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This study examined how Minimal Motion in social robots is perceived under Proxemic Conditions,
specifically in relation to User-robot distance and spatial arrangement. A 2X2 mixed factorial
design was applied using two distance conditions (60 cm, 200 cm) and two expression modalities
(Unimodal, Multimodal), with Perceived Communication Capability and Perceived Emotion
Expression Intensity as the main evaluation dimensions. The experiment was conducted in a
domestic call—and—response scenario, with surprise as the reference emotion (n=40). The analysis
of Emotional Neutrality showed that surprise produced the same response structure—signaling,
detection, and alertness—across all conditions. In the distance comparison, the Unimodal condition
yielded ¥2=0.69, and the Multimodal condition yielded x?=1.00, with no significant differences in
the standardized comparison tests by rank. This suggests that the reference emotion was perceived
relatively consistently across distance and modality conditions. In the analysis of Perceived
Communication Capability, some items in the Unimodal condition showed significance, three of five
items showed medium or larger effect sizes (Cliff's §), and two items met the reliability criterion
(a=.70). In the Multimodal condition, some items also showed significant differences and strong
effect sizes, but no items met the reliability criterion. For Perceived Emotion Expression Intensity,
neither condition showed statistical significance. However, small—to—medium effect sizes were
observed in two Unimodal items and three Multimodal items, and only one multimodal item met the
reliability criterion (a=.70). Post—interaction Interviews complemented these quantitative patterns:
at close range, Unimodal expressions tended to be interpreted as low—burden minimal cues,
whereas at longer range, Multimodal expressions tended to reduce ambiguity in interpreting
response intention and emotion. Overall, Minimal Motion—based robot expressions exhibited
differentiated response patterns as a function of proxemic conditions, providing initial empirical
grounding for distance—contingent design and indicating that even identical expressions may be
perceived and interpreted differently depending on user-robot distance.
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(Table 2) Hypothesis Formulation
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(Figure 2) Emotional Expression Modalities of the Experimental Robot
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(Table 5) Measurement Metrics and Evaluation Methods
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(Figure 3) Top-View Schematic of the Experimental Setup
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(Table 7) Reliability and Validity Assessment of Expression Design

A% Ax(1-2-359) 2 g gz A (A 71N
A/B $-9) 7] 9E / 42=0.69 A e 32 g FAL AR WS A Bl 43§l
p = 0.65/1.00/0.53 W G D BASUASAA, AAEAES A AolE AHEH R TEIA Ue
A/B b3 BAS W% /4 = 1.00 77 Ae Fx2 s Td. A W) meEky el 98 As e
p = 1.00 (X % &) A = A - AA @A R fA4. 28 2309 A 20 B 7 A" 9% gle

sk - -9y 23S 7R ® 3 RaPERE QA Aol (A/B)= et E

(Table 8) Surprise Expression Across Distance Conditions (A/B)

o %W””(A/B)H]ﬂ HE] R EH(A/B)H]|
20| s WS HS w, od o]fgx ~ oo o .
35 vy T M P i st o
}:L_A] / Z—}Z] / 7:] ] (7]'0 7]'7]]"\5 b T_‘ \__—@H ‘I"‘ 2) X% ] / er] / 07;“
HlE9 A (4) =74 (4)> 7 Al (2) FA(5)>7A(3)>7A(2)
FFol Al (52) 0.69 1.00
Z—test(129]7152) 0.65 1.00
Z—test(25=91715) 1.00 1.00
Z—test(35=9715) 0.53 1.00
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(Table 9) Perceived Communication Capability - GICC, Unimodal

GICC fry=g 234 2 FHF AR (ZF A ) HAxIAFHAER), dgE
Harmdo=
o] SERE A48 5714 95 sEmages | FeEAE
225 /176 7o Ho
= B C-1 C-2 G J—1
ool ey | B0 8o ATl
230l A% 91217} 250 250 Sl S oAk FA oA Agrt
_ _ _ _ X S 1=, s
A cE At | Aagelel Uy | dagell Uy | - B T aie, gl
=K 7tk =4 dria =Zvh ;ﬁ;\: A7) ofEE 3
ar 7]:]_4
t—test(p—value) 0.15 0.61 0.01 0.64 0.30
Mann-Whitney U 69.00 48.00 19.00 48.00 35.00
MW p—value 0.15 0.90 0.01 0.90 0.21
Cliff’s § 0.38 —0.04 —0.62 —0.04 —0.30
Cronbach’s a 0.73 0.45 0.74 -0.63 —-0.38
42.2. SNAS 5y ZERY
(Table 10y Perceived Communication Capability - GICC, Multimodal
GICC HE| R 234 2 3HF AHAH(ZFA ) HAxA(FHAEERD), dg=
Harmdo=
ofm] AAAA AFE A 2179k} AFE A 217 9hs)2 REASA (R e EAE
225 /176 7o Ho
e B C-1 C-2 G J-1
ool ey | B0 8o ATl
230l A% 91217} 250 250 el S oAk FA ALY Agrt
pL J__‘
Az e R | eldegeld UF | kel v | T AAThE, Wl
=K 7t =4 dria =Zch ;ﬁ;\: A7) ofEE 3
an L 7]:]_4
t—test(p—value) 0.00 1.00 0.02 0.85 1.00
Mann-Whitney U 86.00 50.00 20.50 54.50 54.00
MW p—value 0.00 1.00 0.02 0.74 0.76
Cliff’s & 0.72 0.00 —0.59 0.09 0.08
Cronbach’s a 0.19 —4.00 —2.52 —0.19 —0.07

A3t Agk GICCAA FUREY 2L t—test == MWollA] 17]¢]
ol A fFro)ert BZE AL, 570 £ F 3709 F3o] Cliff's §olH 3 &3 A7]9h
£ XSt} Cronbach’s a& &3 AZE(a=.70)F 27] T&olA A& 5= Q3]

e B v }—H P_Oﬂu} @E] g FHLS t—test S MWl 27]2] F-a
+ e a3 A715 et A1E R (a

QA AL VR & RPEERE 94 Xl (A/B)E THeI 2k

43.1. 248 94 3= jURE

(Table 11) Perceived Emotion Expression Intensity - Unimodal

A Ae—fUrg Ell E12 E13 E14 E15
o muh e o = w+viE] 34l
T O=N S 8= - _ -
=7 Ful pEds ‘WAS BoljgEe | XA 247 Holx
wolFe Auony | ¢ EY A o sl gy | TR | SR AT e
AE - o B} 7ol o . xds FrRE |= Ea L A= ST
4 ®dol o Xl =gl Ao
=Rt AR Z&sHAl =AH Aol o ZsHA =R
RS an —
i ARG
t—test(p—value) 0.66 0.42 0.14 0.54 0.54
Mann-Whitney U 55.00 63.00 31.00 42.50 58.00
MW p—value 0.72 0.31 0.14 0.58 0.56
Cliff’s & 0.10 0.26 —0.38 —-0.15 0.16
Cronbach’s a -0.20 —0.39 —-0.62 —2.61 —0.89
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4.3.2. 248 4N 3= ZERE

(Table 12) Perceived Emotion Expression Intensity — Multimodal

A AE-HE g El1l E12 E13 El4 E15
Comu we Ao . =T E+Diﬂlj%1°ﬂ .
. =3 w5 2ddS ‘HALE Eol&Ee g 8471 Wolx
HAFE Ao z2e = * Wz 3 doe] 714 ?} %01 ! ° 7} EobA
AE . o B} 7ol o . 288 Frasd |= EagL g R ST
4 ®xdol . T =] HA o
o B Z3HA =AY Aol o ZatA AR
FEsthar =AAY .
AR
t—test(p—value) 0.17 0.48 0.36 1.00 0.71
Mann-Whitney U 34.00 60.00 62.00 50.00 57.00
MW p—value 0.22 0.46 0.34 1.00 0.61
Cliff’s § —0.32 0.20 0.24 0.00 0.14
Cronbach’s a 0.53 0.07 0.85 0.55 —0.28
744 91A A BN FURY 21 t—test =2 MWoIlA EA1% ool FrE
A ekgkeh eyt Cliff's 8ol 27]9) @o] 2h&—3t avte] sfjdehs ahe w3k A
X (a=.70)= 7S 5% w35 Wdsh] o#inh HHEY 210 t—test S
MWoll A BAA frelado] SREx] ekodrt e Cliff's §olA 3702 £&o] 2F2—53t
Fol] APl ke RATh A E(=70)E 1) Bl B 5 glglon, 27e]
wFe 7hsg e nolo,
4.4, A= QEHF
AE QIER B B AT F2 97t E3) dgses TS AR 12 53 A
o] BFAS glstr] sl meke e A ARE HEstes AAEAT A 29
3¢ SAkaE PPsel dhel a9l 24T B3 QlE A AAE, AR 49} 5
A% E9 % A9 ks ghsank 24 A4 s AR 62 T G 2 B
e S o Zrh
(Table 13) Post-interview Question Structure
Rk A Qe AR
S5l gk g4l 1. 2%0] UE dstar gtk gale] =4va?
o848 9 A 2. 2ol W3 A Agrt old =748 FAer (ex. HAF, A, wig F
AB A (ZF A 2) 3. 2ol & A(H 7AW ®DelA vhethd, 7] ofgA dEbse A 2uer
4. A 7 28 F BBl SHATa =AXA ¢S Hdo] sitkd, oj' mHe|glen 11 olfE Folddrter
HAAZA(FHAER), AL .
5. ZRo] whgo] T A3l dAgle] BHe] dEEdrta AzsiA e
74 78 A= 6. gk TGRS AN RE 2Ro] AaT shEE oEvt SEE =AM e
4.4.1. B3 EIZE(E2HR)
AR 1 AR sjgehs o FPRIlsh s BAs) Arow Wt
(Table 14) In-depth Interview, Validity of the Expression Design (Surprise)
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o HkS QA — A QJEAAHY 58 o BA & A|2H — o] 4 3 F =
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) o Agd 14 — g A @A
AR
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(Table 15) In-depth Interview, Perceived Communication Capability - Unimodal
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(Table 16) In—depth Interview, Perceived Communication Capability - Multimodal
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(Table 17> In—depth Interview, Perceived Emotion Expression Intensity — Unimodal
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(Table 18) In-depth Interview, Perceived Emotion Expression Intensity — Multimodal
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(Table 19) Summary of Hypothesis Testing Conclusions
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