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Abstract: In the past years, agents focusing on communication including Siri and Alexa have been intro-
duced to homes. On the other hand, as existences which have taken communication with humans in homes
for a long time, companion animals can be specified. Dogs, which are representative companion animals,
are considered to show positive reactions such as reducing alert towards agents, which are unprecedented
objects, or negative reactions such as inducing actions of jealousy depending on observation of their owners’
reaction when the agents are taking up their owner’s attention. Since actions of jealousy also depend on
the forms of targets, an investigation is needed to identify what form of communication agents can build
good relationship with both owners and dogs. In this study, four types of conditions with a smart speaker of
primitive form (Google Home), two units of human-shaped robots of both large and small (NAO and Pepper)
and a dog-shaped smart speaker were used to examine the relationship between two parties of the owners
and agents and the relationship between three parties of the owners, agents and dogs and observation of the
dog’s behaviors when the owner positively act towards the agent. As a result of impression evaluation of
32 owners of the dogs, the human-shaped robots were preferred and the dog-shaped speaker received worse
impression than Google Home. In contrast, as a result of analysis of 21 dogs’ behaviors evaluated by two
dogs’ trainers, the ratio of individuals which had contact at the back area such as smelling buttocks for
the dog-shaped speaker after observation of communication between the owners and agents was significantly
higher than other agents. This result suggested that in some cases the dogs’ owners preferred different forms
agents from those which the dogs became interested in or could feel comfortable to have contact with.
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Fig. 1 Communication agents used in this study.
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Fig. 2 Comparisons of histograms of each agent’s rating

(Lowest = 1, Highest = 5) by participants based on

Godspeed questionnaire.
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TEHRE L7 Za, DFO L) ICABLEN RO b,
o #EAL : NAO, Pepper > Google Home, Fake Dog
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o BUFITE : NAO, Pepper > Google Home > Fake Dog
o HMDHE I NAO, Pepper > Google Home > Fake
Dog
o 4t | Pepper > Fake Dog

4.2 SHMEAEOITEIERE
4.2.1 SIEGOSEFHE
ARIFFEDERIMOFEREZR 1 IRT. B 1I2BWTH
WA XDBIFEDEASWIZOWTPEY (£SD) 5.33 (+2.55)
THY, B 3IZBWTETIZFEY (£SD) 3.19 (+1.30),
MO TORFTTIEFEY 2.70 (£1.23) THo7z. ML LE
MolfilVwTEIZ 1/ THo72. B, RERIZBWTE
TERDBEIR DA VAT DME & R & &3 o 72,
SHMER DO REENFEHNCOWT, KR 2 SIEAE 7
VC, #EZEW 2 S IEARIE 8 IE, A2 AR 2 81K 6 T
Thotz. RERTIE, BIMERORENTTNAR D 1E A4
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M EBE DA X205 E Lz DTH o 72720, ARt
R BT A HEMNDO A X OFHIIIESE F TIZERK 1 ITRT
KRBV THIN T A7,
4.2.2 TEEHLTEHFHE

TUD Ry 7L —F 2 AN, 3OO0HEISIREL
oW e b LI, R/ 2 ITRT 21IEDO A XOfTEj & 2 —
TA YLz, A=T 4 Y TOER, '3 IRT LD
|2, owner—agent phase 2875 1 X DITED 3 2D
#7321 — (B4 (91.67%), B6 (96.43%), B8 (91.67%))
L, agent—dog phase IZBIJ 5 4 20h 7 T — (B4
(97.62%), B6 (91.67%), B9 (93.65%), B12 (90.48%))
IZBWT, 2 ADHIO—F2Z1E 90% L L TH o 7. #at
fENTCIE, 2 AD T —=FBO—FHHEKN 90% % B2 TV A5
HArgom Tl A\HOa—=FPa—74 7 LR EHF
L7, —%KIE, % phase BLI KA TTVICBIT A4
WEEB L OEEMFICBNT, Fl1a—-FegE2a—%
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xR 1 ZMEEOBEIEIC OV TOEBMITHE T 2 v EORIZE

Table 1 Owners’ answers to the questionnaire about jealousy in subjects.

D ﬁw4z®%%¢§%w BB DA % %f@%%@ﬁ%w W& T DT T OYRIE O A\ W EH R
(10 BtRY) (5 Bxh¥) (5 Bxlt)

DO1 8 flio £ 2 4 2 [EQR XA

D02 8 s> £ % 3 4 EQN B Bli0]

D03 7 fil\VE & OBR 4 3 v XY

D04 6 flrod A % 4 4 EQN LS amin)

D05 5 oo £ X 2 2 VW R ANHH

D06 5 %72 L 1 1 N3 AN

D07 4 fliod £ 2 4 3 EQR B ALY

D08 4 it 3 3 % 7% L (ZFE)

D09 5 fiv 3 & ORfR 4 |7 L ARYE HH

D10 8 flad 4 X & F 2 4 3 %7 L (ZBLHY)

D11 2 o> £ 2 5 5 Mm% 7% L (B2 IenY)

D12 5 Fit 3 3 Vi 2 ASHA

D13 1 %7 L 1 1 VW R (B2 Behy)

D14 2 |7z L 1 1 [EQR XAy

D15 10 flio £ X & e b 5 5 [EQR B BEHY

D16 7 fBo> A % 4 4 R (B Eehy)

D17 7 fij v 4 2 EQA KRy

D18 7 flir 4 X & xa 4 2 Y3 ANHA

D19 8 flsd =y b 4 3 Vg (B2 RenY)

D20 1 &7z L 1 1 Wz A

D21 2 s> £ 2 2 2 ARV (B2 men)
Mean 5.33 — 3.19 2.70 — —

SD 2.55 — 1.30 1.23 — —
ésgﬁfm DEIEIZDWT, Cochran D Q MEZ W THEEEL
= FlL7. 22T, foT—Y x> &R LT Pepper ®
HBENETEL 720, BODI—5 1 ¥ 1% NAO & Fake
Dog TN H 2 b DOMFHAITO72012 BI & BRI L
7o F70, HEOF ALITRT LI, p EEEH L
£ 004434 i £, owner—agent phase ® B4 ¢ agent—dog phase ®

BI2 CBWTHEREN RO LN,
(a) Owner—agent phase

¥ 7z, Bonferroni % THli 1. L 72 McNemar %€ & W
" o e T, INHDOFBIOVT2O2D0EMDERT O p %
%o-a é ngoﬁeéog B L7z, McNemar BEDFEF:, Cochran @ Q % Tl
g o owner—agent phase |25} % B4 & agent—dog phase
-“;;M o p=o0ss 2B 5 Bl TEREENH > 72H DD, owner—agent
e | e phase 1251} 5 B6 TRRVTHOZMOATI2b A
3024. ﬂ m ’_ﬂ Bonhhrol. —7, 3 12”9 & 912, agent—dog

°° 84 B6 - B12 phase 2817 % B12 TIXAEENH - 7-.

(b) Agent—dog phase

B3 % 45MIBT A4 XOGHSNIATHOHIEG O
Fig. 3 Comparisons of the proportions of dogs exhibiting each
type of behavior in each of the four experimental con-

ditions.

\Z/RT. 3.3.4HTHRR72X 912 B10 Tld NAO, Pepper,
Fake Dog ® 3 2D T, TNUNDEMETIE4DOD5%
BOHT, 4 APL—Y 22 FOFTLSEENATE)
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4.2.3 *FSHIOTE=E/FTENH

HIH & FRROFNET, ANREEE A - RISKEES31T T
Cochran @ Q ¥i% & McNemar # % % Bonferroni % THli
WEL7MEHRNT 24T 272, A XD A ATHE ST 720
1%, Leaver 5250 Ky hDLoIFx 2720w b A%
W72 SEBRC/RNRE L - KRB & U TREGRTHRIT 24T o 72
L2, MOEBTEIREBOAPREVTRY PO LT
RS 728V (D RITIE DN & JITEBEEN D LT
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X 2 owner—agent phase & agent—dog phase |23\ CiFi
DOxFGE L7ATE) & Kb

Table 2 Categories of behaviors and reactions recorded during

both owner—agent and agent—dog phases.

(a) DA F T

FHIOX G & L7z A X DOfTH)
Bl filVnwEr -y FORICAS
B2 fi\F AL S /S
B3 I—Tx v M /T
B4 y— L
B5 A ML A ZIRTATE) [20]
B6 K&k -KRz5
BT fAVWEOKR PO —T 2y MR A
BS F7 OZ TR
B9 T —UxY OIS /MY
B10 T—Y=x¥boyig (F) (s /5
Bll T—Yx ¥ hORETICMNL /AT
Bl2 I—VxrhOBFIIMNL /AT

(b) KIEDH 7 1)

Behavioral Category
I—Vx Y MIEHRTHENRS (1 HH)

C1
W B L 72

Gy TTYEY MEEHTHEAL (2 EH)
BERE L7z

o3 I—V Y MIERTHIEN (3HH)
BB L 72

I I—Yx ¥ P EEo7 (1 H)
B B L7z

Io I—Yxy NP EST (2 1H)
BB L7z

I3 I—Txv "% FEST (3HH)

BB L7z

TENS, HREOKZENL—T 2y MTHTH4 20
TENC B L 52 5B TH S Z EATRE SN [11] 720
Thb.

INRIRHE & KRBV I DWW T, N Z 1 Cochran ® Q
%€ & Bonferroni 12 & U #i1E L 72 McNemar #%€ % F W
TpEEZHELL-HERE2MEHOR A2 BLIUR A3 I
7/R9. owner—agent phase |85 B4, B6, BS IZDW

T, B4R L9, MR E S AREERD 5
»o7:. agent—dog phase BT % Bl4 O)EP NN
Tld, Cochran ® Q MREIZB VT 4 DDOEMB THEE
(p=0.029) »@BH BNz LA L, McNemar HE Dk
B 5IRTLIC, EOXRTICLAEERZBROONE
oz,

4.2.4 TR % TEEHE

9, AETIZBT2HVEDTHIZOVT.
DHERE L, ARG ORI > TREOHRRIZSH 5
BTzl /\’CEO 7. L’ L, Fake Dog CTld, EBRZED
AVATUEBLIEE A% L, AL— R T~NEHET 2V
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FLAL

K3 EATTVOAROITHERGICHT S 2403 —512L5

O—=74 ¥ TRERO—FERO LK
Table 3 Comparisons of the concordance rates between the
two coders’ decisions about dogs exhibiting each type

of behavior and reaction.

(a) BATEIO—HR

Concordance rate
Behavior =~ Owner-agent phase Agent-dog phase
Bl 71.43% 85.71%
B2 64.29% 82.14%
B3 55.95% 70.24%

[os)
'

B5 79.76% 80.95%

Bs  [N9643% N [9n67%
B7 73.81% 70.24%

mo i oman
B9 82.54%

B10 58.73% 82.54%

B11 73.81% 78.57%

B12 83.33%

(b) BRIED—BER

Reaction Concordance rate Choen's
Cl 0.252
C2 0.22
C3 44.05% 0.105
11 45.24% 0.134
12 48.81% 0.155
I3 39.29% 0.0931
5 0 EEE Google_Home
2 = NAO
_ﬂ;": 0.8{ =1 Pepper
8 [ Fake_Dog
% 04 —— —_—
é 0.2 l
= 0.0 BS

B4 B6

(a) Small dogs

I3
o

EEE Google_Home
== NAO

=1 Pepper

[ Fake_Dog

°
@

°
>

3
=

Proportion of Dogs' Exhibiting Behaviour

Allo
— T T

B4 B6

=
|

(b) Large and medium dogs

4 owner—agent phase TO%% 4 &MFIZBIF A4 XOFE S
TATEIOEIAIZDWT DA XDOH A AR O [k

Fig. 4 Comparisons of the proportions of dogs exhibiting each

type of behavior in each of the four experimental con-

ditions in owner—agent phase between sizes of dogs.
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(a) Small dogs
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(b) Large and medium dogs

5 agent—dog phase TD% 4 £FICBIT 54 DG5S N
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Fig. 5 Comparisons of the proportions of dogs exhibiting each

type of behavior in each of the four experimental con-

ditions in agent—dog phase between sizes of dogs.

6 Fake Dog D% T DV E DA X DF)
Fig. 6 Examples of a dog sniffing the rear of the Fake Dog.

7 K% MIX L T Fake Dog DEEERIZfiliL 2 /NEIK D]
Fig. 7 Small dogs stretching its the body to touch the head of
Fake Dog.

WEH W,

FAA 11 Cld, agent—dog phase (2381} % Fake Dog ®
REE~OF (B12) 2472724 X DFIEDIPD T - =
Y MNERRTHEEICEP -T2, 20O [HE~OFM (B12) |
ELTE, 6DLHIC, BHOIIBWEBC LX) 21TH)
L L BEE NIz, FDIED, Fake Dog ~DfEflik LT
&, (7)) RE - B (K 8) ~oiEfiltd Blig s,
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X 8 Fake Dog O H %% <{ 1 X () & Fake Dog D& % £
T R B A X (A5)

Fig. 8 The dog in the left picture scratching the back of Fake

Dog, and the dog in the right picture keeping touching

the neck of Fake Dog with his muzzle.

M9 r—YxrOFIHNL A XDH
Fig. 9 Examples of dogs touching the hand of agents.

10 HEWBHEZ T L) ICHVEL T -V 2 v FEZRHIED
B4 DB
Fig. 10 The example of a dog gazing at the dog’s owner and

an agent alternately as its social reference.

X 11 AERTH->TH NAO DTN 5L 5]
Fig. 11 An example showing that small-size breed dogs can
touch NAO’s head.

IR TH > THR 7 D L9 IV EDORRLCHE TR R &
B\ TR % H1E L C Fake Dog OBENEfL L Tz, F72,
Fake Dog et DAL= = ¥ DO MEZ AT Tz A
2wz (X 12).

b RENSH LT, YR E LTSS LR v o, F
Ol (K 9) Egsn. 72, IMIRTL, NAO
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(g) Owner—agent phase: Fake Dog (h) Agent—dog phase: Fake Dog

12 Fake Dog DAL= = ¥ FMOFE~ME%Z [T 5 1 X (owner—agent phase O
90%LL |, agent—dog phase ® 50%LL D RER)
Fig. 12 A dogs’ orientation at an agent almost only in the Fake Dog condition (over 90%
length of owner—agent phase and over 50% length of agent—dog phase).

© 2021 Information Processing Society of Japan 1773



BHAIEFRERNEE Vol.62 No.11 1764-1778 (Nov. 2021)

DT EMA B Sz (K 11).

Fro, TV FOBEICEST, finELI—Yx
Y MEZHICES (K 10) &L, HiaeWikzemns Lk
DHERMBIE [14] © &9 AiTE) b B S/,

5. &ham

AREBRIBNTHROEFEAITRETEDTOLEE) TH S,
o A XDfVEILIE, 41 XDL) BHADOAE -7

[Fake Dog| %, Godspeed questionnaire D% Tdh
B [HEMMEL, TAariE], B, Hankomsl, %
| OFTRTOHATHRDIPENA I 7 TFHl L Tw
72. €512, Fake Dog & [HMEOME] 7217 T% <,
[l & [HMM] TH Google Home & 1) fvy X
a7 CTRHii S 7z,

o XD\ FE7-H1L, CGodspeed questionnaire D3 <
TOERIZBW T MIORY FERIHNAITT
BTt L 72,

e agent—dog phase |28} % Fake Dog §:{F D & &2
[Z—=2 2 FO®BRAEW] 7 EOHEMITEI 21T -
TV XDEEPFEICE P, o 72,

Godspeed questionnaire OFE R I THEBEIZL—T =
YNEH LT 25, VL Fake Dog OAFFEICT
BNEE LTS L) Thole, 7L 2IE, EREICA-
7o ZlZ Fake Dog # A CEE > TL T ) flVED Wz,
FATMIRTREYR T — ¥ = ¥ MIFHEICBWTE b2
S OFHliASE & ST b [27]. LA L Fake Dog 13
TUVEHNREZ L Th2I2d 2 0b5T, KYDA 20 L9
CEI SEFTERV. 20X AR LREN DR —5IE
FAVERRLEIELTRENH L EEZONL. AT
EBWTbI =V r PR EfTHIOY Y F 271, &
ML=V 2 DAY T2 arDHELLRDIEDNHR
HENTVD 7). HITA XL ZuRy Tk, EBRE
AAIBO % [0RY M ELT7VL—=3Ir795DTIER
<, ] vy SEEERM-T [HEEW] L LTRAMLE
E, A5 523aZBWTAIBODAITHEKL o
TEEIN TS [24). F72, FEATHIZETIE ARG
DA [17) DFE ZHEDOWTREZ V. T, B L7724 XD
£ %uRy bTHEH L\ AIBO 13T AT ANRT
EEFRLTVAD [24]. 22T, 2O Fake Dog 12t
LECEDOFHMA [ANEROE] OFFFIZL B bONE D
MEER v, LarL, Fake Dog ® [HF D I2d ) 7L
AMEL X, A XOEINEI S 2O REE 52 S EIN
LA,

—7J}C, agent—dog phase |25\ T Fake Dog %) L
THBTPHLEDVWIA XDEEVPAFEICEL, -V
Y hO®RAEBLS] L) HRATEID A SN2 L IFBR
BWETH D, TATE T, A XBT—-Y 20 TH D
T7—%FLo/zAIBORYE—Far bu— L —LH

© 2021 Information Processing Society of Japan

B L CTHEWATE &2 —Ea5% L Twizas, i) Tldiaw
A7 RS 2RI TUE, Fake Dog ORI [I2BWE R O
L) HATHEAB IS WEETEFRE TCE T AL
7210, 72, AETWARAXET A= F L LTI
YME-VTBEZLENETH LD, 4 XSO
BERHRELTI) TV ETTATF v 7 KRB CbHRPHW
LNTE9, [21]. TNHORFETIE, 2 FE—LOD
LRTEVIHIFIEEHEbDD, &tz ib%ET 57 A
f7¥—= 1 & LT Fake Dog DBRADIRHE N T\ 5,
L2 L, REERD#HY-0 agent—dog phase THEIZEW
HEDA APEDO WL — TV = ¥ Mid Fake Dog TH - 7-.
I, AVERL-V N AT arrEo
TWRWESIZARONZATEI TH L 720, EhDT—T x
¥ bR L T Fake Dog ¥V E 25— = » MZHEH
LTWwiwne 2 FHg 2Bk 25 S Twio e &R
bMb, L72d8o> T, ARFEETIE Fake Dog I2H T 5 A X
DRI T 4 THITEPBRBE SN LBV Wb 0D, [
XNHT BT =T = v b & LTD Fake Dog DA HMEAR
YA -

6. AMEFEROEM

KRN T - X-T— T x> b 3EEMICBIT S
I—3x Y P OHEFHESHIE T 2RO ERIT L %550
ThHhb.

$ 9, Fake Dog |ZxF9 % i\ 25 OFFfild & b RlL—
VR TN ITA T HRI -T2y PEERTHERWT &
O L2 A1, fVWEDTTF LT 5 Fake Dog @
BEEEZWHLPIZT LI EIZL T, VT e A X BRI
L/ca3ayr—ay =y NeZEtdAZ e
WHEIC R > TV EEZBND.

—hHT, M-V MRS IT T HhI-V s
v hMEWARTFake Dog ld 77— A M3 v ¥ 7 bFIZBW
THIVESA VY Ty arkeoTWEWIREETH A X
DoOEE LG SRS H L L ER L. 2O
MRIEIA X =Yy VU OMEN A VYT 7 a v
RS L T\ ) 2T, Fake Dog DAL RIE [ o)) &
L CHRET A TTREME R RIZ L T\ 5.

ZLT, IR, 3HEEMIIBLTBRORE
GHhHT—=T 2y MITLECEOEIE L A XDITEO
FHCIEEVEVBFEAT W REMEDS R S, fvE - 1
AR EEBLTESHBOI—Y 2y bOREHGE %27 TT
W LEEATRENTZE VR D,

7. AMREROHIR

9, EIrDT—TVx v b EIERT Fake Dog D712
BELA XOEEIIEMNICEmro72b DD, ZOfRKREH
RIEA XD Fake Dog 123 L TREFHF L TWARELIZR 5
DI TEZ W, 25 ZUTHEMETIEZ—2 = ¥ NI L

1774



BHAIEFRERNEE Vol.62 No.11 1764-1778 (Nov. 2021)

TREFLTCVD A, BHIERZRTTWL 2T 0% X5
FTHIEDHEEL W, L72do T, FWVEOSREFMGE DML
A AT ) 72000, TEIRHMIC N 2 TSN R IEIEL &
WU CEHE T 2 LEDH 5.

RIZ, AR E Lok & RBIR OB %,
A XDKESTHITTHN AT o 7205, HEIK - KEIRD
KR SHE 20 IR T CTHhH o7z, 2OH D1
ELT, fVENOHROEL EAHITHNA. FERRIZIZ
HRREIR R KIIR D CBML TW7zhs, fVESfRRE B
DOTEIZ L e 0H o7z, ZOEBRICSHL 72w
FOLLFHT) -~ rRFhE - FRTHY, EBRHBIO
BEERLLTHE ) T EPREETH - 72,

owner—agent phase Tl¥, £N<ENOLT—T = M
T BENPLZVE I =V 2y MIXFLTIESLHE Y, 5
PRAFNA X 2D L EIMH) &) RFERERSHD b —>
TI—Vxry MIFETH L) IIRRENTWA. L L,
B AR E Z T TR n— O VES I NS DR E
B LCTaI L3R THLEEZLNS, 2L 21T,
EBFHOAXD) — FOFEMOIERBHIToN L. fnE
PHHATHRLTH ) — N3 XOEEOHINICEEL Y
2B REED D B [16].

Z LG, AT IS B CRHERREDSA T TH B, T—
FO—HENREL, T—V 2y FETHEEEDND - 724TH)
Al [=— =~ PO M5 | (B12) OATH -7
A XOFEOMD A 7 T) —% 32— FLT5H &) ICHRET
RETHo/. AZXDT =Yy MITEHEMER A &~
Y7774 T4 ORBAOFHE LTE, ==Y =2 b
TR % R RS &) T HIR D Pointing Test
RHEBOZ -V ML 1R BINSEL2HELH 5.
A OFEBETIIET 2V —Y =¥ FH7B ) Pointing Test
BIT) W TE R olzlz0, 5RIE3A IV
b2 BR S B EHMi 2 A L Tw & 72w,

ZOMDASHEOBFEEEE L CE, fVWEDHFAEIZL S 3
LR D 5. ANOERTIX, EBRZNIZFHOWEIF
Y5 3EMEROEMTH-7/2720, fviEor—T
VM T ARIBEBET 5 ) 2 THANSROEEN
HotbEZbN5[14. LA L, owner—agent phase
¢ agent—dog phase & DR TOXBIEEEZIT > TV
7, TV ry MFHVWEMOA YT a v —
VY MFTEAL XDTEIED L) BENE G 2720
», F72, FOBEDI—V 2y NOEEBED XD i
WEBZ7OPEHR TS 2 LT TE W,

B, KWfETIETr—A N3y s NIBU A8
A XOEMOEELELTEL, LrL, B b A X -
IV 2V bOREEEZLZOTHNE, 41 XHhT—-Vx
ML TRAZ LR, RETRMMBEISZLIZLS
B2 b2 &, X ) BRI 5125 o 7278 b 20 22
Ehh.

© 2021 Information Processing Society of Japan

8. F¢&¥

RIFZETIE, EEREIEASINTVWLIII 2 =7 —
Yay =V b LTDAY—PAE=DR, AN
VNEGRIEETHEL WA MIOKRy b, 4 XIH:
EUERMEINLTVEZLNL A XA —H FH v
T, BhAaRkoaIar—vay - 2—Txy MIX
T HEVEOEIRHA L 3 HEBIIBIT S 4 X ORI
x, L=z v EEFIT T B BEERN % B R N IR
I2& - THEME L7, BREANORSEROGNH» S, Fwv
FiE, v MoKy FEIFF LR WD, 4 XH#
A= % F LLEL o7z 72, fVEIL Google
Home EHEIL TH A XBIAY —H DEMEZEK OB LT
Wi, —HT, 4 XU, flVEFRT—T sy M LT [w
WZWVWWWT | BRERY T4 TREBETHEME L o7
AT arwfiHIMTERE, A XA =~
DHE BEMOBWEWL SR &) ~OFfil % L 7 fEik o]
VIO -V 2y P ERBL THEICE P72, Kl
BOFERIL, £ X T 7—A N -3 % 7 MREIZELEZH
LRREICEN AN T I OMLER O -V v M, &
FTLIAXOFCEDS I F L WEEZ LTI 2=~V
VeoXI—Vxz v PEIERLEVEWV) ZEERIRL TV 5,
AIFFRIGIERN ERETHLLDOD, IFREEICBV T
N FOEEDN— N FTHLAXDOWMFGFIZZITANS
HL—Vxy FOBREHRHEBEEL T ) 2 THKT %
LEZLND.

SEH

[1]  Abdai, J., Terencio, C.B., Fraga, P.P. and Mikldsi, A
Investigating jealous behaviour in dogs, Scientific Re-
ports, Vol.8, No.1, p.8911 (2018).

[2]  Adachi, 1., Kuwahata, H. and Fujita, K.: Dogs recall
their owner’s face upon hearing the owner’s voice, Ani-
mal Cognition, Vol.10, No.1, pp.17-21 (2007).

[3] Bartneck, C., Kuli¢, D., Croft, E. and Zoghbi, S.:
Measurement instruments for the anthropomorphism,
animacy, likeability, perceived intelligence, and per-
ceived safety of robots, International Journal of Social
Robotics, Vol.1, No.1, pp.71-81 (2009).

[4]  Chijiiwa, H., Kuroshima, H., Hori, Y., Anderson, J.R.
and Fujita, K.: Dogs avoid people who behave negatively
to their owner: Third-party affective evaluation, Animal
Behaviour, Vol.106, pp.123-127 (2015).

[5]  Ellis, S.L.H., Thompson, H., Guijarro, C. and Zulch,
H.E.: The influence of body region, handler familiar-
ity and order of region handled on the domestic cat’s
response to being stroked, Applied Animal Behaviour
Science, Vol.173, pp.60—67 (2015).

[6] Gergely, A., Compton, A.B., Newberry, R.C. and
Miklési, A.: Social Interaction with an “Unidentified
Moving Object” Elicits A-Not-B Error in Domestic Dogs,
PloS One, Vol.11, No.4, p.e0151600 (2016).

[7]  Goetz, J., Kiesler, S. and Powers, A.: Matching robot ap-
pearance and behavior to tasks to improve human-robot
cooperation, Proc. 12th IEEE International Work-

1775



RS 2R

8]

[9]

[10]

[11]

[12]

[13]

[14]

[17]

[18]

[19]

[20]

[21]

[22]

Vol.62 No.11

shop on Robot and Human Interactive Communication
(ROMAN 2003), pp.55—60, IEEE (online), DOT:
10.1109/ROMAN.2003.1251796 (2003).

Hare, B., Brown, M., Williamson, C. and Tomasello,
M.: The domestication of social cognition in dogs, Sci-
ence, Vol.298, No0.5598, pp.1634-1636 (online), DOLI:
10.1126/science.1072702 (2002).

Harris, C.R. and Prouvost, C.: Jealousy in dogs, PLoS
ONE, Vol.9, No.7 (online), DOI: 10.1371/journal.pone.
0094597 (2014).

Kubinyi, E., Mikldsi, A., Kaplan, F., Gacsi, M., Topal,
J. and Cséanyi, V.: Social behaviour of dogs encounter-
ing AIBO, an animal-like robot in a neutral and in a
feeding situation, Behavioural Processes, Vol.65, No.3,
pp.231-239 (online), DOI: 10.1016/j.beproc.2003.10.003
(2004).

Leaver, S.D.A. and Reimchen, T.E.: Behavioural re-
sponses of Canis familiaris to different tail lengths of
a remotely-controlled life-size dog replica, Behaviour,
Vol.145, No.3, pp.377-390 (online), DOI: 10.1163/
156853908783402894 (2008).

Merola, I., Lazzaroni, M., Marshall-Pescini, S. and
Prato-Previde, E.: Social referencing and cat—human
communication, Animal Cognition, Vol.18, No.3,
pp.639-648 (2015).

Merola, 1., Prato-Previde, E. and Marshall-Pescini, S.:
Dogs’ social referencing towards owners and strangers,
PloS One, Vol.7, No.10, p.e47653 (2012).

Merola, 1., Prato-Previde, E. and Marshall-Pescini, S.:
Social referencing in dog-owner dyads?, Animal Cogni-
tion, Vol.15, No.2, pp.175-185 (online), DOI: 10.1007/
$10071-011-0443-0 (2012).

Merola, 1., Prato-Previde, E. and Marshall-Pescini, S.:
Social referencing in dog-owner dyads?, Animal Cogni-
tion, Vol.15, No.2, pp.175-185 (2012).

Mongillo, P.; Adamelli, S., Pitteri, E. and Marinelli,
L.: Reciprocal attention of dogs and owners in urban
contexts, Journal of Veterinary Behavior, Vol.9, No.4,
pp.158-163 (online), DOI: 10.1016/j.jveb.2014.04.004
(2014).

Mori, M. et al.: The uncanny valley, Energy, Vol.7, No.4,
pp-33-35 (1970).

Morovitz, M., Mueller, M. and Scheutz, M.: Animal
Robot Interaction: The Role of Human Likeness on the
Success of Dog—Robot Interactions, Proc. 1st Interna-
tional Workshop on Vocal Interactivity in-and-between
Humans, Animals and Robots (VIHAR), pp.22-26
(2017).

Pongréacz, P., Vida, V., Banhegyi, P. and Miklosi, A
How does dominance rank status affect individual and so-
cial learning performance in the dog (Canis familiaris)?,
Animal Cognition, Vol.11, No.1, pp.75-82 (2008).
Prato-Previde, E., Nicotra, V., Poli, S.F., Pelosi, A. and
Valsecchi, P.: Do dogs exhibit jealous behaviors when
their owner attends to their companion dog?, Animal
Cognition, Vol.21, No.5, pp.703-713 (2018).
Prato-Previde, E., Nicotra, V., Pelosi, A. and Valsecchi,
P.: Pet dogs’ behavior when the owner and an unfamiliar
person attend to a faux rival, PloS One, Vol.13, No.4,
p.e0194577 (2018).

Qin, M., Huang, Y., Stumph, E., Santos, L. and
Scassellati, B.: Dog Sit! Domestic Dogs (Canis famil-
iaris) Follow a Robot’s Sit Commands, Companion of
the 2020 ACM/IEEE International Conference on
Human-Robot Interaction, pp.16-24 (online), DOL:

© 2021 Information Processing Society of Japan

1764-1778 (Nov. 2021)

[23]

[24]

[25]

[26]

4t

10.1145/3371382.3380734.

Saito, A. and Shinozuka, K.: Vocal recognition of own-
ers by domestic cats (Felis catus), Animal Cognition,
Vol.16, pp.685-690 (2013).

Schellin, H., Oberley, T., Patterson, K., Kim, B., Haring,
K.S., Tossell, C.C., Phillips, E. and d. Visser, E.J.:
Man’s New Best Friend? Strengthening Human-Robot
Dog Bonding by Enhancing the Doglikeness of Sony’s
Aibo, 2020 Systems and Information Engineering De-
sign Symposium (SIEDS), pp.1-6, IEEE (online), DOI:
10.1109/SIEDS49339.2020.9106587 (2020).

Shaw, N. and Riley, L.M.: Domestic dogs respond
correctly to verbal cues issued by an artificial agent,
Applied Animal Behaviour Science, p.104940 (online),
DOI: 10.1016/j.applanim.2020.104940 (2020).

Weiss, A. and Bartneck, C.: Meta analysis of the usage
of the Godspeed Questionnaire Series, 2015 2/th IEEE
International Symposium on Robot and Human Inter-
active Communication (RO-MAN), pp.381-388, IEEE
(2015).

o IUEE T, SFEAE A v I A v av ErSILB
AR =Y = v PO L - OREEEHRE D
MR, ba—< A ¥ 72— REEFHLE, Vol.17, No.3,
pp.307-316 (#+ >~ 7 4 ), DOL 10.11184/his.17.3_307
(2015).

EZs

Al fHEMEER

%+ A1 Cochran ® Q EDFERB L %% D owner—agent

phase ¢ agent—dog phase |[CB\WTK N 7 T OFTH)
R A XOEEGO IR

Table A-1 Comparisons of the results of Cochran’s Q test

and the proportions of dogs exhibiting each type
of behavior during the owner—agent phase and

agent—dog phase of each conditions.

(a) Owner—agent phase

Proportion of Dogs Exhibiting Behavior

Behavior (Match rate) ~ Google Home NAO Pepper Fake Dog Cochran’s Q@ p
BA(91.67%)" 9.52% 4.76% 23.81% 23.81% 9.000 0.029
B6(96.43%) 9.52% 9.52% 14.29% 14.29% 1.200 0.753
BS8(91.67%) 14.29% 28.57% 14.20% 14.29% 3.240 0.356
BI(82.54%)" - 9.52% 0.00% 47.62% 16.800 0.000
B12(83.33%)" 0.00% 19.05% 4.76% 66.67% 31.340 0.000

(b) Agent—dog phase

Behavior (Match rate)

Proportion of Dogs Exhibiting Behavior
Google Home NAO Fake Dog

Pepper Cochran’s Q@ p

B1(85.71%)" 28.57% 4.76% 4.76% 9.52% 7.846 0.049
B2(82.14%) 38.10% 38.10% 23.81% 38.10% 1.588 0.662
B4(97.62%) 23.81% 23.81% 23.81% 23.81% 0.000 1.000
B5(80.95%) 9.52% 23.81% 14.29% 9.52% 3.000 0.392
B6(91.67%) 0.00% 14.29% 14.29% 19.05% 4.909 0.179
B8(88.10%) 33.33% 28.57% 28.57% 23.81% 0.750 0.861
B9(93.65%) 0.00% 4.76% 0.00% 14.29% 3.500 0.174
B10(82.54%) 0.00% 9.52% 23.81% 14.29% 1.556 0.459
B12(90.48%)* 0.00% 0.00% 9.52% 23.81% 9.571 0.023
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& A-5 Bonferroni 12 & A #lilE2 5 #1% L 72 Wilcoxon 55 FIE
MR SE % I\ 72 Godspeed questionnaire D& EFHIZH
J5EGFEMHOXT O p s L URRE r DILE

Table A-2 Comparisons of the results of Cochran’s Q test and Table A-5 Comparisons of the p-values and the effect size, r,
the proportions of small dogs exhibiting each type of each pair of conditions in each factor of God-
of behavior during the owner—agent phase and speed questionnaire using the Wilcoxon signed-
agent—dog phase of each conditions. rank test with Bonferroni correction.

(a) Owner—agent phase (a) HEAAL
Proportion of Dogs Exhibiting Behavior -
Behavior (Match rate) _Google Home NAO Pepper  Fake Dog  Cochran’s Q  p Condition z p r
BA(9L.67%) 714% 7.14% 28.57% B57% 7714 0.052 Fake Dog-Google Home 0.128 1.000 n.s. 0.010
B5(96.43%) 14.20% 14.20%  2143% 21.43% 1.200 0.753
BS(91.67%)" 7.14% 28.57% 14.29% 14.29% 2714 0.438 Fake Dog-Pepper 8.848 0.000 * 0.689
BO(82.54%)° 0.00% 0.00% 0.00% 35.71% 15000 0002
B12(83.33%)" 0.00% 28.57% 7.14% 57.14% 16.034 0.001 Fake Dog—NAO 10.639 0.000 * 0.828
Google Home-Pepper —8.720  0.000 * —0.679
(b) Agent—dog phase Google Home-NAO —10.511 0.000 *  —0.818
Proportion of Dogs Exhibiting Behavior Pepper-NAO 1.791 0.440 n.s. 0.139
Behavior (Match rate) _Google Home NAO Pepper  Fake Dog  Cochran’sQ
B1(85.71%) BW5T% 0.00% 7.14% 14.20% 5.526 0.137
B2(82.14%) 35.71% 3571%  35.71% 12.86% 0.273 0.965 P
BA(97.62%) 21.43% W% 285T% 28.57% 0.474 0.925 (b) AdntE
35(80.95%) 14.29% 28.57% 14.29% 7.14% 3.800 0.284
B6(91.67%) 0.00% 14.29% 14.29% 21.43% 3.900 0.284 Condition z D r
BS(88.10%) 35.71% W% 35TI% 21.43% 1571 0.666
B9(93.65%) 0.00% 0.00% 0.00% 14.20% 4,000 0.135 Fake Dog-Google Home 3.231 0.007 * 0.230
B10(82.54%) 0.00% 14.20%  21.43% 21.43% 0.286 0.867
B12(90.48%) 0.00% 0.00% 14.29% 14.29% 4,000 0.261 Fake Dog-Pepper 10.841 0.000 * 0.770
Fake Dog-NAO 13.254 0.000 * 0.942
. oo ok N S A 2 .

& A3 Cochran ® Q HIEOHRE L V% 5IFD owner—agent Google Home-Pepper —7.610  0.000 * —0.541
phase © agent—dog phase |25\ C#7 7 7 D7) Google Home-NAO ~10.023 0.000 *  —0.712
R - KEROEG O Pepper-NAO 2413 0095 ns. 0171

Table A-3 Comparisons of the results of Cochran’s Q) test and
the proportions of large and medium dogs ex- (c) HAITE
hibiting each type of behavior during the owner—
agent phase and agent—dog phase of each con- Condition z p r
dition. Fake Dog-Google Home  2.878  0.024 * 0.224

Fake Dog-Peppe 7.377 0.000 * 0.574
(a) Owner—agent phase g-repper
Fake Dog-NAO 8.933 0.000 * 0.695
Proportion of Dogs Exhibiting Behavior
Behavior (Match rate) ~ Google Home NAO Pepper Fake Dog Cochran’s @ p Google Home-Pepper —4.499  0.000 * —0.350
BA(L67%) 14.29% 0.00% 14.29% 14.29% 3.000 0.392 *
B6(96.43%) 0.00% 0.00% 0.00% 0.00% - - Google Home-NAO —6.055 0.000 —0.471
BS(91.67%) 28.57% WETH  14.29% 14.20% 3.000 0.392 Pepper-NAO 1.556 0.718 n.s. 0.121
B9(82.54%)" 0.00% W% 0.00% 71.43% 7.600 0.022
B12(83.33%)° 0.00% 0.00% 0.00% 85.71% 18000 0.000
(d) FHEO T
(b) Agent—dog phase
Condition z P T
Proportion of Dogs Exhibiting Behavior
Behavior (Match rate)  Google Home NAO Pepper Fake Dog Cochran’s Q  p Fake Dog-Google Home 5.820 0.000 * 0.453
B1(85.71%) 28.57% 14.29% 0.00% 0.00% 4714 0.194
B2(82.14%) 42.86% 42.86% 0.00% 28.57% 4.000 0.261 Fake Dog—Pepper 9.829 0.000 * 0.765
BA(9T.62%) 28.57% 14.20%  14.29% 14.20% 3.000 0.392
B5(80.95%) 0.00% 14.29%  14.29% 14.29% 1.000 0.801 Fake Dog-NAO 9.765 0.000 * 0.760
B6(91.67%) 0.00% 14.29% 14.29% 14.29% 1.286 0.733 Gooele Home-Pepper —4.008 0.000 * —0.312
B8(88.10%) 28.57% 28.57% 14.29% 28.57% 0.818 0.845 g pp : ) :
B9(93.65%) - 14.29% 0.00% 14.29% 1.000 0.607 Google Home-NAO —3.944 0.000 * —0.307
B10(82.54%) 0.00% 0.00% 28.57% 0.00% 1,000 0.135
B12(90.48%)" 0.00% 0.00% 0.00% 42.86% 9.000 0.020 Pepper-NAO —0.064 1.000 n.s. —0.005
& A4 Godspeed questionnaire (23D flVWEIZL AR T -V = (e) ettt
- N . s
F OFHOILEL (Friedman 8% ; *=H &% (p < 0.05)
PR B NT-FR) condition z p T

Table A-4 Comparison of each agent’s rating by participants Fake Dog-Google Home  0.578 1.000 n.s. 0.058
based on Godspeed questionnaire (Friedman test; Fake Dog-Pepper 3.193 0.008 * 0.321
significant differences p <0.05 are indicated with *). Fake Dog-NAO 1.734 0.497 n.s. 0.174

Gonge Tioms 0 o oo Dos Google Home-Pepper —2.615 0.054 n.s. —0.263
Scale Mdn(IQR) Mdn(IQR)  Mdn(IQR)  Mdn(IQR)  Chisquare value  p Google Home-NAO ~1.156 1.000 n.s _0.116
BEAME” 2(1-3) 4(3-4) 4(2-4) 2(1-3) 231.585 000 ! ' o ’
At 3(2-4) 4(3-4) 4(3-4) 2(1-3) 290.372 .000 Pepper-NAO —1.459 0.868 n.s. —0.147
Atk - 3(3-4) 4(4-5) 4(3-5) 3(2-3) 153.036 000
AIEO R 3(3-4) 4(3-4) 4(3-5) 3(3) 208.028 .000
Ttk 3(3-4) 4(3-4) 4(3-4) 3(3-4) 18.758 000
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