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Sustainability is one of important features which should be considered in a lasting human—agent interaction (HAT)
process. Because humans are unavoidably accustomed to the agents, and the interaction seems to be boredom as
the agents’ behaviors become predictable. In the paper, we especially focus on the relationship between the sustain-
ability and the behavior predictability during a lasting HAI process. To be clear this, we experimentally evaluate
the lasting interaction processes among human subjects and an entertainment robot which have different level of
the predictability. According to the psychophysical experiments using the robot, we confirmed that maintaining
the predictability in a moderate level contributes to the sustainability of the HAI. This result suggests that not only
the predictability but also awareness of intentionality (i.e. animacy) play important role for realizing sustainable

interaction.

1. 0OO0O0O

uoodooooooooooboboooboooooooobooa
oooooooooooooboobooouoooboooooooo
goooooooooooboooboooooooooobooo
goooooooooooooooooooooboooooon
odoobooooooooobooooobobooouooooon
odooooooooooobooboooooooooooooon
oooooooooooooboooooooooooooooo
ooboooooOooboooooooboooooo

oooobOooooooobooooobooboooo
(Human-Agent Interaction, HAI) 000000000000
Oooo0oO0oooUooooUooooooooooo [, 2o
gbobooooobooooboooooooobOobooooo
0000000000D00000D0000 (motivation) OO
gobooooooooobooobooooooooboobooooo
odoooobooocooooboobooooooooobooooboog
udoobooboodoodoooooooooboboobooooOooo
0000000000 HAIOODOOOOooooooooo
oooo

goobooooooobooooooboooooooooo
gbooooobooooooooooboboooooooo
oboboodoooboooooboobooooobooboOoooooo

Arousal

Pleasure

U 1l.gb0booobooooobooosooon

ooo:000000000000000000000 2-24-160
t_kondo@cc.tuat.ac. jp

000o00o0O0oo0o0ooooooooo()Uoooooo
ooooooorFSsMOO0O0O00O00O00O00000OOO0O0
goboooodoobooooooooboooooooobooooao
OooOoU0oUoOoooUoUoooooooooouo (2
gobooobooooooooooooooooobooooooo
goboooooooooooooooooboooooobooooo
gobooooooooooooooboooooooobooooo
gbobodoooobodooooobooooooonon

2. 0O0oO0OO

goooooooooboobobobooooooooobobooo
0000000000000 000000 Sony AIBO, ERS-70
ooooooOoooooooOoooooooooOo0dOoFrFSM
gbooooobooobooooobooooooooboobooo
goboboooooooboooooooboooooooobooboobooo
OoooOooooooOooooAIBOOOOOOOOOOOO
ooooooOoOoOog8UuOoOooOoooAIBOODOOOOOO
ggooooooooooboooooooooobooooooooo
0000000000 0oD AIBOOOOOOOOOOOO
gooooobooboobooooooooboooooooooooo
O000o00ooo0o0oooooo0o0o0o0ooogFSM
gboobooobosuooboobooooocbooboboboooboon
0000000000000 00D00D0000 (Finite State
Machine) 0000000000000 O0OOOOOOOO
ogobooobooooooosoooooooooooooooo
OooooooooooooboboboOO0O000Russell OO0
000 Bo0o00ooU0ooooUoooouooepmo

oo0oOos[Ooo0oooooopogooonoooonooon

gobobooooooooooboo«wbbOboOoooooboooo
gobooooooooboooooooooboo

&€ =[¢p,€al" (1)

T
U= [Upars Usirone] (2)



The 22nd Annual Conference of the Japanese Society for Artificial Intelligence, 2008

u
=&t rRA |1 3)
3

A= -1.0 1.0 0.0 -0.5 0.0 (4)
1.0 1.0 -0.5 0.0 0.0
oobooooboooooooobooooooobooooon 19
oboooboobobosbooboooooooooooooobooo
goboooobooooboloooboooooobooooo
doooobooboooooboboooooooooooooa
ooboooobooooooooooboooooob 1bobooo
OoooOooOoO0O0O¢g0o0Oooooooooooooooon

goooooboooooooon
udooooboooobooocoooobooooobooooo
ubdooboobobooooooboobooooooooooboooooo
dooobooooooooobooboOooooobooooooo
oobOz22000000000o0o0oobobooooooobooboooon
O0000000000OOO0OO AIBOOOO 2000000
doooobooooooooboooooooooooooooo
000 30000000000000000000 AIBODO
2000 000000000000000000O0O0OAIBOO
gooooooooooooooooooooooooooo
goooo

3. Uoobobodg

02000000000000000000000 AIBO
uooooboooooooooboooooboboooooboogo s
goooogos0O00O00000OO0O000OOFSMOOO0Qd
oooooooooooboooooooooooboono 200
bdooboobooooooooooooooobobooooooo
ooooooo

bobodboooobooobodoboooboooboobooooooaoon
ooooobooooboos3sgobo400000000000000
ooooooooooooooboboooooooooboooo
000000000000 0DO0000000O0 (Ql: OO

O0000?0Q3: 0000000O?) 00ooUoooog

O000o000ooOo0ooO0 (Q2: oooooooo?noo
goooooOoOoOoOoOoOOO0O0ooooooooOoFSMO
gooooobooooooooooooobooooooboooo
gooooooooooooooooooooooooooo
ubooooobooooooooobooooboooboooooo
oobodoooboooooooooobooooono

4. 0400

O0000HAIOODOOOOODOOOOOODOOOOOO
oooooboooooooobooooooo3ooooobooooo
dooobooooooooooboooooooooooooo
dobooooooooooooooooobobooooon
doooboobooocoooooboobooooobooobooooon
oooooobooooooooooooooooooboooono
gooooo0oooooooooooooooooooooo
oooooooooooooooooobooboOooooobooo

boboodooboooboooobooooooobooooooo

uoooboobooooooooooboboooooooooooo
ooooooooooooooooooooooboooOooo
ooooooobooooooo

%

M First five minutes
M Last five minutes

o o o
=

=

Freq. of occurrence

Hyp= 2,92

’ I - . II I Hypo= 2.84
0

1 2 3 4 5 6 7 8

o
o

Behaviors

() 000000000

-
3

id
ES

M First five minutes
M Last five minutes

o

Freq. of occurrence

4
Hg= 2.84
Tmdd s
o Ll N . L
1 2 3 4 5 6 7 8

Behaviors

(b) FSMOODOOO

a8
23

o
EY

M First five minutes

04 M Last five minutes

Freq. of occurrence

Hipe=229)
"1oanal Ii
. |

1 2 3 4 5 6 7 8
Behaviors

(oODOO0DOO0

U2 0000ooocooo

Rating Score

FSM Emotion (compared Emotion (compared Random
with FSM) with Random)

o

Conditions

U3 gboboooboocoooooobooooon

©

Q!
Q
Q3

Rating Score

°

FSM Random

Comparative conditions

04 00000000000DOOCO0ODOOOOO0O0ODO

g

ggoooooooooooooooobbooboobbooo
goboooboooooooooooooooboboooooooo
goboooobooooooo

goon

1) O0,00: 000000000O00DO0ODUOOOOOO
0,0 1800000000000, 3G1-02, 2004.

[2) 00,00,00:00-000000000000000
000000000000000000, JAWS2003 O
0000, pp.432-437, 2003.

[3] Russell,J.A.: Reading emotions from and into faces:
Resurrecting a dimensional-contextual perspective,
The Psychology of Facial Expression, pp.295-320,
1997.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


