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Using Social Agents to Explore Theories of Rapport
and Emotional Resonance

Jonathan Gratch, Sin-Hwa Kang, & Ning Wang

Introduction

Emotions are often described as momentary, even dis-
crete, reactions to some specific event. For example,
we see a bear in the forest, and fear seems to emerge
without bidding, fully formed. Writing around the
same time as William James, George Herbert Mead
employed a very different metaphor to emphasize
how emotions can incrementally unfold and resonate
between social actors. He asks us to imagine two angry
dogs preparing to fight (Mead, 1934, pp. 42-43):

The act of each dog becomes the stimulus of the
other dog for his response. There is then a relation-
ship between these two; and as the act is responded
to by the other dog, it, in turn, undergoes change.
The very fact that the dog is ready to attack another
becomes a stimulus to the other dog to change his
own position of his own attitude. He has no sooner
done this than the change of attitude in the sec-
ond dog in turn causes the first dog to change his

12_Gratch_Chl1l.indd 181

181

attitude.... [More generally, referring to human com-
batants,] If the individual is successful a great deal
of his attack and defense must be not considered, it
must take place immediately. He must adjust himself
“instinctively” to the attitude of the other individual.
He may, of course, think it out. He may deliberately
feint in order to open up a place of attack. But a great
deal has to be without deliberation.

Of course, such “instinctive” unfolding of emotions is
not limited to battles. Imagine instead two close friends
engrossed in conversation. The speakers seem tightly
enmeshed in something like a dance. They rapidly reso-
nate to each other’s gestures, facial expressions, gaze, and
patterns of speech. Tickle-Degnen and Rosenthal (1990)
referred to this seemingly automatic attunement of posi-
tive emotional displays, gaze, and gestures as rapport and
documented a wide range of beneficial interpersonal
consequences that result from its establishment.

As these two examples suggest, such unfolding and
resonating patterns of emotional display can arise without
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conscious deliberation (Bargh, Chen, & Burrows, 1996;
Lakin, Jefferis, Cheng, & Chartrand, 2003), but they

are hardly fixed responses to external stimuli. The same

individual that smiles reflexively to the smile of a friend
may frown to the smiles of his opponent (Lanzetta &
Englis, 1989). The way such interpersonal patterns
unfold depends on a host of intra- and interpersonal
factors including the relative power of individuals in an
interaction —with weaker partners tending to mimic the
more powerful but not vice versa (Tiedens & Fragale,
2003); prior expectations—with unexpectedly positive
behaviors producing more favorable outcomes than
expected ones (Burgoon, 1983); and conformity to social
norms such as reciprocity (Roloff & Campion, 1987) or
the appropriateness of expressing negative emotions
(Adam, Shirako, & Maddux, 2010). More generally, as
discussed by Parkinson (Chapter 2, this volume), these

patterns both arise from and help to redefine an evolving
affective relationship between individuals.

Building computer programs that can engage people
in this unfolding emotional dance is a fascinating pros-
pect with potentially profound practical and scientific
consequences. In humans, such “emotional resonance”
has been argued to play a crucial role in the establish-
ment of social bonds (Tickle-Degnen & Rosenthal,

1990), in promoting or diffusing conflict (Lanzetta &
Englis, 1989), in determining the persuasiveness of
speech (Bailenson & Yee, 2005; Fuchs, 1987), and in
the establishment of identity Mead (1934). Computer
agents that engage people in this manner, on the one
hand, could enhance our understanding of this funda-
mental social process by systematically manipulating
nonverbal patterns in ways thatare difficult orimpossible
for human confederates in social science experiments,
allowing the possibility of studies that definitively estab-
lish whether such patterns cause these effects or merely
reflect them (see Bailenson, Beall, Loomis, Blascovich,
& Turk, 2004; Bente, Kraemer, Petersen, & de Ruiter,
2001; Forgas, 2007). Indeed, in this chapter we show
that synthesized patterns of nonverbal behavior do

seem to cause predicted changes in the impressions and
behaviors of human subjects in laboratory studies, and
give some insight into the factors that promote these
effects. On the other hand, assuming theses effects can
be demonstrated outside the laboratory, such emotion-
ally resonant agents could have dramatic implications
for computer-based applications to health, commerce,
and entertainment.

We argue that several challenges must be over-
come before realizing this vision: the computer must

approach a social interaction with certain goals and
expectations about the social context, it must recognize
and interpret the verbal and nonverbal cues, in real-
time, of its human interaction partner, it must rapidly
generate responses contingent on its current goals and
expectations, and it must evolve its goals and expecta-
tions of self and other, based on the unfolding interac-
tion. More importantly, success depends not on simply
overcoming these challenges, but demonstrating that
establishing such interactivity has measurable and
desirable consequences for human—computer interac-
tion (see also, Gratch, 2008, 2010).

In this chapter, we describe one line of research in
our laboratory that builds toward this vision of emo-
tionally resonant agents. We describe the Rapport
Agent, an interactive agent and methodological tool
designed to investigate the role of nonverbal patterning
in human—computer and computer-mediated interac-
tion. The Rapport Agent recognizes and reflexively
responds to certain human nonverbal cues with the aim
of establishing a sense of rapport between the human
and computer. In this sense, the system is solving a
much simpler problem than the one outlined previ-
ously: we explore a fixed mapping between nonverbal
perception and action, and ignore how these actions
and reactions alter the agent’s expectations and percep-
tion of the social interaction. Nevertheless, as we will
outline, even this simple system yields some important
insights into the social processes that govern human—
agent interaction and is a stepping stone to more com-
prehensive models of human social behavior.

As the focus of the Rapport Agent is to establish a
subjective sense of rapport in a human interaction
partner, we first outline the concept of rapport. We
next describe the basic mechanics of the system. We
then outline a series of laboratory studies and resulting
findings that give insight into how nonverbal patterns
of behavior can influence both subjective perceptions
(such as feelings of rapport or embarrassment) and
behavioral outcomes (such as speech fluency or inti-
mate self-disclosure). Finally we end with some specu-
lation on the future of such human—computer systems.

Interpersonal Rapport Between
People and Machine

Rapport is studied across a range of scientific disci-
plines for its role in fostering emotional bonds and
prosocial behavior. In their seminal article, Tickle-

6/25/2013  8:40:48 PM


https://www.researchgate.net/publication/44612642_Cultural_Variance_in_the_Interpersonal_Effects_of_Anger_in_Negotiations?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/220089615_Transformed_Social_Interaction_Decoupling_Representation_from_Behavior_and_Form_in_Collaborative_Virtual_Environments?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/220089615_Transformed_Social_Interaction_Decoupling_Representation_from_Behavior_and_Form_in_Collaborative_Virtual_Environments?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/14436241_Automaticity_of_social_behaviour_direct_effects_of_trait_construct_and_stereotype_priming_on_action?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/227189936_Computer_Animated_Movement_and_Person_Perception_Methodological_Advances_in_Nonverbal_Behavior_Research?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/227189936_Computer_Animated_Movement_and_Person_Perception_Methodological_Advances_in_Nonverbal_Behavior_Research?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/263075553_The_Chameleon_Effect_as_Social_Glue_Evidence_for_the_Evolutionary_Significance_of_Nonconscious_Mimicry?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/232461719_Expectations_of_Cooperation_and_Competition_and_Their_Effects_on_Observers'_Vicarious_Emotional_Responses?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/232461719_Expectations_of_Cooperation_and_Competition_and_Their_Effects_on_Observers'_Vicarious_Emotional_Responses?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/232461719_Expectations_of_Cooperation_and_Competition_and_Their_Effects_on_Observers'_Vicarious_Emotional_Responses?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/232461719_Expectations_of_Cooperation_and_Competition_and_Their_Effects_on_Observers'_Vicarious_Emotional_Responses?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/10857179_Power_Moves_Complementarity_in_Dominant_and_Submissive_Nonverbal_Behavior?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/10857179_Power_Moves_Complementarity_in_Dominant_and_Submissive_Nonverbal_Behavior?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/220866509_True_Emotion_vs_Social_Intentions_in_Nonverbal_Communication_Towards_a_Synthesis_for_Embodied_Conversational_Agents?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/247504139_The_Nature_of_Rapport_and_Its_Nonverbal_Correlates?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==
https://www.researchgate.net/publication/247504139_The_Nature_of_Rapport_and_Its_Nonverbal_Correlates?el=1_x_8&enrichId=rgreq-70d07465707d7911308ef8eaafb8545d-XXX&enrichSource=Y292ZXJQYWdlOzI4NjM3MTkwNDtBUzozMTU2NTM0MTg4ODEwMjRAMTQ1MjI2OTA0NzY2Ng==

@OUP UNCORRECTED PROOF — FIRSTPROOFS, Mon Jun 24 2013, NEWGEN

Degnen and Rosenthal (1990) equate rapport with
behaviors indicating positive emotions (e.g., head
nods or smiles), mutual attentiveness (e.g., mutual
gaze), and coordination (e.g., postural mimicry or
synchronized movements).! The role of rapport in
fostering effective social interaction is well estab-
lished in the field of social psychological research.
Rapport is easy to assess—observers can reliably pre-
dict whether people will report feelings of rapport by
watching their nonverbal behavior (Ambady, Bernieri,
& Richeson, 2000)—and these judgments and feel-
ings predict success in a surprising range of social
activities (Bernieri, Gillis, Davis, & Grahe, 1996).
For example, rapport is argued to underlie social

engagement (Tatar, 1997), success in teacher-student
interactions (Bernieri, 1988), success in negotiations
(Drolet & Morris, 2000), improving worker compli-

ance (Cogger, 1982), psychotherapeutic effectiveness
(Tsui & Schultz, 1985), improved test performance

in classrooms (Fuchs, 1987), and improved quality of
child care (Burns, 1984).

The power of rapport in face-to-face interaction
has served as an inspiration to researchers in human—
computer interaction, and a number of projects
have sought to endow computers with the ability to
sense and respond to human nonverbal behavior.
For example, Neuro Baby is a computer-generated
baby that analyzes speech intonation and uses the
extracted features to trigger emotional displays (Tosa,
1993). Similarly, Breazeal’s Kismet robot extracts
emotional qualities in the user’s speech (Breazeal &
Aryananda, 2002). Whenever the speech recognizer
detects a pause in the speech, the previous utterance
is classified (within 1 or 2 seconds) as indicating
approval, an attentional bid, or a prohibition, sooth-
ing or neutral. This recognition feature is combined
with Kismet’s current emotional state to determine
facial expression and head posture. Only a few sys-
tems can interject meaningful nonverbal feedback
during another’s speech, and these methods usually
rely on simple acoustic cues. For example, REA
will execute a head nod or paraverbal (e.g., “mm-
hum”) if the user pauses in midutterance (Cassell
et al., 1999). Some work has attempted to extract
extralinguistic features of a speakers’” behavior, but
not for the purpose of informing listening behaviors.
For example, Brand’s voice puppetry work attempts
to learn a mapping between acoustic features and
facial configurations, inciting a virtual puppet to
react to the speaker’s voice (Brand, 1999). Although
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there is considerable research showing the benefit
of such feedback on human-to-human interaction,
there has been almost no research on their impact
on human-to-virtual human rapport (cf. Bailenson
& Yee, 2005; Cassell & Thérisson, 1999; Schroder
etal., 2008).

The success of such technological approaches

remains an empirical question, but a more funda-
mental challenge lies in finding appropriate theo-
retical constructs to inform their design. Research
by Nass and colleagues on the “Media Equation”
(Reeves & Nass, 1996) —which illustrates that people
will often respond to computer agents as if they are
people —suggests that human—computer interactions
are governed by many of the same social processes
and norms that apply in human face-to-face interac-
tions and, by inference, that social theories could
be applied directly to the design of computational
systems. However, agents are not people. They are
far more limited in their intellectual capabilities.
They can look and behave in ways that are decidedly
unreal. And (currently) you can be certain you won'’t
bump into them in the street or worry about them
besmirching your reputation to your friends. Thus,
a central question in designing emotionally resonant
agents is whether social theories such as Rapport can
be applied directly to their design, or whether we
must develop unique theories to explain this new and
increasingly common form of social interaction.

Rapport Agent

The Rapport Agent (see Figure 11.1) is designed to
evoke subjective feelings and behavioral consequences
of rapport with human participants in a restricted set
of social interactions we refer to as quasi-monologs. In
a quasi-monolog, the human does most of the talking
and the agent primarily prompts human speech and
provides attentive listening feedback. The Rapport
Agent was originally developed to replicate findings
by Duncan and colleagues on listening behaviors
(Welji & Duncan, 2004). In their studies, a speaker
(the narrator) retells some previously observed series
of events (e.g., the events in a recently-watched video)
to some listener. In our case, the listener is a com-
puter-generated character that has been programmed
to produce (or fail to produce) the type of nonverbal
feedback we seen in rapportful conversations. More
recently, we have explored interview settings where
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FIGURE 11.1 A speaker interacting with the Rapport Agent.

the agent asks a person a series of questions and lis-
tens attentively until it is time to ask the next question
(Kang, Gratch, Wang, & Watt, 2009). By focusing on
quasi monologs, rather than richer two-way conver-

sational forms, we sidestep the current limitations in
automatic natural language processing technology:
the system produces what seems to be meaningful
feedback without having to deeply process the mean-
ing of the monolog. By changing these behaviors and
the cover story surrounding this interaction (e.g., is
the listener controlled by a computer or the behav-
ior of an actual listener?), we hope to elicit the same
correlations seen in face-to-face interaction between
nonverbal behaviors, self, and other reports of rap-
port, and social outcomes such as liking, persuasion,
and conversational fluency, as well as to unpack the
factors that govern these effects.

The central challenge for the Rapport Agent is
to generate the nonverbal listening feedback asso-
ciated with rapportful interactions. Although our
recent work has focused on how to learn to pro-
duce these behaviors automatically from examples
(Huang, Morency, & Gratch, 2010; Morency, de
Kok, & Gratch, 2008), the system we describe here
was crafted by hand from findings in the psycholin-

guistic literature showing that feelings of rapport are
correlated with simple contingent behaviors between
speaker and listener. Such feedback includes the use
of backchannel continuers (nods, elicited by speaker
prosodic cues, that signify the communication is
working), postural mirroring, and mimicry of cer-
tain head gestures, for example, gaze shifts and head

nods (Chartrand & Bargh, 1999; Ward & Tsukahara,

2000; Yngve, 1970). The Rapport Agent generates
such feedback by real-time analysis of acoustic prop-
erties of speech (detecting backchannel opportunity
points, disfluencies, questions, and loudness) and
speaker gestures (detecting head nods, shakes, gaze
shifts, and posture shifts).

Behavior of Human Listeners

The psycholinguistic literature has identified a vari-
ety of behaviors that human listeners perform when
in face-to-face conversations. Even though many lis-
tener behaviors provide feedback about the semantic
content the speaker’s speech, a large class of behav-
iors appear unrelated to specific meaning. Rather,
these behaviors seem to trigger off of nonsemantic
features of the speaker’s presentation, may precede
complete understanding of the speech content, and
are often generated without the listener or speaker’s
conscious awareness. Nonetheless, such behaviors can
significantly influence the flow of a conversation and
the impressions and feelings of the participants. Here
we review some of these behaviors, the circumstances
that trigger their production, and their hypothesized
influence on the interaction.

Backchannel Continuers

Listeners frequently nod and utter paraverbals such
as “uh-huh” and “mm-hmm” as someone is speak-
ing. Within the psycholinguistic literature, such
behaviors are referred to as backchannel continu-
ers and are considered as a signal to the speaker that
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the communication is working and that they should
continue speaking (Yngve, 1970). Several researchers
have developed models to predict when such feedback
occurs. Cathcart etal. (2003) propose a model based on
pause duration and trigram part-of-speech frequency.
According to the model of Ward and T'sukahara (2000),
backchannel continuers are associated with a lowering
of pitch over some interval. Cassell (2000) argues that
head nods could result from the raised voice of the
speaker. The approaches of Ward and Cassell are more
amenable to a real-time treatment as they are based
purely on simple properties of the audio signal.

Disfluency

Spoken language often contains repetition, spurious
words, pauses, and filled pauses (e.g., ehm, um, un).
Such disfluency is viewed as a signal to the listener
that the speaker is experiencing processing problems
or experiencing high cognitive load (Clark & Wasow,
1998) and frequently elicit “take your time” feed-
back from the listener (Ward & Tsukahara, 2000).
According to our own video analysis, rather than nod

or utter sounds as in backchannel continuers, listeners
tended to perform posture shifts, gaze shifts, or frowns
in response to disfluency. The presumed meaning of
such a posture shift is that the listener is telling the
speaker to take his time (Cassell, 2000).

Mimicry

Listeners often mimic behavior of a speaker during a
conversation. Although they are not necessarily aware of
doing it, people in a conversation will adjust the rhythm
of speech, their body posture, and even their breathing
to each other (Lakin et al., 2003; McFarland, 2001;
Warner, 1996). Mimicry, when not exaggerated to the

point of mocking, has a variety of positive influences on
the interactants. Speakers who are mimicked are more
helpful and generous toward the listener (Van baaren,
Holland, Kawakami, & Knippenberg, 2004). Mimicry
can result in the perception of a pleasant, natural con-
versation (Warner, Malloy, Schneider, Kooth, & Wilder,
1987). It may also be important in synchronizing con-

versational flow, for example, by providing expectations
on when a speaker can be interrupted. Given such influ-
ences, many of the agent’s listening behaviors should
mimic aspects of the speaker’s behavior.

One salient speaker behavior is shifts in posture.
When a speaker shifts her posture, for example, by
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changing her weight distribution from one leg to
another, or by folding her arms, this is often mirrored by
the listener. Such posture shifts, both for speakers and
listeners, tend to occur at discourse segment boundar-
ies and may function to help manage such transitions
(Cassell, Nakano, Bickmore, Sidner, & Rich, 2001).
When present, such mimicry has been shown to posi-

tively influence the emotional state of the speaker (Van
baaren et al., 2004). Gaze is also an important aspect
of a speaker’s behavior. Speakers will often gaze away
from the listener; for example, when mentioning a con-
crete object within his vicinity, he will often look at it.
Listeners will frequently mimic the head gestures of a
speaker also. If a speaker shakes or nods his head, listen-
ers may repeat this gesture. Although this may simply
reflect an understanding and agreement with the speak-
er’s utterance, many of us have probably been in conver-
sations where such gestures were produced without any
real understanding. In any event, an agent can easily
mimic such gestures without explicit understanding.

Other External Influences

Many factors may influence the occurrence of gestures
duringa conversation. For example, listeners frequently
mimic the facial expression of speakers, and this appar-
ently plays an important role in the perception of
empathy (Sonnby-Borgstrom, Jonsson, & Svensson,

2003). Individuals also differ in their response to the
same speech based on a variety of dispositional and sit-
uational factors. There are people who almost do not
gesture at all, and there are people who gesture like it
is a workout. Often, this is related to the speaker’s emo-
tions during the conversation. For example, people
tend to gesture more when excited and less when sad.
Also, the relation of the two people is of importance.
People tend to gesture remarkably more when they talk
to a friend than when they are talking to a complete
stranger (Welji & Duncan, 2004).

Behavior of the Rapport Agent

From this literature we extract a small number of
simple rules that the Rapport Agent could possibly
utilize to drive its behavior. The mapping presented
here (summarized in Table 11.1) is not a complete
coverage of all gestures that at all times are accom-
panied by the certain speech features, but could be
sufficient to increase the perceived authenticity of the
conversation.
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TABLE 11.1 Rapport Agent Behavior Mapping

Human speaker behavior Rapport Agent response

Lowering of pitch Head nod

Raised loudness Head nod
Speech disfluency Posture/gaze shift
Shift posture Mimic

Gaze away Mimic

Head nod/head shake Mimic

Real-Time Classification of Speaker Behavior

To produce listening behaviors, the Rapport Agent
first collects and analyzes the speaker’s upper-body
movements and voice to detect the features listed in
Table 11.2.

We implement the behavior rules listed in the
previous section by detecting the various implicated
aspects of the speaker’s behavior. As such listening
behaviors occur within utterances, this imposes strong
real-time requirements on what features can be reason-
ably extracted given the limits of current technology.
Here we describe the implementation of feature detec-
tors that support the behavioral rules.

Participant physical movements are recognized and
tracked using computer vision techniques. The current ver-
sion of the Rapport Agent is limited to tracking the motion
of the speaker’s head (see Huang, Morency, & Gratch,
2011, for more recent developments). Specifically, we use
Watson, developed by Louis-Philippe Morency, an image-
based tracking library that uses sterco images to track the
participants’ head position and orientation (Morency,
Sidner, Lee, & Darrell, 2005). Watson also incorporates
learned motion classifiers that detect head nods and

shakes from a vector of head velocities. Other features are
derived from the position and orientation of participant’s
head (filtered to reduce the impact of noise). For example,
from the head position, given the participant is seated in a
fixed chair, we can infer the posture of the spine.

From the speech signal, we extract a variety of “par-
alinguistic” features (i.c., features of the voice signal
other than the meaning of the words). This includes

such features as vocal pitch and then intensity of the
speech signal (the Rapport Agent ignores the semantic
content of the speaker’s speech), using a signal process-
ing package, Laun, developed by Mathieu Morales
(Lamothe & Morales, 2006). Features include silent/
normal/loud speech (derived from signal intensity)
and “backchannel opportunity points” (pitch contours
that are associated with listener feedback), derived
using the approach of Ward and Tsukahara (2000). In
addition, we approximately segment the audio signal
into separate utterances based on silences and attempt
to detect some features that hold across the utterance
including pitch range (positive affect is often associ-
ated with wider pitch range).

Behavior Mapping

Recognized speaker features are mapped into listening
behaviors through a set of authorable mapping rules.
The language is based on five primitives:

o Each participant in the interaction is described
by an agent. Agents consist of a set of actions,
states, animations, and reactions. For the discus-
sion that follows, we will assume two agents: the
agent that represents the human speaker and the
agent that represent the Rapport Agent listener.

o Actions represent discrete behavioral events that
can be generated by an agent. These can consist
of the detectable features of human behavior
(Table 11.2) or arbitrary behavior outputs of the
Rapport Agent.

o States describe characteristics of an agent
that can persist over time. Typically, states are
asserted as consequences of actions (e.g., after
detecting LeanLeft, the speaker is in the state of
Leaningleft). States can be constrained logically
(e.g., the speaker cannot be simultaneously speak-
ing and silent) and temporally (e.g., to ensure an
agent stays in some state for some period of time).

o Animations are physical behaviors described in
the Behavior Markup Language (BML) (Kopp

TABLE 11.2 Rapport Agent Detected Speaker Features

Motion features Vocal features

Gestures Nod, shake Intensity Silent, normal, loud
Head roll Upright, lean left, lean right Range Wide, narrow

Gaze Straight, up, down, left, right Others Backchannel opportunity
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et al., 2006) that can be associated with agent
actions. For example, a backchannel continuer
might be associated with a nod animation.
Reactions map from an action in one agent to an
action in another agent. The mapping is condi-
tional on the current state of one or more agents
and can map, probabilistically, to one of a set of
other actions.

Typically, reactions map actions of the speaker to
actions by the Rapport Agent. For example, if Laun detects
a backchannel opportunity point in the speaker, this
could cause the Rapport Agent to react with a Nod with
probability 0.6 or GazeUp with probability 0.2, assum-
ing the Rapport Agent is in the state of GazingForward.
The framework, however, can support more general set-
tings. For example, one could define mapping rules for
multiparty settings (e.g., multiple speakers or multiple
listening agents). Alternatively, one could transform the
behavior of a human listener into some, perhaps altered,
animated behavior (Bailenson et al., 2004).

Animation

Rapport Agent animation commands are passed to the
SmartBody animation system (Kallmann & Marsella,
2005; Thiebaux, Marshall, Marsella, & Kallmann,
2008). This is a virtual human animation system
designed to seamlessly blend animations and proce-
dural behaviors. These animations are rendered in the
Unreal Tournament™ game engine and displayed to the
Speaker.

System Architecture

The Rapport Agent has an open modular architecture
that facilitates the incorporation of different feature
detectors and animation systems, and has an easily
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authored mapping between features and behavior. The
behavior mapping language incorporates contextual
features, probabilistic responses, and some control over
the temporal dynamics of behavior. We used a vision-
based tracker and set the setting to a seated interaction
with a life-sized image of a character’s head displayed
on a computer monitor. Figure 11.2 illustrates the
basic outlines of the Rapport Agent architecture.

As we are simultaneously recognizing features from
multiple channels (head, body and speech), and listen-
ing behaviors have some duration, it is possible that a
listening behavior will be proposed that overlaps with
a currently executing behavior. This could easily result
in unnatural behavior.

We use a synchronization module to solve this prob-
lem. This module parses messages on the communica-
tion bus and determines if the message is intended for
the agent and which type of gesture is contained in the
command. Once this parsing has been done, the func-
tion accompanying that type of gesture can be called.
This function determines whether a previous gesture is
still performing, and when this is not the case, a mes-
sage is created, which is to be sent to the agent. The
module also incorporates a flexible behavior mapping
allowing designers to easily experiment with alterna-
tive mappings between classes of listening behaviors
and their physical manifestation.

Empirical Findings

The Rapport Agent exhibits some of the nonverbal
resonances that occurs in natural conversation, but are
people influenced by computer-generated behaviors?
In a series of empirical studies (which we will discuss
below), we have used the Rapport Agent as method-
ological tool to explore such questions about the role of
nonverbal behaviors in human and human—computer

Stereo stereo head moves &
- » Watson »
/ Camera images body poses
Response
\ Liftag- a}ldlo » Laun - »
phone signal voice features
v\ BML
A
» Unreal joint Sty
Tournament angles
]

FIGURE 11.2 Rapport Agent architecture.
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interaction. For example, we can demonstrate that such
synthetic resonant behaviors alter participant feelings,
impressions, and behavior, and that the strength of such
effects are mediated by the same factors of positivity,
contingency, and mutual attention that Tickle-Degnen
and Rosenthal have posited for face-to-face interactions
between people. Further, as posed by Nass and Reeves
in their media equation (Reeves & Nass, 1996), such
effects seem to occur even when participants know that
such behaviors are “merely” produced by a computer.

In the remainder of this chapter, we outline the
basic experimental paradigm by which we explore such
questions and then summarize the findings of several
studies. We highlight different aspects of these findings.
First, we describe the consequences, subjective and
behavioral, that such contingent nonverbal behaviors
have on human participants. Next, we discuss some of
the factors that seem to mediate these effects. These
include properties of the agent’s behavior, dispositional
factors on the part of participants, and situational fac-
tors surrounding the interaction such as if participants
believe they are interaction with another participant or
a computer program.

Experimental Paradigm

As discussed above, our experiments largely follow the
quasi-monolog paradigm of Welji and Duncan (Welji
& Duncan, 2004). As illustrated in Figure 11.3, human
participants sit in front of the Rapport Agent and are
prompted (either by the experimenter or by the agent
itself) to retell some previously experienced situation.
This situation might be a controlled experimental stim-
ulus: in one series of experiments, participants watch a
short cartoon or a video on sexual harassment and then
are instructed to retell it to the agent in as much detail as
possible. Alternatively, the situation might draw on real-
life experience: in another series of studies, the Rapport
Agent, by playing a prerecorded animation sequence,
“asks” the participant a sequence of increasingly inti-
mate questions. In either situation, the agent displays
some form of nonverbal feedback while the participant
speaks, with the exact nature of the feedback being dic-
tated by the specific experimental manipulation.

In this paradigm, participant rapport is assessed
through a variety of subjective and behavioral mea-
sures. Subjective measures include scales assessing
rapport, social presence (Biocca & Harms, 2002), help-
fulness, distraction, and naturalness. Behavioral mea-
sures include the length people speak (as a measure

of engagement), the fluency of their speech (e.g., how
many repeated words, broken words, and filled pauses
per minute), the intimacy of their disclosure, the facial
expressions produced, and amount of mutual gaze.
Behavioral measures are assessed through a mixture
of automatic annotation techniques and hand annota-
tions by multiple coders.

Part of the power of this paradigm is that we can sys-
tematically manipulate aspects of the Rapport Agent’s
appearance and nonverbal behavior. For example,
Figure 11.3 (from Gratch, Wang, Gerten, & Fast,
2007) illustrates a study that examined the impact of
appearance (human vs. computer-generated human),
behavior (human-generated vs. computer-generated),
and contingency (carefully timed vs. random listener
feedback). Going clockwise in this figure from the upper
left, this experiment compared face-to-face interaction
(in which a visible human participant displayed natural
listening behaviors), the Rapport Agent (which exhib-
ited computer-generated behavior and appearance),
a noncontingent version of the Rapport Agent (which
exhibited behaviors identical to the Rapport Agent in
terms of their frequency and dynamics, but not contin-
gent on the behaviors of the speaker), and a “mediated
agent” (in which a real participant’s listening behaviors
were displayed on a computer-generated avatar).

Social Effects of the Rapport Agent

The picture emerging from a series of studies is that
the Rapport Agent elicits beneficial social effects from
human participants similar to what can be found in rap-
portful face-to-face interactions. Further, these benefits
seem to depend on the nonverbal resonances produced
by the Rapport Agent, and speaker impressions and
behavior degrade when these behaviors are absent.

The presence of contingent nonverbal feedback
changes participants’ feelings about themselves, the
agent, and the quality of their interaction. Subjective
effects include:

o Greater feelings of self-efficacy (Kang, Gratch,
Wang, & Watt, 2008b)

o Less tension (Wang & Gratch, 2010) and less
embarrassment (Kang, Gratch, Wang, & Watt,
2008b)

o Greater feelings of rapport (Wang & Gratch,
2010)

o A greater sense of mutual awareness (von der
Piitten, Krimer, & Gratch, 2009)
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Face-to-face condition Contingent agent condition
Rapport
4 Agent
Microphone -~
Q Q O Agent

Listener - Cameras - Speaker Confederate Avatar Speaker

Mediated condition Noncontingent agent condition
Speaker Listener Confederate Prerecorded
Listener Video  Avatar Speaker Avatar Speaker

FIGURE 11.3 Graphical depiction of the four conditions. The actual face-to-face condition is
illustrated on the lower left, and the setup for the other three conditions on the lower right.

o Greater feelings of trustworthiness on the part of
the agent (Kang, Gratch, Wang, & Watt, 2008b)

The contingent nonverbal feedback of the rapport
agent also changes participants’ behavior. Behavioral
effects include:

More disclosure of information, including lon-
ger interaction times and more words elicited
(Gratch et al., 2006, 2007; von der Piitten et al.,
2009; Wang & Gratch, 2010)

More fluent speech (Gratch etal., 2006, 2007; von
der Piitten et al., 2009; Wang & Gratch, 2010)
More mutual gaze (Wang & Gratch, 2010)
Fewer negative facial expressions (Wang &
Gratch, 2009b)

Factors That Influence These Effects

One focus of our empirical research has been directed
at illuminating factors that mediate or moderate the
observed social effects of the Rapport Agent, and more
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generally, explore the validity of alternative theoreti-
cal constructs for interpreting these results and guid-
ing future agent design. We organize this discussion
into three basic questions. First, what properties of the
Rapport Agent are necessary or sufficient for promot-
ing rapport? Second, what characteristics of people
lead them to be more or less influenced by the agent’s
behavior? Finally, we consider the more general ques-
tion of the usefulness of social psychological theory
(which was developed to explain human-to-human
interaction) as a framework for guiding the design of
computer systems. Blascovich (Chapter 3, this vol-
ume) suggests that interactions might unfold very dif-
ferently depending on whether people believe they are
interacting with computers or through computers (i.c.,
the Rapport Agent might have different social effects
depending on if participants believed its behavior
was generated by a computer or if they believed the
behavior corresponded to the movements of an actual
human listener). This last question, depending on the
answer, could have profound effects for the value of
interdisciplinary research on social artifacts.
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Characteristics of the Agent That Impact Rapport

If we adopt the former perspective and apply social
psychological theory directly, Tickle-Degnen and
Rosenthal’s theory argues that three broad character-
istic of agent behavior should promote the establish-
ment of rapport between participants and the Rapport
Agent. These factors include positivity, meaning that
rapport will be enhanced by positive nonverbal cues,
including positive facial expressions and encouraging
feedback such as head nods; coordination, meaning
that rapport will increase as the behavior of one par-
ticipant is perceived as contingent upon (i.e., causally
related to) the behavior of the other; and mutual atten-
tiveness, meaning that rapport will increase as partici-
pants attend to each other nonverbally, for example,
through mutual gaze. Thus, our empirical studies have
sought to manipulate these factors independently and
observe their impact on rapport.

Positivity

In face-to-face conversations, positivity is conveyed
through a variety of nonverbal signals such as facial
expressions and head nods. To explore the impact of
positivity, we have operationalized this dimension in
terms of the presence or absence of head nods gener-
ated by the Rapport Agent. Although we have yet to
manipulate facial expressions (due to technical chal-
lenges in producing these at natural points in conver-
sation), we have examined the relationship between
participants’ expressions and their perceptions of
rapport.

Our findings illustrate that the presence of listener
nods significantly enhances feelings and behavioral
manifestations of rapport (Wang & Gratch, 2010).
The strength of this effect seems moderated by the per-

ceived contingency of the nods (Kang, Gratch, Wang,
& Watt, 2008b) and dispositional factors (Piitten,
Krimer, Gratch, & Kang, 2010) as will be discussed.
We also explored whether participant facial expres-

sions could be indicators of rapport, specifically via
communicating positivity (Wang & Gratch, 2009b).
We looked at participants’ facial expressions, which

were analyzed using the Facial Action Coding System
and the Computer Expression Recognition Toolbox
(see Whitehill, Bartlett, and Movellan, Chapter 6, this
volume). In both of human-to-human and human-to-
virtual human (Rapport Agent) interactions, more
positive facial expressions were associated with greater

rapport. Collectively, these findings are in line with
Tickle-Degnen and Rosenthal’s predictions.

Coordination

Coordination occurs when two participants’ behaviors
are mutually related in a timely and positive manner.
Within the Rapport Agent, we have operationalized
this factor by manipulating whether behaviors (such
as nods or posture shifts) were generated in response
to the participant’s behavior (a coordinated condition)
or in response to some unrelated factor (an uncoordi-
nated condition). For example, in one study, we would
create noncontingent behavior by showing a partici-
pant the same nonverbal behavior that was generated
for the previous participant. This manipulation only
breaks contingency while ensuring a similar frequency
and distribution of behaviors are generated.

Opverall, participants exhibit more subjective and
behavior characteristics of rapport when coordination
is present. For example, breaking the contingency of
nonverbal feedback leads participants to talk less and
produced more disfluent speech (Gratch et al., 2007).
These effects were especially strong in participants
who scored high in a scale of social anxiety as such
participants, in addition to these behavioral effects,
feel less subjective rapport and greater embarrassment
(Kang, Gratch, Wang, & Watt, 2008b). We further
explored the effects of coordination on learning (Wang
& Gratch, 2009a). We hypothesized that contingent
feedback would be perceived as helpful and can help

students learn better. The learning task of users was sto-
rytelling interactions also used in other studies (Gratch
etal.,, 2007; Kang et al., 2008a, 2008b]. We found that

users reported higher rapport with the contingent feed-

back than the noncontingent one. We also discovered
that rapport helped users” interaction and enhanced
their self-performance, which improved learning gains.
Collectively, these findings are in line with Tickle-
Degnen and Rosenthal’s predictions.

Mutual Attentiveness

Mutual attentiveness occurs in a conversation when
both participants attend closely to each other’s words or
movements. In our empirical research, we have opera-
tionalized this concept in terms of gaze —for example,
are participants looking at each other during a conver-
sation? Prior research in gaze suggests there should be
a curvilinear relationship between gaze and feelings of
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rapport. In other words, continuously staring at another
person or completely avoiding his or her gaze would
tend to be disruptive, but, short of these extremes, rap-
port should be enhanced by more visual attention.

Consistent with this, we found a similar curvilinear
relationship between gaze and rapport. For example, an
agent that continuously gazed at the participant with-
out companying other timely positive gestures caused
more distractions, less rapport, and more speech disflu-
ency in storytelling interaction (Ning & Gratch, 2010).
Similarly, an agent that failed to maintain gaze with
the participant was equally disruptive. Collectively,
these findings are in line with Tickle-Degnen and
Rosenthal’s predictions.

Characteristics of Participants That Impact Rapport

The previous studies and findings emphasized the
impact of differences in the agent’s behavior, but
numerous social psychological studies emphasize that
the trajectory of a social interaction is heavily shaped by
the “baggage” people bring to a situation. In human-to-
human interactions, people who are extroverted will
more easily establish rapport than introverts, and we
might expect that these dispositional tendencies will
carry over into interactions with the Rapport Agent.
Indeed, in a series of studies we have found that dispo-
sitional factors shape interactions with virtual humans
in a similar manner to their influence in face-to-face
interactions between people.

From the social science literature, we would
expect that several dispositional traits might moder-
ate the Rapport Agent’s social impact. Broad per-
sonality dimensions, such as the “Big Five” (Costa
& McCrae, 1992) —that is, extraversion, agreeable-
ness, openness, conscientiousness, and neuroti-
cism—influence many aspects of social behavior,
and previous research illustrates that such effects
can carry over to virtual interactions (Bickmore,
Gruber, & Picard, 2005; Yee, Harris, Jabon, &
Bailenson, 2010, in press). More specific person-

ality traits also seem relevant to the study of rap-
port. For example, we might expect the impact of
the Rapport Agent’s nonverbal behavior to depend
on participants” public self-consciousness (Scheier
& Carver, 1985), which refers to their sensitivity to
attend to the actions of others and adjust their own
behavior to create favorable impressions. Rapport
can also be impacted by one’s tendency to be anx-
ious in social situations: talking with a stranger (or
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an even stranger virtual human) can be threatening,
and people vary in their tendency to react fearfully
to novel social situations. Thus, measures such as
shyness or social anxiety may illuminate mecha-
nisms that underlie the impact of virtual humans
(Cheek, 1983).

Indeed, several dispositional factors have been found
to influence the effectiveness of the Rapport Agent.
With respect to the Big Five, extroversion and agree-
ableness influence interactions in ways that are consis-
tent with their impact in human-to-human interactions.
Extroverts tend to talk more, and more fluently, and feel
better about their interaction, and similar findings hold
for participants who score high in agreeableness (Kang,
Gratch, Wang, & Watts, 2008a; von der Piitten, Kriimer,
& Gratch, 2010). Social anxiety also plays a moderat-
ing role: interestingly, we found dispositionally anxious
subjects felt more trust toward the Rapport Agent than
in their interactions with human conversational partners
(Kang, Gratch, Wang, & Watt, 2008b).

Dispositional factors don’t uniquely determine

the outcome of a social interaction but, rather, inter-
act with aspects the situation. For example, someone
who is confident in social situations might perform
well regardless of the behavior of his or her conversa-
tional partner. However, someone who is less secure
might seek constant reassurance by carefully moni-
toring his or her partner’s nonverbal feedback: if this
feedback is positive, he or she may perform well and
report positive feelings; if this feedback is negative,
the opposite may occur. We see similar interaction
effects in our data (Kang, Gratch, Wang, & Watt,
2008a). For example, extroverts seem insensitive to

manipulations that impact the quality of the Rapport
Agent’s nonverbal feedback, whereas participants
who score high in social anxiety are quite disrupted
by negative feedback (such as that produced by the
noncontingent agent). We found that people hav-
ing greater social anxiety felt less rapport and more
embarrassment, and exhibited worse performance
(e.g., more disfluent speech) when presented with
noncontingent feedback.

Overall, our studies suggest that both agent behav-
ior and dispositional factors interact to determine the
overall quality of an experience with a virtual human.
Further, these effects are largely consistent with predic-
tions from the social psychological literature on human-
to-human interactions. However, virtual humans are
clearly different from people in many respects, and we
now turn to turn to theoretical predictions that suggest
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these differences can profoundly shape the nature of
human interactions with such technological artifacts.

Media Effects

The previous findings suggest that a social psychologi-
cal theory such as rapport has some explanatory value
in predicting how behaviors of an artificial agent will
influence human subjective impressions and behav-
ior. However, there are many important differences
between humans and virtual humans, and some theo-
retical perspectives argue that these differences are
crucial in determining the trajectory of a human/vir-
tual human interaction. In Chapter 3 of this volume,
Blascovich describes the threshold model of social
influence within digital immersive virtual environ-
ments, which posits that a number of “media factors”
can promote or disrupt the applicability of standard
social psychological findings to virtual settings. For
example, agency refers to the “perceived human sen-
tience” (meaning the attribution of consciousness and
free will) of a human-appearing agent. In the context
of the Rapport Agent, agency would refer to whether
participants believed the Rapport Agent’s listening
behavior corresponded to the actual movements of a
sentient human participant in another room (i.e., that
the Rapport Agent was an avatar of another partici-
pant) or whether they believed they were generated by
a computer agent. The threshold model predicts that
social effects of the Rapport Agent will be moderated
by agency attributions. Numerous studies by different
research groups show that people react socially toward
both forms of representations—agents and avatars (c.f.,
e.g., Bailenson, Blascovich, Beall, & Loomis, 2004;
Bickmore, Gruber, & Picard, 2005; Cassell et al.,
2001; Gratch, Wang, Gerten, Fast, & Duffy, 2007;
Krimer, Iurgel, & Bente, 2005; Nass, Moon, Morkes,
Kim, & Fogg, 1997; Reeves & Nass, 1996; see Krimer,
2008, for an overview). However, it is still unclear

whether people react in the same way toward agents
and avatars.

We investigated whether users” belief in interact-
ing with either an avatar (a virtual representation of
a human) or an agent (autonomous virtual person)
leads to different social effects in self-disclosure inter-
view interaction (von der Piiten et al., 2010). We spe-
cifically tested two dominant models of social effects
in human-agent interaction: the threshold model
of social influence and Nass’ Ethopoeia concept.
According to the threshold model of social influence

(Blascovich et al., 2002), the social influence of real
persons who are represented by avatars will always
be high, whereas the influence of an artificial entity
depends on the realism of its behavior. Conversely, the
Ethopoeia concept (Nass & Moon, 2000) predicts that
automatic social reactions are triggered by situations
as soon as they include social cues. We found that the
outcome did not demonstrate a significant difference
in users’” perception of agency between an agent and
an avatar. On the other hand, manipulating the pres-
ence of social cues (i.e., the presence or absence of
positive, contingent feedback on the part of the agent)
significantly influenced users’ subjective experience as
well as their actual behavior: Users experienced more
feelings of mutual awareness with their partner and
revealed more information in the interaction when
social cues of rapport were present. This outcome sup-
ports the assumption that “the more computers pres-
ent characteristics that are associated with humans, the
more likely they are to elicit social behavior” (Nass &
Moon, 2000, p. 97). Like in face-to-face interactions,
the evaluation of people is first and foremost depen-
dent on what agents do—even if it is merely subtle
differences in nonverbal behavior. In conclusion, the
Ethopoeia concept by Nass and colleagues is more
suitable as an approach to explain the social effects we
found than the threshold model of social influences by
Blascovich and colleagues.

Discussion and Conclusion

Across a wide range of studies, we have consistently
shown that simple nonverbal cues on the part of a
computer program can provoke a wide range of ben-
eficial subjective and behavioral outcomes. Overall,
our studies and related findings add further evidence
that the nonverbal behavior of embodied virtual agents
influences the behavior of the humans who interact
with them in ways that are consistent with psychologi-
cal findings on human-to-human interaction. Further,
these effects increase as a virtual agent exhibits more
human-like behavioral characteristics. More specifi-
cally, studies support Tickle-Degnen and Rosenthal’s
claims that rapport is promoted by social behavioral
cues that are positive and contingent and convey
mutual attention, and that these effects are moderated
by personality traits of the human user. Interestingly,
participant’s belief as to whether he or she was interact-
ing with another human or a computer program did
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not have much effect, reinforcing claims by Nass and
colleagues that computer programs will produce social
effects to the extent that they incorporate human-like
social cues, and reinforcing the validity of using social
psychological theory to inform agent design.

Despite the apparent success of the rapport agent,
one should be cautious before concluding that people
will always be so easily manipulated by simple nonver-
bal behaviors. According to the social inference taxon-
omy presented in the introductory chapter of this book
(see Figure 3of the Introduction), the Rapport Agent is
leveraging social reactivity (i.e., certain behaviors such
as nods or smiles might trigger automatic responses in
participants) and simple social inference (i.e., by giving
certain expressive behaviors at the right time, the partic-
ipant is—via some process such as reverse appraisal —
attributing mental state to the agent even if this state is
an illusion) but is otherwise limited. Our experimen-
tal settings (storytelling and interviews) are, by design,
simple for agents to navigate. The Rapport Agent con-
veys understanding without actual understanding, a
behavior that most of us have engaged in from time to
time (for example, when carrying on a conversation in
a unfamiliar language or in a noisy room), but such a
charade only goes so far before it ends in embarrass-
ment. For example, in a similar storytelling paradigm,
Janet Bavelas illustrated that “generic” feedback (simi-
lar to what the Rapport Agent provides) is easy to pro-
duce without actually attending to the meaning of a
conversation—she had participants listen while solv-
ing complex mathematical problems—but at certain
points speakers need more meaningful “specific” feed-
back. Bavelas et al. (2000) found that when speakers
were telling personally emotional stories, they expected

emotional feedback at key dramatic moments. When
they failed to receive it, they felt embarrassment and
had difficulty proceeding with their story. The inability
for the Rapport Agent to produce meaningful feedback
is a clear limitation, and its mindless feedback can eas-
ily backfire if participants realize its true nature.

Part of our research can be seen as pushing the
boundary of just how far one can go with simple con-
tingent feedback. Our early studies explored “safe” and
impersonal content such as Tweety and Sylvester car-
toons. We subsequently examine the more daring con-
tent such as sexual harassment. Most recently, we've
been asking people to elicit very personal information
such as their greatest disappointments. At each stage
we continue to show robust subjective and behavioral
effects of contingent positive feedback; however, we
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must be careful before concluding that the agent is
performing well. What we’ve shown is that the agent
performs about as well as one would when discuss-
ing personal matters with a stranger (something many
people feel is a stressful experience) and better than
an agent that provides no or negative feedback. While
important, this is a low bar, and much can be done to
improve the performance and effects of such agents.

Recently, we've been speculating that rapport can be
conceptualized as a phenomenon occurring on three
levels: the emotional, the behavioral, and the cognitive.
Emotionally, rapport is an inherently rewarding expe-
rience; we feel liking, emotional support, and accep-
tance. Cognitively, we share an understanding with our
conversation partner; there is a convergence of beliefs or
views, a bridging of ideas or perspectives. Behaviorally
(or interactionally), there is a convergence of move-
ments with our conversational partner; observers report
increased synchrony, fluidity, and coordination in part-
ners’ movements. We argue that the Rapport Agent pro-
duces effects at each of these levels (people feel liking
and support; they believe they are understood; they rec-
ognize that their partner is in sync with their behavior),
but only the behavioral level is truly implemented.

At the cognitive level, agent head nods merely cre-
ate the illusion of mutual understanding. According
to theories of conversational grounding, speakers in a
conversation expect frequent and incremental feedback
from listeners that their communication is understood
(Nakano, Reinstein, Stocky, & Cassell, 2003; Traum,
1994). When listeners provide grounding feedback,

speech can proceed fluently and presumably with a
greater sense of rapport. Such feedback often takes the
form of nods, such as produced by the Rapport Agent,
and presumably speakers are (incorrectly) interpret-
ing these nods as grounding cues. This illusion can be
maintained to an extent, but as Bavelas” example above
illustrates, it will eventually backfire and lead partici-
pants to view such feedback with suspicion. If we want
to create true rapport, a major challenge in creating true
rapport is how to recognize and respond meaningfully to
a speaker with the rapidity seen in human dyads. Indeed,
recent research in dialogue systems is making progress
in this direction (Sagae, DeVault, & Traum, 2010).

At the emotional level, agent head nods are likely

creating the illusion of empathy and emotional sup-
port. When a participant tells a positive story, as in a
Tweety and Sylvester cartoon, this illusion is easily
maintained. However, when participants are relat-
ing their fears and disappointments, they expect
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corresponding expressions of sympathy or empathy on
the part of their conversational partner: when someone
has just revealed that he or she was sexually abused,
simply nodding doesn’t cut it and will likely backfire.
If we want to create “real” rapport, a system must not
only extract meaning from a participant’s speech (a
prerequisite of the cognitive level or rapport) but also
exhibit coherent and supportive emotional reactions to
this content. Our earlier chapter on EMA (Chapter 4)
illustrates how such emotional reactions could be cal-
culated, and current efforts are aimed at integrating
appraisal with the low-level behavioral feedback pro-
duced by that Rapport Agent.

Conclusion

In this book, we have argued that the study of human
emotion both informs and is informed by compu-
tational methods, and the Rapport Agent is a vivid
example of this relationship. By starting with a psy-
chological theory of social processes (in this case the
theory of rapport by Tickle-Degnen and Rosenthal),
we are able to construct a social artifact that instanti-
ates the theory. The resulting artifact then becomes
a means for testing the theory. According to rapport
theory, simple contingent behaviors could produce
feelings of mutual understanding and connectedness,
and more effective social interactions. But the causal-
ity of this theory is hard to confirm. Are these contin-
gent behaviors causes or consequences of successful
social interactions? Artifacts like the Rapport Agent
provide the means to experimentally tease apart
these factors in ways that avoid the disadvantages and
potential confounds introduced by human confeder-
ates. In this chapter, we outlined a series of studies
that demonstrate that, indeed, contingent behaviors
cause rapport. Thus, social theory has allowed us to
build a better computer and return the favor through
experimental support for theory. This is a true part-
nership between the social and computational sci-
ences of social emotions.

Note

1. Although we adopt the terminology and definitions
of Tickle-Degnen and Rosenthal, the
patterning seen in rapport is closely related to a number of
social science concepts including interpersonal sensitivity
(Hall & Bernieri, 2001), social glue (Lakin et al., 2003),
interactional synchrony ( Bernieri & Rosenthal, 1991),

nonverbal

behavioral mimicry (Chartrand & Bargh, 1999), back-
channeling (Yngve, 1970), and interpersonal adaptation
(Burgoon, Stern, & Dillman, 1995).
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