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ABSTRACT

A key debate in the interface literature is whether to
make each modality as human-like as possible or
instead to match the level of humanness of each
modality.  A three-condition experiment (recorded
speech with synthesized face; synthesized speech
with a synthesized face; or recorded speech with no
face) was conducted (N = 36).  When the modalities
were matched, individuals exhibited significantly
greater impression management and willingness to
disclose personal information and felt more
comfortable using the interface.

1.  INTRODUCTION

One of the traditional goals in interface design is to
develop more human-like interfaces [e.g., 13, 19,
but see 17].  The assumption is that by making an
interface more human-like, individuals will a priori
feel more comfortable with it than with one that
reminds them of a machine. Anthropomorphic
indicia have been argued to include emotion
detection and display [14], natural language
understanding [20], adaptation [10], agency [4], and
vision [16].

Of all the technologies that have been proposed to
manifest anthropomorphism, the most progress has
been made in the area of human-like
representations, particularly voices and faces.  In
the voice arena, there is a very human and a much
more machine-like option.  High-quality recorded
speech, facilitated by  new recording and
compression technologies and dramatic increases in
disk space, reproduces speech that is comparable to
speaking with a person in face-to-face conversation.
The machine-like option is synthesized speech, also
known as text-to-speech.  Although this technology
produces comprehensible content, the speech is
obviously produced by a machine rather than a
person, failing to match an actual person in both
prosody and clarity [12].

As far as faces in interfaces [18], high-quality video
is generally too memory-intensive, except in very
small bursts, to make recorded faces a viable option.
Great strides have been made in the production of
synthetic faces, especially with respect to lip-synch
[6] and emotion manifestation [6], but like its
speech counterpart, a synthesized face is never
mistaken for an actual person.

If one assumes that a human-like interface will make
a user more comfortable with technology, how
should one mix speech and face technology?  One
approach is to maximize each modality
independently.  The assumption under this view is
that people average the quality of each modality in
determining how anthropomorphic the interface is.
Under this view, a machine-synthesized face
combined with a human-like voice would be more
human-like and hence more social and comfortable
than either a human-like voice without a synthesized
face or an obviously-synthesized voice and face
combination.

An opposing view is that consistency is more valued
than optimization.  That is, instead of a linear
averaging,  modalities interact, with matched
technologies more human-like than asymmetric
instantiations.  There is a large body of evidence that
in social situations, people prefer to interact with
individuals that behave consistently, even if
consistently undesirably, as compared to individuals
that behave inconsistently [1, 15].  In particular,
facial expressions that do not match the words or
tone of voice are seen as deceptive and socially
loaded [1, 3].  One can apply this literature to the
case of computer-based agents by leveraging the
“Computers are Social Actors” paradigm [10, 15],
which argues that individuals apply social
expectations to computer-based agents.  In
particular, there is evidence that people become
disturbed by inconsistencies between persona
posture and text in a comic-book style interface [3]
and asynchrony between lips and voice in a video
interface [15].  If consistency is the controlling
principle, then matched interfaces (synthesized
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speech with synthesized faces and recorded speech
with no face, as in a telephone interaction) would be
more human-like than maximized interfaces (high-
fidelity recorded speech with a synthesized face).

To provide a critical test between the maximum and
consistency predictions, we had individuals interact
with a computer system that asked questions using
one of three presentation formats: synthesized face
with lip-synched synthesized speech, recorded
speech with no face, and a synthesized face with lip-
synched recorded speech.  If consistency leads to
more social feelings and comfort, then people
should exhibit greater levels of impression
management, more self-disclosure, and express
more comfort with the system than would
individuals who were presented with a maximized
but inconsistent interface [2, 18].  If, conversely,
maximization is socially optimal, then the opposite
would be the case.

2.  METHOD

A three-condition (synthesized speech with
synthesized face, recorded speech with no face, and
recorded speech with synthesized face) between-
subjects experiment was conducted. (“Face” in this
paper refers to the computer-synthesized face).  The
first two conditions reflect consistency; the third
reflects maximization.

2.1 Participants

Participants were 36 students enrolled in a large
communication course at a university. To avoid
potential difficult in understanding the synthesized
speech, all participants were native English
speakers. The participants received course credit for
participating in the experiment. They were told the
purpose of the experiment was to test a computer-
based interviewing system. The participants were
randomly assigned to the three conditions, with
gender balanced across conditions.

2.2 Procedure

Each participant completed the experiment
individually in a media lab. Upon arrival, 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 was to demonstrate how to: a)
use the mouse to answers questions on a Likert
scale, 2) type information into a text box, 3) use the
“Submit” and “Repeat” buttons.

After the practice round, the experimenter left the
room.  In the first round of the computer-based
interview, the computer (via the assigned modality)

asked a series of 20 questions that assessed socially
desirable responding. After each question, the
participants indicated their answers by using the
mouse to click on a response button on a 1-7 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 with
the assigned voice and face settings.

After the interview session, the participants filled
out a paper-and-pencil questionnaire on the other
side of the room. After telling the experimenter that
they had completed the experiment, the
experimenter thanked and debriefed the participant.

2.3 Manipulation

The CSLU Toolkit software was used to program
the stimuli in this experiment. For voice, we used
the synthesized speech engine and/or the speech
recorder, depending on condition.  The recorded
voice was of an adult male; we set the critical 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.  The face was 17.8 cm
high and 12.5 cm wide.  We synchronized both the
synthesized speech and the recorded speech using
the Toolkit.  The interfaces were presented on a 43.2
cm diagonal screen connected to a Gateway
Destination 2000 system.

2.4 Measures

Socially desirable responding was measured by the
BIDR-Impression Management (IM) subscale [4].
The original 20 BIDR items were first-person
statements, for example, "I sometimes tell lies if I
have to". To suit the interview nature of this study,
the items were adapted to "Do you" or "Have you"
questions, such as "Do you sometimes tell lies if you
have to?" The original 1-7 Likert-Type scale was
retained (1 = “not true”, 7 = “very true”). The
responses to the 20 BIDR-IM questions were
averaged to form an IM index (Cronbach’s α = .81).
A higher value on the IM index indicates a greater
tendency for impression management.

The amount and depth of self-disclosure were
measured by Moon's [7] nine open-ended self-
disclosure questions, for example, "What has been
the biggest disappointment in your life?" The
amount of self-disclosure was measured by the
average number of words, across the nine items, in
the participant’s responses. The reliability of this
index was very high (α = .86).



Two independent judges rated the depth of the
participants’ disclosure on a five-point Likert-type
scale (1= “low intimacy”, 5 = “high intimacy”). The
inter-rater reliability was a high .74. The assigned
value for a given participant was the average depth
of response; the reliability of the index was very
high (α = .85).

The post-experiment paper-and-pencil questionnaire
measured how the participants felt during the
interview with a series of adjectives on 10-point
Likert-type scales (1 = "Describes very poorly" and
10 = "Describes very well").  A Comfort index was
created, consisting of “awkward,” “relaxed,” and
“tense” (α = .91).

3.  RESULTS

The face-synthesized speech and no face-recorded
speech conditions were treated as a single,
“consistency” condition and compared to the
“maximized” condition of synthesized face and
recorded speech using two-tailed t-tests.

Consistent with the hypothesis of a stronger social
experience under consistency, consistency
participants (M = 4.3) exhibited consistently greater
impression management than did maximized
participants (M = 3.9), t(34) = 2.09, p < .05 (see
Figure 1).

Figure 1: Comparison of means in BIDR-IM.

Participants felt more socially comfortable with the
consistent interfaces than the maximized interface.
Consistency participants disclosed more information
about themselves (M = 13.8) than did maximized
participants (M = 10.0), t(34) = 2.33, p < .05 (see
Figure 2).  Similarly, the consistency participants
disclosed more personal information about
themselves (M = 2.9) than did maximized
participants (M = 2.2), t(34) = 3.86, p < .001 (see
Figure 3).

Figure 2: Comparison of means in the amount of self-

disclosure.

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

The questionnaire data supports the social
expectation of consistency: Consistency participants
were more comfortable with the interface (M = 6.8)
than maximized participants (M = 5.3), t(34) = 1.9,
p < .07 (see Figure 4).

Figure 4. Comparison of means in comfort.

4.  DISCUSSION

From a technological perspective, the procedure for
making an interface more “human-like” is simple:
For each dimension of the technology [10], make it
as human-like as possible.  From a user-centered
perspective, however, the present research suggests
that the answer is much more complicated.  Simply
maximizing human-like attributes along every
dimension, given technological limitations, can lead
to an experience that is less human-like, less social,
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and less comfortable for the user.  Because humans
value social consistency, likely for evolutionary
reasons [15], an interface that manifests a consistent
social feel may be more desirable than one that
maximizes dimensions independently.  Thus, the
principle that a good interface should be consistent
[see, e.g., 11, 17] might have a social as well as an
ergonomic basis.

The present research extends the scope of the
“Computers Are Social Actors” paradigm [10, 15].
Traditionally, the CASA paradigm focused on
interfaces (such as plain text) that do nothing to
remind the user of the computer’s deficiencies vis a
vis humans.  The present research demonstrates that
even when aspects of that technology provide
reminders that “it’s obviously a machine, not a real
person,” individuals nonetheless use social
heuristics in assessing the performance of the
machine.  The present research also extends CASA
methodology by relying on open-ended questions as
well as traditional Likert scales [see also 9].

We intend to extend the present research in two
ways.  First, we will include “no voice” (i.e., text)
and “fully-human face (i.e., video) in a 3x3 design
that fully tests the consistency hypothesis.  Second,
we intend to explore the issue of consistency
between input modality and output modality by
using the CSLU Toolkit for speech recognition as
well as speech output.

Of course, consistency between the performance of
speech synthesis and face synthesis is just one
pairing in an interface.  As computers exhibit more
skills, abilities, and manifestations that are
associated with humans, what are the critical points
of consistency?  For example, if a computer
expresses emotion without being able to detect
emotion, will individuals find that disturbing?  Will
systems that adapt to the user be expected to have
greater intelligence in other domains as well?  Must
three-dimensional character representations have
more fluidity of movement than two-dimensional
representations?  Are all the human-like attributes
clustered in a single domain, or are there multiple
clusters that are psychologically distinct, so that one
can have differences between clusters but similarity
within clusters?

As long as computers are viewed purely as a
challenge to maximize humanness, we will create
interfaces that are disturbing, untrustworthy, and
difficult to use.  The most successful people are not
those who always show the best they have; rather,
they are those who fit gracefully into the situation
and make others feel socially engaged and
comforted [2].  As interfaces become more human-
like, they should abide by the same principle.

5.  REFERENCES

1. Fiske, S. T. & Taylor, S. E. Social Cognition. New York:
McGraw-Hill, 1991.

2. Goleman, D. Emotional Intelligence. New York: Bantam,
1995.

3. Isbister, K. & Nass, C. Personality in conversational
characters: Building better digital interaction partners using
knowledge about human personality preferences and
perceptions. Proceedings of the WECC Conference, Lake
Tahoe, CA, 1998.

4. Kroner, D. G. & Weekes, J. R. Balanced inventory of
desirable responding: Factor structure, reliability, and
validity with an offender sample. Personality and
Individual Differences, 21(3), 323-333, 1996.

5. Maes, P. Agents that reduce work and information
overload. Communications of the ACM, 37(7), 31-40, 146,
1994.

6. Massaro, D. M. Perceiving Talking Faces: From Speech
Perception to a Behavioral Principle. Cambridge, MA:
MIT Press, 1997.

7. Moon, Y. Intimate self-disclosure exchanges: Using
computers to build reciprocal relationships with
consumers. Working paper for Harvard Business School,
1998.

8. Moon, Y. & Nass, C. Adaptive agents and personality
change: Complimentary versus similarity as forms of
adaptation. Proceedings of the CHI Conference,
Vancouver, CA, 1996.

9. Nass, C. & Mason, L. On the study of technology and task:
A variable-based approach. In J. Fulk & C. Steinfeld
(Eds.), Organizations and Communication Technology,
Newbury Park, CA: Sage, 1991.

10. Nass, C. & Moon, Y. Machines and mindlessness: Social
responses to computers. Journal of Social Issues, in press.

11. Norman, D. The Design of Everyday Things. New York:
Currency Doubleday, 1988.

12. Olive, J. P. “The talking computer”: Text-to-speech
synthesis. In D. G. Stork (Ed.), HAL’s Legacy: 2001’s
Computer as Dream and Reality. Cambridge, MA: MIT
Press, 1997.

13. Oren, T., Salomon, G., Kreitman, K., & Don, A. Guides:
Characterizing the interface. In B. Laurel (Ed.), The Art of
Human-Computer Interface Design. Reading, MA:
Addison-Wesley, 1990.

14. Picard, R. W. Does HAL cry digital tears? Emotions and
computers. In D. G. Stork (Ed.), HAL’s Legacy: 2001’s
Computer as Dream and Reality. Cambridge, MA: MIT
Press, 1997.

15. Reeves, B. & Nass, C. The Media Equation: How People
Treat Computers, Television, and New Media like Real



People and Places. New York: Cambridge University
Press/CSLI, 1996.

16. Rosenfeld, A. (1997). Eyes for computers: How could
HAL "see." In D. G. Stork (Ed.), HAL’s Legacy: 2001’s
Computer as Dream and Reality. Cambridge, MA: MIT
Press, 1997.

17. Shneiderman, B. Designing the User Interface: Strategies
for Effective HCI (3 ed.). Reading, MA: Addison Wesley
Longman, 1998.

18. Sproull, L, Subramani, M., Kiesler, S., Walker, J. H. &
Waters, K. When the interface is a face. Human-Computer
Interaction, 11, 97-124, 1996.

19. Stork, D. G. (Ed.). HAL's Legacy: 2001's Computer as
Dream and Reality. Cambridge, MA: MIT Press, 1997.

20. White, G. Natural language understanding and speech
recognition. Communications of the ACM, 33(8), pp. 72-
82, 1990.


