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Abstract

Not only emotions affect physical sensations, but they also have an impact on physical movements. The responses to emotions vary
depending on the type of emotional stimuli. However, research on the effects of emotional stimuli on the activation of bodily
movements has not been rigorously examined, and these effects have not been investigated in Autonomous Emotion Recognition
(AER) systems. In this study, we aimed to compare the emotional responses of 20 participants to three types of emotional stimuli
(words, pictures, and videos) and investigate their activation or deactivation for the AER system. Our dependent measures included
emotional responses, computer-based self-reporting methods, and bodily movements recorded using motion capture devices. The
results suggested that video stimuli elicited higher levels of emotional movement, and emotional movement patterns were similar
across different types of emotional stimuli for happiness, sadness, anger, and neutrality. Additionally, the findings indicated that bodily
changes observed during video stimuli had the highest classification accuracy. These findings have implications for future research
on the bodily changes elicited by emotional stimuli.
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B Subject-wise colored activation

A Initial screen with blank bodies and deactivation

C Subject-wise combined
activation/deactivation map

D Subject-wise
emotional BSM feature

Figure 1. Process of BSM extraction. (A) Participants were instructed to
colorize both avatars after viewing emotional stimuli. (B) Participants clicked
on the body parts they believed would be activated (left avatar) or deactivated
(right avatar) based on the presented emotion. (C) The recorded points were
aggregated to combine two bodily maps. (D) Each participant's BSM
represented the degree of activation for 19 body parts across 7 emotions.
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A Body Jomt configuration B Initial screen (presentation of stimulus)
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C Body movement tracking

3-dimensional Euclidean
sumof 150 X 3 x 19 7 emotions
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Figure 2. Process of BMM extraction. (A) The 19 body parts defined in this
study. (B) Emotional stimuli were presented for 5 seconds. (C) Measurement of
participants' body movements in response to the generated emotions. (D)
Calculation of average body movements per body part for the 7 emotional states.
(E) Based on the derived averages for the 7 emotions, the activation levels were
determined by subtracting the reference value from the movement values
specific to each emotion, resulting in the representation of BMM (19 body joints

x 7 emotions).
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Figure 3. Experimental procedure
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Table 1. Interpretation of emotional distinctiveness in BSM by emotional

stimuli.
Emotion Word Picture Video
full body full body full body
Happy activation activation activation
Sad lower body lower body lower body
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Angry activation activation activation
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full bod; full bod; full bod . = _
Happy activa(t)io}rll activa(t)io}rll activa(t)io}rll AA &3 Y F=HAmount of movement)E F438F A3}
] head, lower body o full body (Figure 7B)= 7HA A= 274 7doA BARCR §ojn st
Sa activation ead activation L -
hand deactivation deactivation Z}o] 7} VERE AL (F(2,38)=11.115, p <.001, 12=.369; ¥+°] mean
. head, limbs full body = 4341, AbZ] mean = 38.57, %J /¢ mean = 47.06) 773 e} =7
Surprise - deactivation deactivation Tl EAROE Sou)st xpo|7F LERFT (F (3298
An upper limbs head upper limbs - - oA == T b (F (3.298,
ey activation activation activation 62.670) = 26.866, p < .001, 12=.586). T= 3}, 7+ A A=} 714 AL
. head, lower body full body s = _
Disgust deactivation ) deactivation el BT AE ZATE R (F (5.584, 106.105) = 7.430, p
Fearfl _ ] fullbody < .00, n7= 281). A% BAE £ A, G4 ATl AR
activation = = oo - o o oelo © Ao
Neutral full body full body upperbody ;q"‘l »J—Ziy—q— 'ITA U] 6‘]'7'“ T~ wmTmir=E E—o] L. A=
U deactivation deactivation deactivation AR 2= ZAHTH

FANAT (p < O0) o] 23]
folu) A Kol AL FAY T} (p < .05).
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o o = o] E
3.2.3 BSM %2 BMM 7|1} Classification Accuracy jj:ﬁ oj: ;‘i:] :iz 7; e fz ?ﬁ;jq N 2 2 O]j :;Pi 32
gol 7k el w2 A%, 4 H3ls Hoch 2 A
#Y A= 8 F29 BSM, BMM £ Fdl 2F BEEE  AAE 5o = B3N E Ao whE A, A7
vl et7] 18] LDA, SVM, DT, RF, DNN RE&-& ARgste] RS} 7]& A5 (12, 14,15, 16, 1719] 279} v 23 s
AArskitt (Table 3). ©hof, AR, 94 =2 complete Heol= Ze stk A€ S, FF] AALS =2
classification accuracy ¢ H2 Z+ZF 31.69%, 28.43%, 33.89% AA7Ie} tfE A vE =2 A=z EA o] yEhH
(chance level 14%) ©] t}. S5 AA2 W2 A7 vE ARl vl W2 =
Table 3. Complete classification accuracy by emotional stimuli. EAo] el BEx9 A2 e AA7e o2 A9
Model  Features Word Picture Video H8] =& ZAAdxe ERXo] Hyom, deo AAHLE Yo
Lpa  PSM AT B190%  B4T6% giiel the gl vis) R ZAEe] S0 thehde
BMM 9928% S0I9%  BIOR gastqck o tebt ad A4S el met 398 gel
svm oM SRR SRR BE T 04 wkgel iwt Aelg stk A1E ATE 14,
TR TR isjel e 4k Aol thE ATl va] 2449 24L o
o BSM 21.91% 26.19% 25.71% Sgmely 4AS SHY AME sl AS wed w
BMM 27.14% 23.34% 31.43% o Bos e e e =
BSM 27 38% >7 86% 29.76% ATlME 71E A7 23et FdsA 4 A=ol o
RF BMM 29.52% 26.19% 33.33% ARAORE 22 M EE EE0he A5 AU FAA A
DN BSM 30.21% 23.96% 32.30% FAANM o AFel wsl W2 AAMTE Hele Ae
BMM 35.47% 29.17% 38.54% AT o) E Tl A A5 FEjel wEM T4
Average 31.69% 28.43% 33.89% Aol e AL, AA 7T AL §uakst 4 gl e
skl
4.2 4.2 717 245 ol uh-& BSMEBMM 9| 7+ 2 So| 3
B Q73749 33 AFRe], AR, Gl mpep g T AR AR AT e A g9 24 A A
7ol BAE AT W Ax 9AAozm Ul AR +2Ae] AAA EolF Tl AFA Aol7F YEUE AS
Solgo] AR Al2gl Aol & ol i) Felspux  HUSTRL A 5ol W BSM, BMM whge] @ H2
ek olol mel, £ ATelME A Ao} Fo aze oA Aldl GES Aol AA 44 4- A
EEFAT A WA, 71E QTN AR A g A7 7191 BE AR, B AR QA el DA =
(hol, A7), Aol FAT AR AUee Sdasgn e Mool HAT ol T AR A Aol Ay A= AES
AT AT FASA 3 AFo] the A uls) gy BHEF, SEANS iU 29 el WA H
S5 A BHDE FANYTE T AAR, gy AFe) WL BT ST A FHA D A7 21, 229
wal AA 7zke] BHE Ax W Ax e gam A BE, B AACNAM GAS A o] BdstE
Eoldo] 744 Mg ZEAD Ao|do] 9o olsigry. ewolA B £ Sl vdAs H= jHe B
mpxEro 2 olg]st 3 7hA] A A2 F o gAAos wo B HE Qlth & AFelNE Ve A7 Al wdt
HEE £ 2 B4 AT B SUBAAA Fojgo)  FI= BSM BUM ugel AAHo2E THE 2@
T2 2o H]8) L BE ABE 2 Holt AL olstqry. (/T HR A g =& e Tsde A
AR AT el M FAH S0l F5dA Aol o] A&<
4.1 FHAHJA AAH Wg 7S T AH AT gasgo ArHoz = BM L BB, 52 By 2204
AR A= R Fe AR A Solde =Eshled
23S B2 W, BE SOl A AR 27kl o e 45w Aol 7k
N WA 2, 3 714 7+ A2 ol thol, AFR, A4} xpzo giar A= s Al FASHTEBMM 2 5, 55, e, S HAA
FHHQ AR W3S B FAA 2AS fuge 90 4T LR IR ABH Selwe madle
Folstdrh 7= ATE (12, 14, 15, 16, 17]91A]= ) E 9 5 8L, X FoA A A A s ol thst 43} A= 9
AN £ BN B2 AYE 5YE wolm gy P AT E S HARTT, oIS Fol BSM, BMM 2.2
UEt = AA 43 s o] Afol= 4 A=2 FEjol uhe
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