
Abstract 

Emotions play an important role in human-computer
interaction (HCI).  Central to the design of some future
computer systems are the questions of how emotions
can be specified, expressed, and accounted for by
machines.  Drawing on social psychology research,  a
two-factor model for emotion in HCI is proposed.  This
model was tested with a laboratory study of emotions in
HCI.  A project is currently underway to build a system
that demonstrates how this model can inform the design
of computer interfaces.

Emotions and HCI 
In the past, computers seemed to have little to do with
people's social and emotional lives. Computers used to
be tools that specialists employed to accomplish specific
information processing tasks. Consequently, researchers
studying people's interactions with information and
machines traditionally focused on cognition and not
affect.  The revolution in personal computing, however,
has broadened the application of information technol-
ogy. Many applications, such as word processing, now
serve a large market. Computing is no longer the
domain of a few specialists.  

As more individual computers have been connected
into networks, people have started using computers as a
communication technology.  Computers, rather than
isolating people, serve as another device for connecting
people.  People have started using computers to fulfill
their social needs with e-mail, chat, and multi-user
domains (MUDs). With the advent of hand-held and
wearable computing technology, computers are leaving
the largely solitary desktop environment and are enter-
ing into people's social interactions in an unprecedented
manner.  For many people, computers are a part of
daily life, serving sometimes as an artificial social
partner and playing a role in both their long-distance
social relationships and their face-to-face interpersonal
interactions.  As computers have entered people's social
lives, they have irrevocably entered their emotional
lives.  Current computer systems have been designed
primarily to support the exchange of ideas.  Ideas,
however, are only part of any social exchange.

Interactions between people involve emotions as well,
and negotiating emotions may be even more fundamen-
tal to interpersonal interactions than exchanging ideas.
The next generation of computing solutions will need to
support people as emotional beings in order to success-
fully address their needs. 

A person’s emotions are relevant to three different
kinds of computer support: computer systems can
support (1) “affective input,” or how information about
a person’s emotional state is specified and then input to
the system, (2) “affective output,” or how information
about emotional states are expressed and output to
people using the system, and (3) “affective awareness,”
or appropriate system responses that account for a
person’s needs and desires. Affective input systems
include emoticons, word spotting, graphical user inter-
face (GUI) controls, and automatic detection of
emotions.  Affective output includes emoticons, expres-
sive avatars, interface characters (Dryer forthcoming),
and simulated emotion in speech output (Murray and
Arnott 1993).  Affective awareness systems are only
now being developed; they will likely include back
channel detection and adaptive push technologies.
Some of these systems deserve further discussion here.

Probably the earliest example of a computer system
for both affective input and affective output is  the use
of "emoticons," which allow people to communicate
emotions using the widespread technologies developed
for inputting and outputting text.  Emoticons are
symbols, such as a grin <g> or a frown, :-( , that are
constructed from the characters on a text keyboard.
Emoticons are common in systems, such as e-mail,
chat, and MUDs, that were designed to allow people to
share their ideas as embodied in text messages.
Emotions are so important, however, that people have
developed emoticons, a kind of pidgin, to express their
feelings.  Emoticons are limited in a couple ways.  They
are typically arbitrary symbols that rely on established
conventions for meaning. Also, compared to facial
expressions or the sound of a person's voice, they tend
to lack affective impact; they express the idea of an
emotion but not the feeling. 

To overcome the limitations of emoticons, designers
have created other systems for affective input and
output, such as emotionally expressive avatars.
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Microsoft's Comic Chat system, for example, represents
people with cartoon characters (i.e., avatars) and word
balloons in a comic strip that is created in real-time.
The expression of the avatar is used to output informa-
tion about the person's emotional state.  A graphical
representation of a facial expression can communicate a
great deal of information about emotions quickly and
intuitively, without requiring a person to read
additional linguistic information to understand the
affect being communicated. Affective input is deter-
mined either by word spotting (e.g., when a person
sends a a message of "hi" the character automatically
smiles) or by the user explicitly selecting one of several
possible emotional expressions using a GUI control.
Existing solutions of this kind have three noteworthy
limitations. (1) The emotions are categorical. Users
cannot select an expression between angry and sad. (2)
The emotional intensity is fixed. Users cannot express
just a little bit of anger or extreme joy. (3) The emotions
are arbitrary. Specific emotions have been selected by
the designers and there is no way to express other possi-
ble emotions. 

Two potentially important kinds of affective aware-
ness are back channel detection and adaptive push
technologies.  In interpersonal interactions, people have
a great deal of nonverbal information about their
partner's state.  They can see their partner's facial
expressions, hear the tone of their voice, and see what
tasks their partner might be involved in.  This informa-
tion helps people to behave appropriately during inter-
personal interactions.  In particular, back channels such
as eye contact and head nodding provide feedback to
speaker about a listener's state.  Back channels help a
speaker determine if a listener is confused, bored, and
so on.  Back channels could be used to make HCI more
natural.  For example, suppose a computer system could
notice when a person looked confused and perhaps even
observe certain kinds of behaviors, such as opening and
closing a series of files.  The system might predict that
the person does not know what to do next, and the
system could offer appropriate assistance.  Similarly,
suppose a computer system could notice when a person
looked bored during the presentation of some content.
The system could use this back channel information to
adjust how the material is presented, perhaps speeding
up the presentation or skipping over the less important
topics.

Push technologies, such as Pointcast, are designed to
reduce the effort needed to access information.  Push
technologies allow information to come to people,
instead of requiring that people go to it.  These
technologies proactively present people with informa-
tion that might be of interest to them.  One limitation of
push technologies is that the information may not
always be delivered to people at an appropriate time.
Affective awareness could use used to address this
problem by knowing when to interrupt a person.  For
example, suppose a system could detect a person's

emotional state when they are involved in certain tasks.
The system could avoid interrupting people who look
like they do not want to be disturbed, such as a person
who is anxiously working with a word processing appli-
cation or a person who appears disgusted every time the
phone rings.  The system then could present new infor-
mation at appropriate times, such as when a person is
relaxed, calm, and has just finished a task or appears to
be browsing through some information.

The Social Psychology of Emotions 
Darwin (1872/1965) theorized that human facial
expressions of emotion evolved from animal displays
that allowed social partners to predict behavior. Later,
Ekman and his colleagues (e.g., Ekman and Friesen
1971) studied the specific facial muscles, especially
those controlling the eyes, eyebrows and mouth, that are
used socially to communicate the fundamental
emotions. Various researchers have studied how faces
can communicate tremendous amounts of information
(Chernoff 1973; Honda 1986). Recently, Knutson
(1996) has tied research on the expression of emotion to
theories that describe the relationship between two
people in an interaction. In particular, Knutson
describes how emotional expression communicates a
person's social dominance (which also has been called
control) and affiliation (which also has been called
valence). 

Dominance and affiliation are the fundamental quali-
ties of social relationships that are negotiated through
interactions. This two-factor model was proposed by
Aristotle in his Rhetoric. Timothy Leary, Marvin Freed-
man, Rolfe LaForge, and their colleagues at the Kaiser
Foundation Research Group proposed these two dimen-
sions as basis of individual differences in social interac-
tions (Leary 1957), and other researchers have contin-
ued work in this area (e.g., Benjamin 1974; Conte and
Plutchik 1981; Kiesler 1983; and Strong et al. 1988). In
addition to both individual differences and emotions,
these interpersonal dimensions been found to underlie
other various states and traits, including interpersonal
needs (Wiggins and Broughton 1985), problems
(Horowitz et al. 1988), manipulation tactics (Buss, et al.
1987), relations (Dryer, Jacob, and Shoham-Saloman
1994), goals (Dryer and Horowitz 1997), and prefer-
ences in mate selection (Buss and Barnes 1986). 

The two-factor model has been represented by a
circumplex (see Figure 1: The Interpersonal Circum-
plex). In this circumplex, social states or traits reflect
some combination of the dimensions of dominance and
affiliation. "Gregarious," for example, is high on both
dominance and affiliation whereas "aloof" is low on
both dominance and affiliation. "Cold-hearted" is low
on affiliation and neutral with respect to dominance,
and "Assured" is high on dominance and neutral with
respect to affiliation. In general, social states or traits 



that are close to each other on the circumplex are more
similar than those that are far apart. Other researchers
have proposed that people's subjective experience of
emotion can be defined by the dimensions of dominance,
valence (cf. affiliation), and arousal (Russell and Mehra-
bian 1977) or mapped unto similar circumplex arrange-
ments (Schaefer and Plutchik 1966). Likewise, a social
partner's dominance and affiliation is expressed in their
body movements (Gifford 1991) and in their facial expres-
sions (Knutson 1996). 

With regard to facial expression, certain facial features
are associated with the interpersonal dimensions of
dominance and affiliation. Low affiliation is communi-
cated by frowning and high affiliation by smiling (i.e., 

Figure 2: Emotions and the Two Factors (from Knutson
1996).

action of the zygomatic major muscle); low dominance is
expressed by a raised brow along the mid line of the face
and high dominance by a lowered brow (i.e., combined
action of the corrogator supercilii and medial frontalis
muscles). Common basic emotional expressions, therefore,
differ in the levels of dominance and affiliation they
express (see Figure 2: Emotions and the Two Factors). 

Empirical Test of Model
In order to investigate whether the interpersonal dimen-
sions would provide a good model for emotions in HCI, I
conducted a laboratory study that looked at people’s
emotions during HCI.

Method
This study involved six participants.  Participants were
divided into two groups: those whose facial expressions
were recorded (targets) and those who judged the recorded
expressions (raters).  There were three targets and three
raters.  The targets were asked to perform a simple task on
the computer, a game called Go-Moku. Each target played
this game twice, filling out a questionnaire after each play.
The questionnaire was designed to assess the target's
affective state and contained a list of twelve adjectives:
angry, anxious, bored, disgusted, excited, fearful,
frustrated, happy, interested, relaxed, sad and surprised.
The targets reported how well each adjective described
them at that moment by using a scale from one to four,

Figure 1: The Interpersonal Circumplex (from Wiggins, Trapnell, and Phillips 1988).



with one representing "not at all" and four representing
"very much." 

Two segments of videotape were taken from each target
for every time they performed the task.  (One of these two
segments was selected as the best example of displayed
emotion during the task.  The other segment was selected
as an example of a relatively unemotional moment during
the task.)  This resulted in twelve videotape segments with
each one lasting approximately ten seconds.  The three
raters were asked to view each of these twelve segments
and to fill out a questionnaire after each viewing.  The
questionnaire was similar to the one administered to the
targets in that the adjectives and scale used were identical.
The raters were asked to measure how well each of the
twelve adjectives described the targets in each segment.

Results and discussion
To begin, I examined whether the raters perceived any
displays of emotion in the targets.  To do this, I
constructed a table of the number of times each emotion
received a rating other than "1" (i.e., "not at all") and the
minimum and maximum rating for each emotion; see
Table 1: The raters' assessments of emotions.  The total
number of ratings for each emotion is 36 (4 video
segments x 3 raters x 3 targets).

Table 1: The raters' assessments of emotions
 
Measure Min Max # ratings > 1
Angry 1 2 2
Anxious 1 3 13
Bored 1 3 22
Disgusted 1 1 0
Excited 1 2 6
Fearful 1 1 0
Frustrated 1 3 7
Happy 1 3 13
Interested 1 4 26
Relaxed 1 3 18
Sad 1 1 0
Surprised 1 3 1

I then examined the mathematical structure of the data,
excluding those variables without variance (disgusted,
fearful, and sad).  To do this, I subjected the both the self-
report and the raters' data to a multidimensional scaling
(MDS) analysis.  Euclidean distance measures among the
twelve emotion adjectives were calculated, and the MDS
was run on these distances.  The two-dimensional solution
provided a good fit to the data; Kruskal's stress (formula
1) = .133, squared correlation (RSQ) = .874.  In addition,
a plot of the adjectives along the two dimensions revealed
a circumplex structure, which also suggests that a
two-dimensional solution is meaningful; see Table 2:
MDS Stimulus coordinates and Figure 3: MDS Stimulus
Configuration.

Table 2: MDS Stimulus coordinates 

                        Dimension

Stimulus   Stimulus     1        2
 Number      Name

    1      ANGR        .8757   -.6303
    2      ANXI       1.3199    .3614
    3      BORE        .3249  -1.7135
    4      EXCI      -1.4046    .4178
    5      FRUS       1.4192    .2933
    6      HAPP      -1.6306    .1465
    7      INTE        .7832   1.2038
    8      RELA       -.9591   -.8990
    9      SURP       -.7285    .8200

As shown in Figure 3, dimension one is defined by
positive emotions (e.g., "happy") at one end and negative
emotions (e.g., "frustrated") at the other.  Dimension two
is defined by high dominance emotions (e.g., "interested")
at one end and low dominance emotions (e.g., "bored") at
the other.  Of the nine emotions, the two that seem
somewhat misplaced are “interested” and “angry.”  Inter-
ested is a bit less positive than expected and angry is a bit
less dominant than expected.

Figure 3: MDS Stimulus Configuration

The benefits of this study are both theoretical and
practical.  From a theoretical perspective, these results
indicate that human-computer interaction may be funda-
mentally similar to interpersonal interaction.  In both
cases, people communicate their emotions in a way that
can be modeled by the dimensions of valence and
dominance.  This model therefore is the basis for the
system that I have designed.



A System Based on the Two-factor Model
The goal of this system is to give people a means of affec-
tive input that is easier and more effective than existing
systems, such as using emoticons or graphical controls
like Comic Chat, a means of affective output that is at
least as evocative as existing  synthetic face systems (e.g.,
Hiroshi 1994; Shigeo 1993), and a means of affective
awareness that provides a demonstration of what is
possible.

The first part of this system is a device for specifying a
particular emotion (affective input). This device represents
the circumplex factors with a two-dimensional graph in a
GUI. The y-axis of this space corresponds to dominance
and the x-axis to affiliation. With a single click within this
space, a person can specify both the quality of the emotion
(e.g., anger, sadness, or fear) and the intensity. The
quality is determined by the angle of the point from the
origin of the axes, reflecting some blend of dominance and
affiliation. The intensity is determined by the distance
from the origin. 

Figure 4: A Happy Face

The second part of the system is a method for communi-
cating the specified emotion to someone else (affective
output). At present, the system accomplishes this with a
robotic representation of a human face. The representation
has eyes, eyebrows, and a mouth. When a positive affilia-
tion emotion is expressed the mouth curves upward, and
when a negative affiliation emotion is expressed the
mouth curves downward. Similarly, when a high
dominance emotion is expressed the eyebrows form a "v"
shape, and when a low dominance emotion is expressed,
the eyebrows form an inverted "v" shape. (See Figure 4: A
Happy Face and Figure 5: A Sad Face.)

Although a face is used for the current demonstration,
an advantage of this system is that emotions need not be
represented by a human-like face. Dominance and affilia-
tion might be represented in various ways for different
kinds of representations. A chat avatar in the form of a
dog, for example, might use a wagging tail to communi-
cate high affiliation, a tail between its legs to communi-
cate low dominance, and so on. Because the system uses
the underlying dimensions of emotion, it is not tied to any
particular kind of expression. The expression could be
people, dogs, or abstractions, and animated characters,
still images, or icons. 

Figure 5: A Sad Face

The third part of the system is a software agent that
responds to the emotions expressed (affective awareness).
This agent is designed to respond to a person's emotions
in a complementary fashion (Dryer and Horowitz 1997).
Specifically, it responds similarly with respect to valence
and reciprocally with respect to dominance.  This agent
will be realized as an interactive interface character (Dryer
forthcoming).  Interface characters are interactive,
animated characters that are available from resources like
the Microsoft Agent Tool kit and companies like toggle-
this and Petz.  They are typically used for "social" or
"conversational" user interfaces that allow for a kind of
HCI that resembles interpersonal interaction.  These
characters can respond to a person's input or to system
events and included in their repertoire are various displays
of emotion.  In the case of the present system, the charac-
ter is being designed to respond to a person's emotions.
The character exists in a graphical world that includes
blocks and, optionally, a person's avatar.  The character's
responses include three kinds of behaviors: movement,
social interaction, and solitary behaviors.  The character’s
responses change depending on the category of the
person's emotion.  The categories, defined by the two



factors are dominant-positive, dominant-negative,
submissive-positive, and submissive-negative.  The
responses are shown in Table 3: Agent behaviors.

Table 3: Agent behaviors

Ultimately, my goal is to inform the design of devices
that support people's emotions, and consequently make
interactions with machines more productive, more
comfortable, and more fun. People soon will require
machines that are sensitive to their feelings, that adapt to
their moods, and that support rich social interactions. 

Acknowledgments
This research benefited from the support of Renee
Fadiman, Ronaldo Mendoza, and the entire IBM
"BlueEyes" research project, including Wendy Ark,
Myron Flicker, David Koons, Carlos Morimoto, Dragutin
Petkovic, Sarah Schmiege, and Shumin Zhai.

References

Benjamin, L.S. 1974. Structural analysis of behavior.
Psychological Review, 81, 392-425. 

Buss, D.M., and Barnes, M. 1986. Preferences in mate
selection. Journal of Personality and Social
Psychology, 62, 559-570. 

Buss, D.M., Gomes, M., Higgins, D.S., and Lauterbach,
K. 1987. Tactics of manipulation. Journal of Personal-
ity and Social Psychology, 52, 1219-1229. 

Chernoff, H. 1973. The use of faces to represent points in
k-dimensional space graphically. Journal of the Ameri-
can Statistical Association, 68, 361-368. 

Conte, H. R., & Plutchik, R. 1981. A circumplex model
for interpersonal personality traits.  Journal of Person-
ality and Social Psychology, 40, 701-711. 

Darwin, C. 1872/1965. The expression of emotion in man
and animals. Chicago: University of  Chicago Press. 

Dryer, D.C. 1999. Getting personal with computers: How
to design personalities for agents. Applied Artificial
Intelligence. Forthcoming

Dryer, D.C., and Horowitz, L.M. 1997. When do opposites
attract? Interpersonal complementarity versus similarity.
Journal of Personality and Social Psychology, 72,
592-603. 

Dryer, D.C., Jacob, T., and Shoham-Saloman, V. 1994.
The communication style typology of families. In
Proceedings of the American Psychological Association,
Los Angeles, CA. 

Ekman, P., and Friesen, W. V. 1971. Unmasking the face.
Prentice-Hall: Englewood Cliffs, N.J. 

Hiroshi, K. 1994. Study on face robot for active human
interface. Nippon Robotto Gakkaishi, 12, 155-163. 

Honda, N. 1986. Multivariate data representation and
analysis by face pattern using facial expression charac-
teristics. Pattern Recognition, 19, 85-94. 

Horowitz, L.M., Rosenberg, S.E., Baer, B.A., Ureno, G.,
and Villasenor, V.S. 1988. Inventory of interpersonal
problems: Psychometric properties and clinical applica-
tions. Journal of Consulting and Clinical Psychology,
61, 549-560. 

Kiesler, D. J. 1983. The 1982 interpersonal circle: A
taxonomy for complementarity in human interactions.
Psychological Review, 90, 185-214. 

Knutson, B. 1996. Facial expressions of emotion influence
interpersonal trait influences. Journal of Nonverbal
Behavior, 20, 165-182.

Leary, T. F. 1957. Interpersonal diagnosis of personality.
New York. Ronald Press. 

Murry, I.R., and Arnott, J.L. 1993. Toward the simulation
of emotion in synthetic speech: A review of the litera-
ture on human vocal emotion.  Journal of the Acoustic
Society of America, 93, 1097-1108.

Russell, J.A., and Mehrabian, A. 1977. Evidence for a
3-factor theory of emotions. Journal of Research in
Personality, 11, 273-294. 

Schaefer, E.S., and Plutchik, R. 1966. Interrelationship of
emotions, traits, and diagnostic constructs. Psychologi-
cal Reports, 18, 399-410. 

Shigeo, M. 1993. Quantitative representation and model-
ing of emotion information for human-machine inter-
face with face expression. Hyuman, Intafesu, shinpojium
Ronbonshu, 9, 357-360. 

Strong, S. R., Hills, H., Kilmartin, C., DeVries, H.,
Lanier, K., Nelson, B., Strickland, D., & Meyer, C.
1988. The dynamic relations among interpersonal
behaviors: A test of complementarity and anticomple-
mentarity. Journal of Personality and Social Psychol-
ogy, 54, 798-810. 

Wiggins, J. S., & Broughton, R. 1985. The interpersonal
circle: A structural model for the integration of person-
ality research. Perspective in Personality, 1, 1-47. 

Wiggins, J.S., Trapnell, P., and Phillips, N. 1988. Psycho-
metric and geometric characteristics of the Revised
Interpersonal Adjective Scales (IAS-R). Multivariate
Behavioral Research, 23, 517-530.

Play with
blocks

Pouncing
on

Fast
bounce

Submissive-
positive

Kick over
blocks

PushingStompingSubmissive-
negative

Rest on
blocks

Bounce
around

Slow
bounce

Dominant-
positive

Hide in
blocks

NoneDraggingdominant-
negative

Solitary
behavior

Social
interaction

MovementPerson’s
emotion

Agent’s
response


