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Abstract

We argue for the role of gestures to express intentions
related to attention in human-robot interactions.

Gestures In Interaction

Gestures are fundamental to human interaction. When
people are face-to-face at near or even far distance, they
gesture to one another as a means of communicating their
beliefs, intentions and desires. When too far apart or in too
noisy an environment to use speech, gestures can suffice,
but in most human face-to-face encounters, speech and
gesture co-occur. According to the claims of [McNeill,
2002], they are tightly intertwined in human cognition.
However cognitively entangled, people gesture freely, and
the purposes of those gestures are fundamental our work
on cognitive robotics.

Gestures convey intentions, beliefs and desires, that is,
information about the individuals who use them. Gestures
are made with every part of the body: hands, face, posture
of the body, body stance, legs, feet. Facial gestures have
been carefully studied to interpret emotion [Ekman,1982],
while others have considered the use of facial muscles
(such as an eye raise) to convey belief as well as intention
[Goodwin, 1986], [Kendon, 1967]. Hands are expressive,
providing gestures of the newness information to the
conversational interactions (so called beat gestures), as
well as iconic, metaphorical and deictic indications, the last
used to point to objects in the environment [Cassell, 2002].
Body posture and stance can be used to convey emotion (as
can legs and feet), but body posture also signals major
boundaries in the units of conversation [Cassell et al,
2001a].

Gestures provide many types of information about the
individual to the conversation partner. One additional type
of information they provide has been noted among
scientists who study human interaction. Gestures convey
engagement, that is, the attentiveness of one partner to the
other during their interaction. The human-robot interaction
team at MERL is focused on the nature of engagement in
human-machine interaction.

Engagement is the process by which two (or more)
participants establish, maintain, and end their perceived
connection to one another. This process includes: making
initial contact, negotiating their collaboration during the
conversation, assessing the intentions of the other
participants in remaining engaged, evaluating whether to
stay involved, and ending the interaction [Sidner and
Dzikovska, 2002]. In face-to-face interaction, gesture is a
significant means of performing this task. Engagement, or
demands for engagement from one's partner, can be
conveyed by all parts of the body. However, gaze, head
movement, arm movements and body stance are the
principal means of doing so.

While the above comments concern human to human
interaction, robots that participate with human interactors
need to understand human gestural behaviors and produce
them correctly as well. For example, wandering gaze, and
gaze to unrelated items or persons, signal a loss of
engagement, and may signal a desire to end the interaction.
Arm movements to point at relevant objects not only tell
the interactional partner what is of interest, but also
indicate where to pay attention in the interaction. They can
also be used to get attention when a partner's interest has
wandered. The direction of the front of one's body and the
trajectory of movement also indicate one's primary focus of
attention. When a conversational partner must direct his or
her body to something besides a conversational partner,
some other means of indicating ongoing engagement must
be conveyed instead.

Engaging behaviors in a robetic architecture

Our most recent efforts to capture engagement experiment
with a robotic penguin that converses with people and
collaboratively presents demoes of itself and of a hardware
invention from MERL. We have several major goals for
the capabilities of this robot. First and foremost, using the
Collagen [Rich et al, 2001] subsystem, we model
intentions and mutual beliefs of the robot and his human
interactor.  Second, the robot must not only interpret
engagement behaviors on the part of its human counterpart,
it must also produce them in concert with what is
transpiring in the interaction. In order to do that, the
architecture provides the means to fuse sensory
information from the vision and sound systems to provide



to the Collagen component information about the human
interactor's doings. Furthermore, the architecture must
provide the robot with a way to respond appropriately to
human behavior and also initiate appropriate gestural and
spoken behavior during the interaction. Maintaining a
balance between responding to the human and initiating
new behavior is possible because of the way the
architecture divides sensory/motor behavior from cognitive
behavior.

The architecture of this robot divides its overall behavior
into a brain and a body. The brain models the conversation
and the overall collaboration that is being pursued, using
the Collagen collaboration manager mentioned above. The
body gathers sensory data, interprets it and provides it to
the brain. It accepts back commands for what to do, and
also takes note of the current state of the conversation in
order to choose some of its next moves with its sensory
devices (see Sidner et al, 2005 for a diagram). The robot
uses vision algorithms of [Morency et al, 2002], [Viola and
Jones, 2001] to find the people in a room and to track the
head movements of one of the people, who is the robot's
interactional partner. To determine this partner, the robot
listens for a voice, and co-locates that voice with one of the
faces it sees in the room. It looks at the person's face as it
moves around in front of it. The robot turns away from the
CP when it must point to an object in the demo, and it also
looks to be certain that the person tracks. The robot also
interprets certain of the human's head movements as head
nods [Morency et al, 2005]. These movements often
accompany verbal comments to acknowledge or accept
something the person has said. When the movements
occur without verbal input, the human intends to convey
the appropriate meaning with just the nod. Finally, wing
gestures of the penguin signal (1) new information in its
utterances [Cassell et al, 2001] and (2) provide pointing
gestures to objects in the environment.

Does this robot's non-verbal gestural behavior have an
impact on the human partner? The answer is a qualified
yes. In experiments with 37 human participants, all
subjects were found to turn their gaze to the robot
whenever they took a turn in the conversation, an
indication that the robot was real enough to be worthy of
engagement [Sidner et al, 2005]. Furthermore, in a
comparison between the robot using its full engagement
behavior versus one that just stared woodenly straight
ahead, participants using the fully active robot looked back
at the robot significantly more whenever they were
attending to the demonstration in front of them. The
participants with the active robot also responded to the
robot's change of gaze to the table significantly more than
the other participants. These participants unconsciously
considered the robot a partner to keep engaged with.

Human interactors with the robot also naturally nodded at
the robot. They nodded even when the robot could not
interpret their nods, but they nodded significantly more

when they were told that the robot understood their nods
and also got gestural feedback when they nodded [Sidner
et al, 2006].

Research questions

Far more research on engagement gestures for robotics and
creating engagement with robots remains to be
accomplished. Among the many questions to be
considered: How do humans stay engaged when directing
most of their attention to a task in the environment? What
inferences should a robot draw about the human interactor
in such cases? How does the robot decide when/if to
signal engagement when it is largely engaged by a task
rather than a person? How can robots be built to better
integrate language production and engagement behaviors?

References

J. Cassell. “Nudge nudge wink wink: elements of face-to-face
conversation for embodied conversational agents." In Embodied
Conversational Agents, J. Cassell, J. Sullivan, S. Prevost, and E.
Churchill (eds.), MIT Press, 2000.

J. Cassell, Y.I. Nakano, T.W. Bickmore, C.L. Sidner, and C.
Rich. “Non-verbal cues for discourse structure." In Proc. of the
39" Meeting of the Assoc. for Computational Linguistics (ACL
2001), pp. 106-115, July 2001.

P. Ekman. Emotion in the human face. Cambridge University
Press, 1982.

D. McNeill. Hand and mind: what gestures reveal about thought.
University of Chicago Press, 1992.

C. Goodwin. Gestures as a resource for the organization of mutal
orientation. Semiotica, 62(1-2): 29-49. 1986.

A. Kendon. Some functions of gaze direction in social interaction.
Acta Psychologica, 26: 22-63, 1967.

L.-P. Morency, A. Rahimi, N. Checka, and T. Darrell. Fast
stereo-based head tracking for interactive environment. In
Proceedings of the Int. Conference on Automatic Face and
Gesture Recognition, pages 375-380, 2002.

Morency, L.-P., Lee, C., Sidner, C., Darrell, T. Contextual
recognition of head gestures, Proc. Of the Int. Conference on
Multimodal Interfaces (ICMI'05), 2005.

C. Rich, C. Sidner, and N. Lesh. Collagen: Applying
collaborative discourse theory to human-computer interaction. Al
Magazine, 22(4), pp. 15-25, 2001.

C. Sidner, C. Lee, C.D.Kidd, N. Lesh, and C. Rich. Explorations
in engagement for humans and robots. Artificial Intelligence,
166(1-2): 140-164,August 2005.

Sidner, C., Lee, C., Morency, C., Forlines, C. The Effect of Head-
Nod Recognition in Human-Robot Conversation, Proceedings of
the ACM Conference on Human Robot Interaction, pp. 290-296,
2006.

C.L. Sidner and M. Dzikovska. Human-robot interaction:
engagement between humans and robots for hosting activ-

ities. In Proc. of the IEEE Conference on Multimodal Interfaces
(ICMI 2002), pp. 123-128, 2002.

P. Viola and M. Jones. Rapid Object Detection Using a

Boosted Cascade of Simple Features. In Proc. of IEEE

CVPR 2001, pp. 905-910, 2001.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 2
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


