would otherwise be displayed on
the screen as text and responding to the user orally instead
of via text.

Talking faces may be particularly problematic in interfaces
precisely because the human face is such a powerful
stimulus, A talking face could focus people’s attention on
the face itself rather than on the task they are trying to
perform, thereby leading to lower performance.
Alternatively, it might cue reminders of social evaluation,
thereby leading to higher performance. A talking face
could also engender strong expectations for social
intelligence from the interface, thereby leading to confusion
or frustration if those expectations are not met. This paper
reports the results of an initial investigation of reactions to a
talking face.

RESEARCH QUESTIONS

The fist question is, simply, are people willing to interact
with a talking face? It is possible that people would find
the prospect so bizarre that they would refuse to participate
in a computer interaction in which the computer side of the
interaction was represented by a talking face.

The second question is, even if they are willing to
participate, will they be so distracted that their performance
is seriously degraded?

Finally, the most important question is how people
experience the interaction with the face. How human does
it seem? Does it evoke a social response from the user?

We investigated these questions in an exploratory study
using the social context of the interview survey. People are
quite familiar with the general social structure and form of
interview surveys. One person asks questions, usually
through an agent such as a questionnaire or interviewe~
and another person answers them. People are accustomed
to answering questions asked by such agents and there is an
extensive literature on how the nature of the agent affects
peoples’ responses. See, for example, Bailey, Moore, and
Bailar [3] for the effects of interviewer demeanor on the
obtained data, Schuman and Presser [27] for the effects of
question wording and order on the obtained data.
Generally, surveys delivered by human agents (face-to-face
or telephone interviewers) are more socially involving than
those delivered by paper and pencil. Thus response rates
are higher and missing data rates are lower. But social
involvement can also lead to social posturing; hence
surveys delivered by human agents elicit more biased

reports of socially desirable and undesirable behavior (e.g.,
[7]).

For exploring the first two issues, we compared text
delivery of survey items to having them spoken by the
synthetic face. To look specifically for social response

effects and to control for simple differences due to the
method of delivery, we compared two versions of the
speaking face that differed in expression.

METHODS

The experimental context was a computer-based survey in

which subjects received questions in either text or spoken
form and typed in their answers. We used a between-
subjects design with subjects assigned randomly to one of
the three presentation conditions: questions spoken by a
face with a neutral expression, spoken by a face with a stem
expression, or text only.

Subjects

The subject population was the staff of a computer research
laboratory in a large industrial corporation. This included
full-time research, support, and administrative staff, part-

time research staff, external consultants, and some off-site
people associated with the laboratory on a permanent basis
(for example, financial analyst, personnel consultant).
People who worked in the computer support organization or
who were involved in conducting the study were excluded.
The population thus defined consisted of 49 people, who
were assigned randomly to the three conditions. We
checked to be sure that part-time staff were not over-
represented in any one condition.

Tack

All subjects answered questions designed to measure user

satisfaction with the computer support services in the
laboratory. The survey had been commissioned by the

computer support organization. Thus the content of the
questionnaire was both realistic and salient to the
respondents. Subjects were informed of the purpose of the
study and were assured that their identities would be
concealed in the final report.

Questionnaire

The questionnaire contained 79 items: four background
questions, 59 questions about computing attitudes and
behaviors, and 16 questions about the experience of
participating in the study. The computing attitudes
questions were a mix of open-ended questions (for
example, what hardware do you have in your office?) and
fixed-response scale questions (for example, on a scale
from 1 to 10, how easy is it for you to talk with the support
staff about your needs?). The fixed-response questions
were based on a modified version of Zeithaml et al’s
service quality questionmire [36, 371.
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conditions, a help window about controlling the interface
remained on the screen at all times.
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Figure 1. (a) Geometric model underlying the
animation (b) Viseme (mouth posture) corresponding
to the phoneme fin the word red.

The questions about the experience of answering questions
consisted of eleven 10-point scale questions assessing “the
question asker” (for example, how happy does the question
asker seem?), four 10-point scale questions assessing
subjects’ reactions to the experience itself (for example,
how comfortable were you in answering these questions?),

a time estimation question, and an open-ended question
inviting comments about the experience.

Procedure

Each subject completed the study individually in one of the
offices in the laboratory, equipped with a computer
workstation. The subjects used workstations regularly as
part of their jobs and the system used in the study presented
an environment familiar to most of them. The experimenter
introduced the survey and explained how the questions
would be displayed. Each subject had the opportunity to
answer three practice questions to make sure they
understood how to control the interface before the
experimenter left the room. The survey was self-paced;

subjects were free to work on it as long as they wished.

Subjects in the text condition first read an introduction to
and explanation of the computer support survey in a text
window. They then saw the questions displayed, one at a
time, in that window, They typed their answer after each
question. Subjects in the face conditions heard rather than
saw the same introduction and questions, and typed in their
responses in the same way as did subjects in the text
condition. The face remained on the screen between

The workstation in the office was a Digital Equipment
Corporation DECstation 5000/200, equipped with a 21-inch
color monitor, a DECaudio board, amplifier, and speakers.
Images were shown in grey scale, not in color. All
materials were pre-computed to achieve acceptable
performance and stored on a local disk to prevent
variability in display speed due to network traffic. The
experimental sessions were managed using the Lisp
facilities of Gnu Emacs.

The face was produced by texture-mapping an image onto a
geometric wire-frame model (shown in Figure lT see [33]
for details). On the screen, the face occupied 512 x 320
pixels, which is about half life size. This was the maximum
size provided by the technology. The mouth was animated
by computing the current mouth posture (viseme, shown in
Figure lb) corresponding to the current linguistic unit
(phoneme) and applying cosine-based interpolation
between the images [34]. The voice was produced by a
software implementation of the KLSYN88 revisions of the
DECtalk text-to-speech algorithm [17]. The DECtalk
parameters used were the “B” voice, a fairly neutral voice
in the female pitch range, at 160 words a minute. DECtalk
speech is acceptably comprehensible at this rate [10]. The
synchronized face and voice were presented using the
Software Motion Pictures component of DECmedia [21].

The neutral and stem expressions appear in Figure 2. The

questions. At any point, subjects could scroll backward to
see any prior question or edit any answer. For all Figure 2. Texture mapped face with (a) neutral

expression and (b) stern expression.
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neutral expression (Figure 2a) was selected from a
videotape of a female speaker and converted to the form
required for texture mapping. The stern expression (Figure
2b) was synthesized from the neutral expression by
contracting the corrugator muscles in the underlying
physical model for the animation, thus pulling the inner

portion of the eyebrows in and down. The expression
produced by contracting these muscles is recognized as
conveying negative emotion such as anger and threat [2,
12]. The mouth itself was not involved in forming the
expression; subjects in both face conditions saw exactly the
same lip animation and heard the same voice.

After completing the study, seven people from the subject

population rated both of the face images on a 30-item set of
hi-polar adjectives used to make judgments relevant to
emotion and personality (taken from [13, 151). The face we
called “stem” was rated consistently more negatively by
these subjects, thereby validating our label for the face.

Dependent Measures

Attitude measures toward computing resources and staff
were defined as the sum of the responses to the ten 10-point
scale items on these topics. Overall measures of response
extremity were defined as the frequency of using the
extremes on the 10-point scales in the body of the
questionnaire (37 items). Responses to the open-ended

question asking “how this method of asking questions could
be improved” were coded independently by two coders.
Responses were first divided into remarks and then coded
for comments about the face, voice, text editor, and
question wording. Comments were also coded for general
positive or negative affect and for the presence of first
person pronouns (as an indicator of involvement). The
system logged how long each session lasted and how many
words subjects typed (separately for fixed-format questions
and for open-ended questions). Missing and invalid data
rates were derived from each subject’s responses.

RESULTS

Response Rate and Respondents

42 out of 49 people completed the survey for a response
rate of 8670. 7170 of the respondents were male. Two-

thirds of the respondents had been employed at the lab for
three years or less. 62% held a Ph. D.; 81% were working
in a research-related position. The remaining 1970 worked
in administrative support. Respondents reported a mean
level of general computing expertise of 8.0 (on a scale of 1
to 10, where 1 is “not at all competent” and 10 is
“extremely competent”). Respondent characteristics were
acceptably balanced across conditions.

Differences Between Faces and Text

The presentation condition had no effect on the subjects’
reported satisfaction with their computing environment.
Statistically significant differences between the groups did

Table 1

Attitudes and behavior as a function of presentation
condition: text, neutral face, stern face. Unless
noted, cells contain the mean rating on a 1-10 scale
where 1 was the negative extreme and 10 was the
positive extreme.

Text Neu@al Stem

(n=15) Face Face

(n=15} (n=12)
Attitudes to answering questions
Were questions clear? 8.1 7.1 6.2
Were you comfortable? 8.7 8.2 8.3

Similar to face-to-face? 2.2 1.9 1.9

Want to continue? 4.6 3.4 3,0

Involvement
Time spent (minutes) 24.1 26.8 35.0
Requests to repeat (fieq) N/A 6.5 8.0

Missing answers (freq) 3.6 3.3 2.7

Invalid answers (freq) 8.1 4.9 3.2

Unsolicited comments (words)a 57.1 24.9 57.2

Open-ended questions (words)b 65.6 57,8 114.9

Final comments (words) 30.0 37.9 68.3

a Comments made on fixed-format questions
b Excludingquestionabout experience of answering

questions

appear, however, for questions about the experiment and
the experience of participating. See Table 1.

There were several main effects of presentation condition.
Subjects in the face conditions rated the questions as
significantly less clear (F(2,39)=3. 1, p=O.06). Subjects in
the three conditions differed significantly in how long they
spent on the survey (F(2,39)=3.86, p=O.03) and in how
much they wrote in open-ended responses (F(2,39)=3.61, p
=0.04).

Subjects in the neutral face and text conditions typed the
same number of words in answer to open-ended questions
but people in the stem face condition typed almost twice as
many words. They were quite explicit about their dislike of

the face, with many suggestions for how to “improve” it.
Probably as a result of hearing questions repeated and

typing lengthy comments, they also spent significantly
longer taking the survey than subjects in the other groups.

Subjects differed markedly in their assessments of the
interviewer (see Table 2). Since text condition subjects had
not seen any question asker, their responses tended towards
the “don’t know” range of the 10-point scale. Subjects in
the face conditions expressed markedly more negative
attitudes. Eight out of the eleven comparisons were ordered
with the text condition most positive, the stern face
condition most negative, and the neutral face condition in
the middle. Six of the eleven comparisons were statistically
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Table 2

Assessing the attributes of “the question asker”. Cell
values are means on a 10-point scale, where 1 is the
most negative assessment and 10 is the most
positive.

Attribute Text Neutral Stem F-ratios
(n=15) Face IFace (@s 2,32

(n=15) (n=12) to 237)

Likable
Friendly
Intelligent

Comfortable
Trustworthy
Cooperative
Weak
stiff
Happy
Generous
Sad

6.5
5.8
6.2
7.6
6.5
5.3
3.5
5.8
5.6
4.1

3.1

u
4.7
6.5
5.4
5.7

::;
2.7
2.9
5.1

;:;
4.4
4.4
4.9
3.7
4.7
7,,9
2.5
2.8
5.7

8.98***
4.19**
1.74
3.38**
1.16
1.52
1.21
2.65*
9.23***
1.54
3.83*

*=p<.1, ***.05, ***=p<.ol

significant. Although it was not significant, subjects in the
face conditions were less willing to “continue a

conversation” than were the subjects in the text condition.
There were no statistically significant differences in the rate
of missing or invalid data, although the trend was towards
greater accuracy in the face conditions.

Differences Between Expressions

We further explored some of the main effects by direct
comparison of the two face conditions. Subjects who saw
the stem face found the questions less clear and asked to
have more of them repeated. People in the stem face

condition spent longer answering the survey than did
people in the neutral face condition (35 vs. 27 minutes;
t=1.96; p=.06). They wrote more in response to open-
ended questions about their computing environment (183
words vs. 96 words; t=2,0; p=.05), They also wrote more
(but not significantly more) about the experience of
answering questions (68 words vs. 38 words). There were
no statistically significant differences in error rates or
substantive answers and no difference in response to
questions measuring question clarity, desire to continue
answering questions this way, or subject comfort. There
were no significant differences in assessment of the

auestion asker. but the stem face was iud~ed in a more
~egative light in all of the comparisons. “

Differences Between People

We explored gender and education level of the
possible covariates. The resulting cell sizes

subjects as
were very
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small and non-proportional, preventing formal analyses of
variance. We did, however, see some suggestion of an
interaction between gender and education level in subjects’
reaction to the experience, with high education females
providing the most negative ratings on 11 out of 15 scales.

DISCUSSION AND CONCLUSIONS

We demonstrated the feasibility of having people interact
with a talking face for purposes of asking and answering

questions. Given the untried nature of the talking face
technology, it is encouraging that people performed
similarly across face and text conditions in terms of
substantive response to the actual topic of the
questionnaire. Furthermore, faces did not lead to poorer
performance through distracting people. On the contrary
the performance of people in the face conditions was better
than in the text condition as measured by (lower) number of
invalid responses. Faces were more engaging than text as
measured by how long people spent answering questions
and in how much they wrote in response to open-ended
questions. Further, the face with “more” expression (the
stem face) led to greater engagement than did the face with
“less” expression (the neutral face). Note that engagement

does not mean liking. Respondents assessed the stem face
less positively than the neutral face and assessed both faces
less positively than the text condition.

Why would people spend more time, respond more, and
respond more carefully to a face that they did not like?
Social psychologists have found that the presence of
another person usually serves to increase arousal and
motivation on the part of someone asked to perform a task
[35]. This can lead to improved performance if the task is
not very complex or to degraded performance if the task is
complex. The presence of another person apparently
produces evaluation reminders and therefore leads people

to try harder. We posit that the more expressive face (the
stem face) in this study may have actually produced the
most evaluation reminders of the thrm conditions. (One
respondent said the face reminded him of a “stem school
marrn. ”) If so, these evaluation reminders would cause
people to pay closer attention to their task than did the other
two conditions.

Synthetic talking face technology will continue to improve.
We will be able to manipulate expression more extensively
and to expand the range of facial movements possible. We
will be able to incorporate more natural eye movements and
more expressive speech. The major question from an
interface designer’s point of view is how to use these
capabilities.

This study raises many fundamental questions about the
future nature of the human-computer relationship. If a
computer is a social actor, what is its role (master,
apprentice, partner?) and how does the face it wears affect
the behavior and attitudes of the person interacting with it?
How should the faces used for delivering information (for
example, in kiosks) differ from the faces used for soliciting
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information (for example, in medical history applications)?
Should human facial realism be a goal? If so, whose face
should appear? Based on this preliminary work, we

anticipate differences in the appropriateness of face-based
interfaces depending on the social interaction demands of
the situation, on the expression and gender of the faces
used, and on individual temperament characteristics of the
users.

The goal of HCI work with synthetic faces should not
necessarily be to give a computer a human face but rather
to determine when a face-like interface is appropriate. It is
particularly important to follow up on the possibility of
gender effects, particularly in light of HCI’S commitment to
interfaces that are equally accessible and acceptable to all
intended users. Our results indicate that significant further
research is necessary to identify the components of a
satisfactory experience with a human-like computer
interface.
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