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Attentional Gestures in Dialogues
between People and Robots

Candace Sidner and Christopher Lee

Abstract

Attentional gestures in dialogues provide criticaés to the focus of attention of the participants
in the dialogues. Attentional gestures are evideotdhe engagement process by which
participants start, maintain and end their perceivednection to one another. This article
investigates engagement and gestures that indingegement. It then applies these concepts to
the development of a humanoid robot that conversds avituman participant. Evaluations of
conversations between people and the robot consideaftects of looking and nodding gestures.

6.1 Introduction

Gestures are fundamental to human interaction. Wheple are face-to-face at near or even far
distance, they gesture to one another as a meacenuhunicating their beliefs, intentions and
desires. When too far apart or in too noisy an envivent to converse, gestures can suffice, but in
most human face-to-face encounters, conversation estdrg co-occur. According to the claims
of (McNeill, 2002), they are tightly intertwined ihuman cognition. However cognitively
entangled, people gesture freely, and the purpost#®wseé gestures are fundamental to our work
on human robot interaction.

Some gestures, especially those using the hands,dpr@émantic content; these gestures
supplement the content of utterances in which the gestoccur (Cassell, 2000). However,
some gestures indicate how the conversation is progeadohhow engaged the participants are in
it. Attentional gestures are those that involveking with head movements and eye gaze, and
those involving body stance and position. Hand gestiby speakers also can be used to direct
attention toward the gesture itself (Goodwin, 1981All these gestures convey what the
participants are or should be paying attention tohe function of these gestures is distinguished
by their role in the ongoing interaction. Noddigestures also can indicate that the participants
are paying attention to one another. Noddjngunds (Clark 1996) previous comments from the
other speaker, while looking conveys attention foatis coming.

We call these attentional gestures "engagement mkavthat is, those behaviors by which
interlocutors start, maintain and end their perceisadnection to one another. The process by
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which conversational participants undertake to a&hig¢his connection is the process of
engagement. These behaviors indicate how each participant nderaking their perceived
connection to one another. They also convey whetieparticipants intend to continue their
perceived connection. Of course, linguistic gest(ilest is, talking) are a significant signal of
engagement. However, linguistic and non-linguiséistgres of engagement must be coordinated
during face-to-face interactions. For example, akpes ongoing talk while he or she looks
away from the hearer(s) into blank space for a lamg tonveys contradictory information about
his or her connection to the hearer; she's talking doesn't appear interested. While other
researchers, notably Clark and his students, have bmeesstigating how conversational
participants come to share common ground, and hawmsideyed some aspects of non-verbal
gesture in that light, the overall problem of hoartftipants come to the attention of one another,
how they maintain that attention, how they chooskeriag their attention to a close, and how they
deal with conflicts in these matters is an open maftémwestigation. In this article, all of our
observations concern gestural phenomena that aeatygfiNorth Americans interacting. While
we believe that engagement is natural in human-huntaraections in all cultures, the details of
how this is signaled will vary and will require furtretudy.

It is essential to understand the process by which engageranspires. It is part and parcel of
our everyday face-to-face interactions, and it mayl we relevant even in non face-to-face
circumstances such as phone conversations. Furthermoleam picture of the engagement
process is necessary to reproduce natural communidatwavior for artificial agents, either those
in embodied on-screen characters that interact watinpater users or those in the form of
humanoid robots.

6.2 Background and Related Resear ch

Head nods are a well-studied behavior in human ersation (Duncan, 1973, Yngve, 1970).
They are used for establishing common ground, thahemed knowledge between conversational
participants (Clark, 1996), and generally are acamgad by phrases such as “uh-huh, ok” or
“yes.” They also occur in positive responses ton@sfuestions and as assents to questions or
agreements with affirmative statements. McClave (20888erved that head nods serve as
backchannels and as encouragement for the listereckimBre (2002) observed that people talking
to people in an experiment with a hand-held devicelded 1.53 times per turn either as
acknowledgements, agreements or, in the case of gadep for emphasis.

Argyle and Cook (1976) documented the functiomafe as an overall social signal and noted
that failure to attend to another person via gaavidence of lack of interest and attention. Other
researchers have offered evidence of the role of azeordinating talk between speakers and
hearers, in particular, how gestures direct gazeddabe and why gestures might direct it away
from the face (Kendon, 1967; Duncan 1973; Goodw®86). Nakano et al's (2003) work on
grounding reported on the use of the hearer's gaddhe lack of negative feedback to determine
whether the hearer has grounded the speaker’s turmown studies of conversational tracking of
the looks (using head directions only, not eye gaeéyeen a human speaker and human hearer
observed that the hearer tracked the speaker &5étof the time. The non-tracking times were
characterized by attention to other objects, bo#sdhat were relevant to their conversation and
ones that were evidence of multi-tasking on the phtte hearer. However, sometimes for very
short looks away on the part of the speaker, theehs@mply did not give evidence of attending to
these looks (Sidner et al, 2005).

While we have investigated people talking to pedplerder to understand human behavior, we
are also interested in how these behaviors translatiduations where people and robots converse.
Robots that converse but have no gestural knowleeligfeef in production or in interpretation)
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may miscue a human and miss important signals from thamaimout engagement. Nodding on
the part of humans is so unconscious, that people nodnwversations with robots, even though
the robot has no ability to recognize the nods, asvileshow later in this article. A portion of
the time, they also nod without accompanying verbabliage, so the multi-modal aspects of
gesture and language cannot be overlooked in huoi@ot-interaction or in conversations with
embodied conversational characters.

Previous work in human-robot interaction has largedglored gaze and basic interaction behavior.
Breazeal's work (2002) on infantoid robots explotemv the robot gazed at a person and
responded to the person's gaze and prosodic contowlat might be called pre-conversational
interactions. Other work on infantoid robot gaze attention can be found in (Kozima et al,
2003). Minato et al (2002) explored human eye ghming question answering with an android
robot; gaze behavior differed from that found inman-human interaction. More recent work
(Breazel et al, 2004) explores conversation with l@ordearning tasks collaboratively, but the
robot cannot interpret nods during conversation.gistd et al (2003) report on development of
Robovie with reactive transitions between its behaam a human'’s reaction to it; they created a
series of episodic rules and modules to control thetbeaction to the human. However, no
behaviors were created to interpret human head nd&kkamoto et al (2005) have experimented
with cooperative behaviors on the part of the rofotluding robot nodding but not human
nodding) in direction giving.

Thus we are interested in imbuing the robot with #bility to engage gesturally by looking,
standing and nodding appropriately in interactionthviaumans and by properly interpreting such
behaviors from people. This article reports on aogpess thus far in such efforts.

6.3 A Conver sational Robot

The robot we have developed interacts with a singler in a collaboration that involves:
spoken language (both understanding and generat&iny @ mouth that opens and closes in
coordination with the robot's utterances, gestures wsttappendages, head gestures to track the
user and to turn to look at objects of interest initieraction, recognition of user head gestures in
looking at objects, and recognition of user head nod$e robot also initiates interactions with
users, and performs typical preclosings and goodbyesntb the conversation. All these
capabilities increase the means by which the roboengage the user in an interaction.

The robot, called Mel and embodied as a penguin Heafotlowing hardware:

7 DOF in the body (1 in the beak/mouth, 2 in thadhe in each of the 2 wings),

«  body mounted on a Pioneer Il mobile robot platfdomfloor navigation and body
positioning,

e stereo camera,

e 2 far distance microphones (one for speech recognitiom for speech detection),

e 2 onboard laptop computers and an onboard PC-10gwemfor all software.

The robot is depicted in Figure 1, and the architecfor the robot is displayed in Figure 2.

The architecture of this robot is divided into a censational subsystem and a sensorimotor
subsystem.  The conversational subsystem is based e@nCuilagen conversation and
collaboration manager (Rich et al, 2001). The sémsdor subsystem controls the robot's
physical hardware and performs sensor fusion. Togetmese subsystems maintain a model of
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the dialog and of the user's engagement, and use thisl ftodenerate appropriate verbal and
gestural behaviors.

Figure 1: Mel the robot penguin

The sensorimotor subsystem is based on a custom, task#laskboard robot architecture. It
detects and localizes human speech, and uses vigjorittams of (Viola and Jones, 2001) to
detect and recognize faces, and (Morency et al,)2@02ack the 6-DOF position and orientation
of one face. The subsystem fuses the sound and vieformiation to locate the robot's
conversational partner, and roughly track that pessgaze from their head direction. In addition,
it interprets certain of the human's head movements @ meds (Morency et al, [this volume]
and 2005). The sensorimotor subsystem receives infamiadm the conversational subsystem
about the dialog state, commands for head and arm ggsturd commands to alter body stance
(via the mobile base), and gaze.

Dialog state information from the conversation suteysis vital to the sensorimotor subsystem,
both for proper generation of robot motions andifierpretation of sensor data. For example,
the robot's gaze typically tracks the face of the dmuconversational partner, but the robot glances
away briefly when it takes the floor and starts to kpedVing gestures of the penguin signal (1)
new information in its utterances (so callest gestures, see (Cassell et al, 2001)) and (2) provide
pointing gestures to objects in the environment. fdmt turns away from the conversational
partner when it must point to an object in the dear@ it monitors the orientation of the person's
head to ensure that the person follows the pointingiomo Proper tracking of the robot's
pointing by the human is interpreted semantically, hasedialog context, by the conversational
subsystem ("User looks at cup”). Failure to traclinita reasonable amount of time may result
in further prompting and gesturing ("The cup is hereny right").

Before the robot finishes speaking an utteranceyréipares for the human's response by
activating speech recognition grammars tailored toetkgected range of verbal responses. |t
also may adjust its priors for recognizing head motiassi0ds with respect to the content and
timing of the robot's utterance (Morency et al, 2009Vhen the robot finishes speaking, it
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activates the microphones for speech detection amugynition. If the robot detects a head nod at
this time, it checks to see if it also detects speed¢h.no speech is detected, the nod is
immediately interpreted as "yes" or an acknowledgm&KY). Otherwise, the robot waits a
short time for a result from speech recognition, anly interprets the nod if no recognition result
is generated or the speech was not understood.

Conversational | Sensorimotor
subsystem | subsystem

< f—>
Speakers Base sensors W/r)\eel motors
I
i V :
Speech Mobile base
thesi Body servos trol
synthesizer Gaze,/?\ contro
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9 =7 A
S e I
et Stereo camera

Microphones

Figure 2: Architecture for a Conversational Robot

The robot participates in two different interactiavith human participants. The first of these
is a demonstration of IGlassware, a technology develogte Mitsubishi Electric Research
Laboratories. IGlassware is a specially designed lafpsenses fluid level using capacitance and
communicates the level to a special table by indeetgBietz et al, 2002). Mel was programmed
to demonstrate this invention to a human visitor. ygidal interaction is shown in Figure 3; the
robot's gestures with its head towards the table arednin the text. However, many different
conversations are possible, including one that is loottethe demo at all (if the human participant
refuses to be shown a demo).

M: Hi, I'm Mel a robotic penguin.

U: Hi.

M: What's your name?

U: Sam.

M: Sam, I'd like to show you a demo. OK?

U: No.

M: Butit's really interesting. Comeon. Try it!
U: Okay.
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It would be really nice to know what kind ofggress people are making in their dining.
IGlassware stands for Instrumented glassware!
Okay.
Sam, right there <robot turns head to tablehéslGlassware cup <robot turns to user>.
Okay.
All right, now we'll see how to use the cup.
All right.
Please pour enough water from the pitcher ingodlass to fill the cup.
Then put it on the table.
Okay.
I'm waiting for a reading from the table for thkass.
Good. Take a look at the bar on the readout.
Yes.
It shows that the cup is full, right?
Yes.
Would you like me to explain how this works?
Sure.
You see the copper in the glass? <robot turnd heglass>....
[continued conversation not illustrated]
Well, Sam, that's about all.
See Candy Sidner or Chris Lee for more abowid&bare. So long.
Good-bye.

S £ =ECEXGEEEEEC 262626 EER

Figure 3. Excerpts from the IGlassware Demo with Mel

The robot can also demonstrate its own capabilitieani interactive conversation. A portion of
one such conversation can be found in Figure 4. rigutis conversation, the robot gestures at
its own body parts when relevant, and in the casts ahobile base, moves around to demonstrate
its locomotive abilities. We have observed that peapleracting with the robot during this
conversation maintain their gaze on the robot tHnaugst of the conversation with relatively few
looks away (in contrast to the IGlassware conversationghich users direct much of their
attention to the IGlassware cup and table). We surth&egaze maintenance is due to the fact
that there is nothing else that is relevant to theversation, and due to the fact that the robot is
pointing out parts of itself in the conversation.

M: Hello, I'm Mel, a robotic penguin.

U: Hello.

M: What's your name?

U: Mike.

M: Mike, I'd like to tell you about myself. Okay?

U: Ok.

M:  First I'll explain my body.

U: Ok.

M: Well. I have 7 degrees of freedom in my bodytpatus my mobile base can
turn wherever | want it to. <robot rotates basend) conversation>

U: Ok. [continuing conversation not illustrated]

M: How about we discuss my vision and speech systems?

U: Ok.

M: Shall | explain my vision system, or my speecHitds first?

U: Your vision system.

M: Well, above my head is a black camera with twisés. Do you see it?

<robot looks up above head during this exchange>
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U: Yes.

M: | see with my two lens eyes.... [continuing conviosanot illustrated]

M: Well, that's all my parts. Are you curious abotayl can do with all that?

U: Yes.

M: Mostly I can talk about things. And | give demésd I'd like to learn how to
tell jokes well.

U: Ok.

M: So you wanna hear a joke?

U: No.

M:  Well, Mike that's about all.

U: Ok.

M: See Candy Sidner or Chris Lee, for more aboutSondong!

U: Good-bye.

M: Good-bye.

Figure 4: Excerpts from a Mel self demo

When initiating both interactions, Mel uses his visgystem to find a conversational partner.
Thereafter Mel tracks the conversational partner's fa@ adjusts his "gaze" towards the partner,
even when the partner moves about. Mel has eyessimdad, but they do not see, and his
camera is above his head, so his gaze serves only to cacateuhis focus of attention to the
partner.  Mel does not look at the human partnedlaimes. During the demos, he turns to
look at the table and its contents or to parts ofskiin  Mel also prompts a partner who fails to
look at the table to notice the objects there. rAftee demo and explanation conclude, Mel
wishes the partner goodbye, waves and drops his hédasl ¢thest to indicate that he is no longer
available.

6.4 Looking Behaviorsfor the Robot

Mel the robot is able to follow the looking gestulsa human partner using the vision
technology discussed above. The robot also displaysnigability when he turns to relevant
objects in the room, points at them and then turnk t@atook at his human interlocutor. Does
this robot's non-verbal gestural behavior have aragnpn the human partner? The answer is a
qualified yes. We conducted an experiment with 37 humarticipants who were given an
IGlassware demo by the robot. Twenty of these ppéits interacted with the robot with full
gestural behaviors and with tracking of the humaadheovements (the robot indicated the
tracking by its head movement), while seventeen paatits interacted with a robot that only
moved his beak but produced no other gestures (Sitlaér2005). This "wooden" robot looked
straight at the position where it first saw the huméaead and did not change its head position
thereafter. Just as the moving robot did, the wooddiot also moved its beak with his
utterances and noticed when the human looked attebiethe scene.

Our "wooden" robot allowed us to study the effectgust having a linguistic conversation
without any looking behavior. In comparison, theving robot performed looking gestures by
tracking the person's face, looking at relevant dabjéor a brief period of time) and then returning
to look at the user. These behaviors permitted wsutdy the effects of looking in concert with
conversation. Informally we observed that Mel, bkitad to users and tracking their faces, gave
users a sense of being paid attention to. Howeverthehthis "sense" had any effect on human
robot interaction lead us to the study with peopteriacting with the two versions of our robot.
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Both "wooden" and moving robots assessed human engagenttmhans who did not respond
to their turn in the conversation were judged as ipbssvanting to disengage, so in both
conditions, the robot would ask, "Do you want to aort the demo?" when humans failed to take
aturn. Human looks away were not judged by theresehg expressing disengagement. In fact
most looks away were to the demo objects, or in the afd€dassware, to the area under the table
to ascertain how the table worked. However, whemdns did not perform shared attention to
the demo objects when the robot introduced them timodiscussion, the robot prompted the
human with an additional utterance and looking gestarencourage them to view the object.
Thus our robot both makes decisions about where to iksek and assesses aspects of joint
attention with its human conversational partner. Aakd@ho and Nishida (this volume)
demonstrate, shared attention to objects in the @mwient is a critical attentional behavior in
human-agent interactions.

In our experiment, each person had a conversationthétinobot (before which the person was
told that they would see a demonstration with a tobod after filled out a questionnaire about
their experience. From the questionnaires, we é&hrmat all participants liked the robot.
However, those who talked to the moving robot ratext having more appropriate gestures than
participants with the wooden robot participants did.

While questionnaires tell us something about peopéspanse to a robot, videotapes of their
interactions revealed more. We studied videotapesaoh conversation between person and
robot. From these studies, we discovered that in botfitions, about 70% of the time, the
human participants who were looking away from theotdboked back to the robot when it was
their turn to speak in the conversation. It seemsdbatersation alone is a powerful mechanism
for keeping people engaged. In particular, in hosinaman interactions, people look at their
conversational partners when they have the convengatiorn. People behaved similarly when
their conversational partner was a robot, even orese/fooking gestures were non-existent.

However, two other aspects of human looking produdigerent effects in the "wooden" versus
moving condition. Firstly, the human participantsked back at the moving robot significantly
more often even when it was not their turn than theimterparts did with the "wooden" robot
(Single-factor ANOVA, F[1, 36] = 15.00, p < 0.00Dhey determined that the robot was to be
paid attention to and looked at it even when theyevalso trying to look at the demo objects.

Secondly, there was a weak effect of the robot'sitgpky turning its head towards objects
relevant to the demo. We observed that human jmatits tracked very closely the turn of the
robot's head by themselves turning to look at thed&kare table or glass. This behavior was
more common than for participants who only had uttexaifsuch as "Right here is the IGlassware
cup") to direct them to objects. Looking gesturethef type provide a strong signal of where to
look and when to start looking, and our participaatponded to those signals.

In sum, the moving robot's looking gestures affebmd people participated in conversation.
They paid closer attention to the robot, both imtef what it said and in terms of where it
looked at objects. All these behaviors are indieatif engagement in the interaction. Without
overt awareness of what they were doing, people'sigssindicated that they were engaged with
the moving robot.

6.5 Nodding at the Robot

Head nodding is one of the many means by which [jzatits indicate that they are engaging in
the conversation. In the experiments discussed in tedoos section, we observed that the
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participants nodded to the robot to acknowledge thésances, to answer “yes” to questions and to
assent to some statements. However, the robot hadilitg &binterpret such nods. Thus we
were determined to see if this behavior would contimuger other circumstances. Furthermore,
because nodding is a natural behavior in normal nucoaversation, it behooved us to consider it
as a behavior that a robot could interpret.

In our experiments (Sidner et al, 2006), human ppéetits held one of two conversations with
the robot, shown in the previous section, to demorstiler its own abilities or the IGlassware
equipment. During these conversations people noddédeatobot, either because it was their
means for taking a turn after the robot spoke (aloitly whrases such as "ok" or "yes" or
"uh-huh"), or because they were answering in thenaéfiive a yes/no question and accompanied
their linguistic "yes" or "ok" with a nod. Particip® also shook their heads to answer negatively
to yes/no questions, but we did not study this belhdagcause too few instances of “no” answers
and headshakes occurred in our data. Sometimes waswothe only response on the part of the
participant.

The participants were divided into three groups, echlithe MelNodsBack group,
MelOnlyRecognizesNods group and the NoMelNods groupge NoMelNodsgroup with 20
participants held conversations with a robot that madhead nod recognition capabilities. This
group served as the control for the other two groups.

The MelNodsBack group with fifteen participants, wivere told that the robot understood
some nods during conversation, participated in a ceatien in which the robot nodded back to
the person every time it recognized a head nodshdtld be noted that nodding back in this way
is not something that people generally do in conviersat People nod to give feedback on what
another has said, but having done so, their conversdtpartners only rarely nod in response.
When they do, they are generally indicating somel loh mutual agreement. Nonetheless, by
nodding back, the robot gives feedback to the usehein behavior. Due to mis-recognition of
nods, this protocol meant that the robot sometimes mbatien the person did not nod.

The MelOnlyRecognizesNods group with fourteen pguéints held conversations without the
robot ever nodding back, and without the knowletlget the robot could understand head nods
although the nod recognition algorithms were openati during the conversation. We
hypothesized that participants might be affected yrtibot's nodding ability because 1) when
participants responded only with a nod, the robok tanother turn without waiting further, and 2)
without either a verbal response or a nod, the reladited a full second before choosing to go on.
Hence participant nods caused the robot to contialkéing. Therefore, we hypothesized that,
over the whole conversation, the participants migiwe gotten enough feedback to rely on robot
recognition of nods. This group provided an oppdtyuto determine whether the participants
were so affected. Note also that as with the MelNadkRyroup, nod mis-recognition occurred
although the participants got no gestural feedbackiit.

Every conversation with the robot in our total & participants varied in the number of
exchanges held. Hence every participant had angryimber of opportunities to give feedback
with a nod depending on when a turn was taken ot ghestion was asked. This variation was
due to: different paths through the conversationefwparticipants had a choice about what they
wanted to learn), the differences in the demonsimatiof IGlassware and of the robot itself,
speech recognition (in which case the robot would faskre-statements), robot variations in
pausing as a result of hearing the user say "ok," rstdrices where the robot perceived that the
participant was disengaging from the conversationvemald ask the participant if they wished to
continue.
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In order to normalize for these differences in cosstonal feedback, we coded each of the
individual 49 conversations for feedback opportusiiie the conversation. Opportunities were
defined as the end of an exchange where the rolbsegdong enough to await a response from
the participant before continuing, or exchange emldsre it waited only briefly but the participant
chose to interject a verbal response in that brieé ti

So for each participant, our analysis used a "nog'ras a ratio of total nods to feedback
opportunities, rather than the raw number of nodanindividual conversation. Furthermore,
the analysis made three distinctions: nod rates oyewadl rates where the participant also uttered
a verbal response (nod rates with speech) and n&lwaere no verbal response was uttered (nod
only rates).

Our study used a between-subjects design with Feedbeamkp Gs our independent variable,
and Overall Nod Rate, Nod with Speech Rate, and Noty Rate as our three dependent
variables.

A one-way ANOVA indicates that there is a significaiifference among the three feedback
groups in terms of Overall Nod Rate (F2,46 = 5.52,(p04). The mean Overall Nod Rates were
42.3%, 29.4%, and 20.8% for MelNodsBack, MelOnly&gtzesNods, and NoMelNods groups
respectively. A post-hoc LSD pairwise comparison leefwall possible pairs shows a significant
difference between the MelNodsBack and the NoMebNgmbups (p=0.002). No other pairings
were significantly different. The mean Overall Nodt&s for the three feedback groups are shown
in Figure 5.
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Figure 5: Overall Nod Rates by Feedback Group.

A one-way ANOVA indicates that there is also a sigaffic difference among the three
feedback groups in terms of Nod with Speech Ratel@2,4.60, p = 0.02). The mean Nod with
Speech Rates was 32.6%, 23.5%, and 15.8% for theddsBack, MelOnlyRecognizesNods, and
NoMelNods groups respectively. Again, a LSD post-hdonpse comparison between all possible
pairs of feedback groups shows a significant differebetween the MelNodsBack and
NoMelNods groups (p=0.004). Again, no other pairsesfeund to be significantly different. The
mean Nod with Speech Rates for the three feedbatlpgris shown in Figure 6.
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Figure 6: Nod with Speech Rates by Feedback Group

Finally, a one-way ANOVA found no significant diflsices among the three feedback
conditions in terms of Nod Only Rate (F2,46 = 1,08; 0.35). The mean Nod Only Rates were
more similar to one another than the other nod meamunes, with means of 8.6%, 5.6 and 5.0%
for the MelNodsBack, MelOnlyRecognizesNods, and Nibleds groups respectively. The mean
Nod Only Rates for the three feedback groups aresho Figure 7.
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Figure 7: Nod Only Rates by Feedback Group

These results above indicate that under a variegonflitions people will nod at a robot as a
conversationally appropriate behavior. Furthermthese results show that even subjects who
get no feedback about nodding do not hesitate toinoa conversation with the robot. We
conclude that conversation alone is an importantifaek effect for producing human nods,
regardless of the robot's ability to interpret it.
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It is worthwhile noting that the conversations ourtiggpants had with robots were more than a
few exchanges. While they did not involve the humarticipants having extended turns in terms
of verbal contributions, they did involve their aeti participation in the purposes of the
conversation. Future researchers exploring this arealgibear in mind that the conversations in
this study were extensive, and that ones with justva éxchanges might not see the effects
reported here.

The two statistically significant effects for nods ateand nods with speech that were found
between the NoMelNods group and the MelNodsBack gidipate that providing information to
participants about the robot's ability to recogniadsiand giving them feedback about it makes a
difference in the rate at which they produce nodss Tesult demonstrates that adding perceptual
abilities to a humanoid robot that the human is awérend gets feedback from provides a way to
affect the outcome of the human and robot's intemacti

The lack of statistical significance across the grdopsiod rates without any verbal response
(nod only rates) did not surprise us. The behaviambdf nodding (without accompanying speech)
in human conversation is a typical behavior, althotlgdre are no statistics that we are aware
specifying rates of such nods. It is certainly notasimon as nodding and making a verbal
response as well. Again, it is notable that this belmastcurs in human-robot interaction and
under varying conditions. By count of participantsthe NoMelNods group, 9 of 20 participants,
nodded at least once without speech, in the MelCetpgnizesNods group, 10 of 14 did so and in
the MelNodsBack group, 12 of 15 did so. Howeverewlusing normalized nod rates for this
behavior for each group, there is no statisticdled#ihce. This lack is certainly partially due to
the small number of times subjects did this: the vagoniba participants (44/49) did a nod
without speech only 1, 2, or 3 times during the emtmeversation. A larger data set might show
more variation, but we believe it would take a gréa&l of conversation to produce this effect.
We conclude that nods without speech are a nataralecsational behavior. Hence using vision
techniques with a robot that capture this conversdteavior is valuable to any human-computer
conversation, whether it's with a robot or with arsareen agent.

6.6 Lessons L ear ned

Looking at another person, looking at objects whea orentions them, especially initially,
nodding appropriately in conversation and recoggizime nods of others are all gestures that
people typically produce in interactions with othersWhile looking gestures are clearly
indicative of engagement, nodding gestures may sessrstesince their most obvious function is
to supplement and sometimes replace utterances suokas" "yes," "uh-huh." In this respect
nodding may be thought be akin to iconic gesturesziwdome researchers believe supplement or
provide additional semantic content during speakiigNeill, 1992).

However, nodding gestures are principally feedbackh&o speaker (cf. Nakano and Nishida
[this volume]). They work even if the hearer ist naoking at the speaker and does not say
anything. In our observations of human-human interas (Sidner et al, 2005), we observed
many occasions where a hearer nodded (sometimes wipeeth) to provide feedback to the
speaker that they were following the speaker's uttesan And as we discovered, people
naturally nod at robots during conversation. In louman-robot studies, our human participants
nodded both when looking at the robot and whenilapkt demo objects.
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This feedback serves to signal engagement in subdles.w While speakers will proceed
without a nod or a "yes" when they have indicateat they expect such feedback is unlikely
they typically will do so for a long stretch of comsation. Speakers find they must know if their
conversational partners are attending to them. Vdheearer does not provide that feedback on a
regular basis, their behavior indicates a failurbedracking the speaker and thereby failing to be
engaged in the interaction. Conversely, there pealers who disregard the lack of feedback
from their hearers. While this behavior is not th@nmative way to behave, it still occurs.
Importantly, speakers who speak for long stretche®o¥ersation and ignore the lack of feedback
from hearers are generally judged as holding the ibthe conversation in an unacceptable way.

The lack of feedback from a person to a robot as aglthe robot's failure to recognize that
feedback limits the robot's assessment of what is hapgpdni the interaction. The studies
undertaken so far provide only initial observatiah®ut how people engage with robots and how
the interaction changes, as the robot knows more aymagement behaviors. However, these
first steps indicate that human-machine conversations mmgtde and account for these
behaviors if robots are to function fully in conversat Without the ability to perceive human
engagement signals, robots will misinterpret what isugotgy in the interaction. Without
producing proper engagement signals, robots may misinfuman partners about their role in
the interaction.

6.7 Futuredirections

The research reported in this article addresses thetenairce of engagement during an
interaction. Equally interesting to us is the prod®ssvhich two interactors find each other and
begin to interact. Research on “catching the eyaraither person” (Miyauchi et al, 2004)
illustrates ways that robots can undertake one pattisfprocess. Much remains to be done to
understand this phenomenon and provide algorithmihéorobot to perform such activities.

As was mentioned earlier in this article, body stanceeseto indicate one’s focus of attention.
When a conversational participant stands so that hieeo body is pointed away from the
conversational partner, there is an apparent comfitveen engaging the partner and focusing on
something in the direction of the body. How this ¢iohfs managed and how body stance is
combined with looking and gazing are not well-ustieod matters. Yet for many activities
one’s body must be pointed in another direction ttheEnone of the conversational participant.
We plan to investigate the issue of body stance adtantianal mechanism and its relation to
engagement and to looking and gazing.
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However, a typical means of signaling feedback is to bring an utterance to a close and to use end
of utterance prosodic effects to indicate that the speaker is expecting a response from the
hearer.
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