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Background : In contemporary Human-Robot Interaction (HRI), emotional engagement between
users and robots is gaining increasing attention beyond functional task execution. This study fo
cuses on Affective Interaction, emphasizing how robots express emotions and how users percei
ve these expressions. While prior research has predominantly addressed emotion expression thr
ough complex movements or visual appearance, few studies have examined how emotions can b
e effectively communicated through minimal motion.

Methods : To address this gap, this study explores four expressive modalities—Eye (E), Head
(H), Arm (A), and Light (L)—and constructs two experimental conditions: Unimodal (using a s
ingle modality) and Multimodal (combining multiple modalities). Each condition was evaluated f
or its ability to convey discrete emotional states. Participants successfully identified emotional
expressions without prior instruction, with recognition patterns confirmed through A/B testing t
o eliminate random response effects.

Results: The experiment revealed that Unimodal expressions—utilizing only one expressive fact
or such as eye, head, or arm movement—enabled users to accurately distinguish between joy,
sadness, surprise, and anger. Multimodal combinations also supported reliable emotion recogniti
on. Notably, the same emotion could be conveyed through different modality combinations, indi
cating expressive redundancy and design flexibility. Furthermore, nuanced emotional variants, in
cluding positive/negative surprise and active/passive anger, were successfully differentiated usin
g distinct configurations, reflecting findings from prior pilot studies. Across all conditions, reco
gnition was statistically significant (p <.05), with an average effect size (Cramér’s V) of appr
oximately .30, indicating a small to moderate correlation.

Conclusion : The study demonstrates that minimal motion can suffice for clear emotional comm
unication, providing practical implications for the design of expressive yet efficient social robot
s. Future work should investigate the intensity of emotional expressions, communicative effecti
veness in interaction contexts, and user diversity across age and situational settings. This rese
arch offers a foundational basis for designing emotionally communicative social robots with min
imal complexity.
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<Table 1> A Study on the Background of Nonverbal Communication
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<Table 2> Core Hypothesis Formulation
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<Table 3> Motion Factors and Variables of the Robot
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<Table 4> Related Prior Studies on Emotion Expression Design
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<Table 5> Factor Design — Unimodal Condition

ToH To!
o o o _ = _ =
= o o o
g 5 5 5 T T
4 — —
o = z & z & 5z S S
o VLumﬂ o™N N N T Bl T ol
—= S o e I [ A I
= = o — B o B o B o N el
o i o o o o o o . .
2o N uu B uu B uu B XO X %O N
T _u/rm M B N N N wir gm wir gm
o X o X o X
ul] > MM_ e ,x_ by ,x by ,x by S NF S NF
B s oL s ™ o ™ o
o R N N N o o
g N N 5 T %0 T %0
B =K ol go Bo
~
Iy ]
M oo N
A
s )
o " A B - A e A .
= T T , W , \_WL .ﬂ I ‘_lw—wm —
o ~ ~ ~ 2 X —~ - —~ et
o - Tw T =8 B o -
AT ~ oF 0 ) ) ~, N o ~ :.L ~ :.L 0
) B X = 3 2o 3 2o % g
® 5 W o w T g A = P T
T W o i~ o a
W ~ E . _ -l
3 M Bea T 2 ST B g = P
RGN — A ==, g "
= o S - & A - o
< 5 o | H I W Moo
i = (SIS o o
=r +
=T o
=0 ~ o
T T el jod jod =
B < ¥ ™ o] o]
22| <
= e = = — = \J
@ a @' L g w
o .
i
i g g 8 = T g
S S — o = (=}
eﬂwyu S — o S % S
s
o7 @ N o) < Te)
s ~ 5 = = =) =

Q
(]

0H



2.2.2. HE]EZ(Multimodal)

HE| B (o]3) M) 274 el @0lo] 23+ B A" 2o 714 ¥do] H7kx} ol

Aol M= Ges Hrlslr] Y AU Frijda(1986)= EAd =% AFER}9)
Hol g} dkgol} elert debd = vka Bkth mEa] 2 A

o<
av)
2
=
i
oy
oX
:?L_',

~

= 80159 23l wet i) Q1Ae] gahd ¢ dvhe THd S
viero 2 Wem S AAAY 28l E, L, Ax 242 F 79 @431 AR, 1),
HE Al 7FA9) @43 AEl(-1, 0, DE 7 ER, fg ot 23 7Fse 4= 2(E) X
2(L) X 2(A) X 3(H) = 247FAo]t}. o] & ®A ti7](P)ot FHUEEH(ULI-U5)°] 6714

E AlQled, "HHEES F 87}114 9o 2 R a8y 2 ks FE X
T AR e dAHoR AT lemRE AA F9 T HEle A §-919 Zﬁé i
do] ARgxle] QAo 7 & FaS vty ek A8 A+ (Russell & Fehr, 1987)& #}
Fog mE-dF 2o T4 £l 7B 2FMI-M4A)S 27 2o AT
7 FAdL 8 1 2 mE g 12 AolE AFsH] fg Vo s AAYE o,
A S 2 Zol 1= Asslth
<Table 6> Factor Design — Multimodal Condition
L9l A
13) T A, olm| %] xd w2 A (R4) e A A AA ol
, BA g7 el A 2
P 0000 \ - BA7] - FHo= o]F3e A4S
E BT 9%
BE W4 343kl A
] AR /W AL / g
M1 111-1 p— s = 229 o
(1 b #5701 / me) Fol7l(-1) ‘ﬂf’] =9 e
3% A7} s
o
00
] = AR /2 AR / RE ¥4 Bsle|A Helg
M2 1111 et =)
(1 h 2 (1) / el £71(1) E98 Wl 9T B ks
=
2.0s
] = AR /2 ARO) / ule] §77k A mHol
M3 1010 q ¥ &)
(1 h 2 E71(1) / v b (0) A 9 Bk ks
=
o = AR0) /2 AR / wo] A% AeelA the
M4 0101 i =E)
\ h 2 7h98)(0) / Wel 5711 Wl 4 Bl ks
-

o2t Totely,

2.2.3. 2 A @~
oAt BE BALS 7] FEl(P)AlA AlZste] 54 &01% %4 8}71 sl A=, %
2k ZEEe] 7] X E Bolei= Aol HAHE AH

Sk olm, WAL el wAe R AT 5 RS 2 /\M%

% 10% EO} 23]
waslglon, o} Fa wAs] Af-a-FEe] WA/t B SetER sk wa
ARz T et ol aPo vehrh

6



START & Wy ! & Wy LRECIE
- .
PEEELLLLL § bbbt dehtloht R A

¥

1

A '
‘---------l--------------- l-------"

END = 2= !\ =HEY

<Fig 2> Motion Sequence Composition

2.3. AEXA

2.3.1. gAY A9

®dTe el e A ad ale] 3l weh vgskA 7EE & vk
T3 Plutchik(1980)¢] 34 o2}, wd3 A B FHE F¢ 94E = 3]
of gtkar 7%k Spiro9t Jehng(1990)2] A% FA4 o] &ell 2718kl Hig A
Stk olel weh A" e A" 2d T 54 AHe 7P 2 9t ady
= ohE AEsteS sigler, of5 B A d WAl mE Q14 ApolE AFH o
Atk sl 3 Al S I FovE HolHE AR g gle Aow 3
whebar, 297k AEekes Sigitt. i e <Table 7>l YERRITH

2.3.2. Ayl e

=AY ool AAE B HAES AL IE T A A e weed s
ol AR AARGEEAE ET6kaL, 7|4 v AlEststE = AEE Bk (4
EohE [ S E oloprlsiAlEd oW mEkE / i E olop] s 117k8?) o]E Wkl
ste] I AFE mekeo] 38 A/AAA 7 Valence) 2 TEE F JdoH, Ex7F F4
4 747 et e A (Arousa) & AW 54 74 (Unpleasant-Deactivated) &2 214
= Avkal AAIEE Russell(1980) 9] A8}, #1=9] 12 Fger) vho} tp& A} &
T Aako] 9lo] Wl Ao w wakE] R 7] o]E¥ula KId Giambattista et
al.(2016)¢] 75 Faraigivh webd, B A 7] A ATE alReR Ex0t T
T Adow tE F Yo, 53] EA ExF €53 AR A4 AR
A2E ¢ Advhe PSS AAsG) olol wel, & AddAE mekes 384 Ak
o BvE T8/ AR A5t Avg s stk 7] WS vkdst
of HF AAE AEA TS T 2o 12 gt

2~ 0 2=0
74 24 wd Avele e il
e AAEd
1718 23 %g kzeta ol dae AT
255 Z3to] Fasi} Ho) P-elglch
U, M 23
2| 7 2] B3 AES 9 1A — 2
HEA 8% | 3 wele (-3 A/A) S, R A i R e s T @ - an A
3.2. S1AEA T Aegy 2RE A P
3E A — 220 45 LAEoR eclsl]
1R - 5F / F5) P4 AEE A 22 NFFE HAsAT
(4.1, T =3o] A5Ho= spirhi? /4.2, & AITHH?)
5. AFAEH — E, L, A, H 291 3 74457kl /b8 992 @el m2 292 AUz 44 / A9 olf A%

N
Pob
A
o
1
e
-
i
Ho
-



LRl

i’

;o

o

o

w8 wast o Fhks HAasbshr| s Hat A5 55dB o]k g
P o (Astuti et al., 2024), 28& Noise Level & &-&3) 102 140
Atk 7Y A Hes grs] 9 5l ZFEES AAskalaL, 23
(500mm)ell sdst= Az RS AF-st7] 918 6591 SHA BE65C—H &1
skttt o= EUE 7IRF 2b= A7 AA 2R AR 9heS A
- (Giambattista et al., 2016)2 &/ & 3t} 2 A
£ 7|Hke 2 niddojd S 1A=, o= Al
= A8 A (Urakami, 2023)3 SAR 3t} B Ao T2 EEQ] 73 o]
Aol AAAE A A7) 918 GAEA RUE 79 BAE fEEigint A A AL

=
e tevt 2,

X

N
ol
fz
N
Y
N
fo
o
uh
2
e
fu
Y
off
ot

40

SERE—
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<Table 8> Hypothesis Formulation
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<Fig 5> Experimental Result — Valence—Arousal Space

<Table 15> Concluding Summary

<Figure 5>9|

AE T4

i i e 29 Fge BAAAZ 2
A AR 2A5E e a;‘% FE(FURD) = (HE R ;Figure ‘;>
71 - E(1) / 187} 1000 1111 1)
&E - H(-1) / 187} 000—1 111-1 2)
N <4 E(1) / #<l=7} 1000 1111 3)
= U
574 H(1) / E(0), A(1) 0001 0101 4)
= TE A(D) / A1), H(D) 0010 0101 5)
e e H(-1) / H(-1) 000-1 11-1 6)
T3 A7) AnES B8 25 /S oSy 2ol a9kt =2 A sielth
<Table 16> Hypothesis Testing Results
No. Ho (F7H) Hi (J57H4) s 2
AR Aol glow FHvtos AP AT glo] madvte 717k = A/B HIZE A3, AW fel mE fold
! 74 Aol douA] e 7 Aol dofd zpol7h §lo] ARt 2% 714 914]o] 7153t
ool golnto g 9o golnto g 717} — §URSH(U1-U5) 244
2
4 7ol b 4 el b5 i e A
89 %3] w= 291 zgt upe} 717t — HE|RE(MI-M4) 27004 291 3t uj}
§ 72 94 zole e g 9 At gekgl 7 A4 At felsA GER
A Y B Y AL g 717t = B el AR e 29l ZFeIAE
teFsk g9low %3 Bt 8 2FoEE ¥E 7bF B4 E AL E1E
5 ey B ey v 717t = EEgd FAHMAAOE Bt TE/4ToR
A Aol FHEEA S AA Aol A 747 e TEE A AelA FEEA EelE
el Totely, 12



BT T T T ET AT NN T P 1 5 T T W T .
AR N T et R ] CEGFERATHRTRSNET o
IS IR CIEC R AP S SR A S N wfmururmﬂwméamufﬁ
[y " ! s o ' X J v ~ = . 0O
TRTaET T RET LEEhsrod A - R e
' N op — T T g0 oF F odo oy W e at X o N = o X
o T Lo X’ AE‘IAOL\mW O# ~ Llﬁ.J. 0 XAAﬂH]]o» El OE,HLEL.;OU
wOWmoWEmwu,?gmqw_m%%w%%%AE% EMQ%%%MWM%O_Eé TR o o
R E R RS R I S A
wETEEN g ® BB LT o } e Fo ok BN o AT o
T o TR e mong T T BN W =T P e o A T o R oy
T —_ Al ® To _— 0 _ T Ko —_ ~o BK ) S = M R
Wumﬂﬁaﬁaxemciﬁﬂedﬂ&awbﬁdliwﬂ_m_maﬂmOﬂwﬂ mmamuﬂﬁﬁow%%ﬂ_nmw%wjmtor”.m%k_.
o X - (o _ g ~ B ~ - N o ool 0
%ﬂ@%ﬂﬂﬂ&%ﬂz%MW%%%M%% %M?ﬂ%%mm&mLﬁmgmﬂwﬂmmﬂﬂ
7DHLNE ‘WEE;O.._Oﬁjlo ]OTU,UI ]er]‘Ul ,UI 2 \)AIO_HL A 7ﬂo_u Hfﬂ% EO. ni

R e M RO S TR TON | of T TRl eT g W%
U I e Sl N GNP + L = A Ao wmES LR TR R YR
ro RESE w ey AT LS I P R G S I Tl I g g
— & ooy M oo R e M, W R o X R BT Exd=E L, YRR
T Xt Mg X P T NN g ro T N — 9 or
T WAL SRl R TR S = oo 0] o0 2% B X oy W T T
G PERERBIEAC T 5T S pr R R Rs s R T Iy
s Etv‘_ﬂf;okl# .OnﬁJ-OO_E H_AIE‘.#QLOL‘W< ! ﬂvl & I T %o Z,.#lll.l,._md.ﬁ
R e i T R A S B (G~ S W el O B T e S =X
FTh L IR ke E T Lo wml g PITFg logw®E g Ty
N i IR Sy N N N AN Tl T e e DY
X L0 e s AL T o TN S = A MG
o, B _,ouw;oUlM = o ﬂ%qqov L(ﬂucﬁﬂezﬁﬂ AJ.A ﬂ»dﬂﬁ =
P T AP ERECA AR LT T Do W AR i (R Sl CIE
L w T T AT a L MY A g B 9 2T Mo - H B
it o = H N oo Q .O,A_IJIJIDJ ]Lﬂq_%zo J._i ﬂL‘tluNE_X)‘WAdﬂ.zo] o o6 X
oy of X ay — o M o m o X ., 9 bl o ol oY 5B Ty wX B4
oﬁl_l Aa%oﬁ&%oﬂﬂ 5 iﬂoﬁuoﬁﬁi ﬂmﬂam_k I ;olaoﬂnw;_@v
T R oo B Ry L . » ST e S R A A S
o) o Ao LW oy oot ol R o RN e o o = !
M E s p g maa, BNl S A e X ynE T oM o HED
mﬂmuﬁé%wﬂ.ﬁ%m%Q%ﬂﬁm%%%ﬂu@ 3ﬂ%ﬁ%%%%%%?ﬂ@&%zwa
R N B I TN 1 G s - CET o p P T E O B g
e B]ﬂﬂﬁoﬁﬁewmodri%ﬂ%@abdl. o & MK E e W= T 1 o
MHArduNX ﬂoﬂu%ﬁﬁomMm ﬂﬁmﬂgoidl 5 .i;l ﬂﬁ}zoﬁumﬂﬂ] ]ﬂmﬁ
SR T T MW N e N e W e wn Ty MRS T E
BB T N AT TR BV o m TN A w e N T s
I T T i S T R B N B e ETEcRp T e qu MY o
T T T g T g g g X gy AL AETR T E RN = B
ﬂ.xw%uﬂrufa]iduﬁ/u%&.ﬁa‘ﬂ%@r%E%% ZmafrﬂﬂﬂMEEQ@%Q&.&E%H%
TN TR RERST T IWARTITINRT SBTRYARITDTARTSE DT R

13

o]},

=

fei3

gl 71

HRIC] BAA A 74



<Table 17> Verified Hypothesis
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