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The effects of situational factors on human-robot
interaction experience
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Abstract: Systematic and quantitative evaluation of interaction situational factors (i. e., interaction distance,
interaction posture, and feedback style) are of great significance for the optimization of human-robot interaction (HRT)
experience. Using human factors experiment with three-factor intra-group and inter-group mixed design, twenty
subjects were recruited to interact with a robot in different interaction situations. Data on their behavioral
performance, subjective perceptions and eye movement behavior were collected and processed by repeated
measurement analysis of variance. The results show that the behavioral performance in HRI has no difference across
the situational factors. Interaction distance and feedback style have the significant main effects and interaction
effects on the proportion of fixation times. In addition, there exists an interaction effect on mean pupil diameter
between interaction distance and posture. Moreover, three situational factors have significant interaction effects on
user acceptance of interaction mode. The experimental observations provide the important implications for the design
of robot emotion expression and for optimal strategies to improve human-robot interaction experience.

Key words: intelligent robot; human-robot interaction; interaction posture; interaction distance; feedback style;

interaction experience

VLAESR, #haclae A B P A& A TR HLEE N BB 2 700 T &, 5220 4ERT1Y
PaEPRALES NBES 2801, 2020 4F 4 8kE B N 1t 4 060 5. XLEHLEF A THE VIR LS 5

Received: 2022-09-06; Accepted: 2023-02-04; Online (CNKI): 2023-02-23
Foundation: National Natural Science Foundation of China (72101161); Shenzhen Basic Research Foundation for General Projects
(20200813225029002)
Corresponding author: Assistant professor TAO Da. E-mail: taoda@szu.edu.cn
Citation: XIE Binfu, TAO Da, LI Shilong, et al. The effects of situational factors on human-robot interaction experience [J]. Journal of
Shenzhen University Science and Engineering, 2023, 40(2): 244-252. (in Chinese)




2

PR, % TR RS AL T AR 245

YIS kS WL R R R R AR o B
P N S5HLER AR BARS:, (AZESCPRm A S
HLES ANTAE AN . B BRI AN R0 28451 )28 DL AS 6
i, N5 Lg% A 28 H (human-robot interactio,
HRID) B AL#8 A AR G M3 BHREES, B4
Pkt 22 07 AT REHA BHAE UM, TE s A
R Ak, HLER ANATBeAR Y Bl I BE A Y
FHZE HAT J kA ik it 8%, WU BE ) 6 g R 41 B )
R, Mgy T AR, ik, ANSHLEA
I LA 75 2R A 738 BATS 2 25 AR FUR Tl AR 4%
O] mE

A2 0 B e AHLAC H R e Al A sS PR B,
PRFE— A 114 28 B M 2 A 2 5 s R s T B A
ENBRIEE 2, NBRIEE Al )43 2 HE X (>
3.6m), AAZXIE(1.2~3.6m), I AXEL(0.45
~1.20 m) FEF X (< 0. 45 m)4 Fi ABRX L, #
fiE T N B5 2 2 AR [R] 18 5 sl &7 3 B 0o 2 )
LEICHTMANN &5 23 I i B 17 AN BR300 3
Fhoiag, WIERITIhE G IE T AR 250 A
TR 2] () AR B8 g PR ) L R T e Gl 4 A PR
FE ST [ B RS ) A ZE PRy BE (A PREE
BIEN IS BB A MR R B . A
W NPREE 258 2 S ML ASE BAUSOR T 58 28 |
B AMLAS HARSE 52 . 40 WALTERS %5 45
KT WA HhEFE MRS, RRREZHSS
FXF1.2~3.6 m I ANLIKEAS IE B RN IR 4TI, 2R
1M 40% 12 5 F Wi /N T 0. 45 m 19 38 BB 5
PACCHIEROTTI 533 T N S HLa%F AAE & R AH 1
PSS, WA AN SHLE A R AR b, KB
R AL AR, SIS A AR R (0 ~
0.45 m)if, Af1&ESEAREF M. M FiRwFsRnl
H, — A ST EsZ 1 28 IR B AT RE R R R B B
SORMEBE A L. R, AF5E 5 HL I B A S M AL
YN/ R

A& H A SR M AHLAE BRI ) B B
. ZWMRERSEE LA P 5P A
HEZE ., S 58MEZE 7. KOAY 55" i
T AHL 5B 38 B Bl B 4k 38 8 s B 7 [l XHE:
SRR, RILANTEEIK0. 5 m A9 5 2245
RS T R IR NG X i) S I
PAPADOPOULOS %5 3FAl T HL#% AR HIA R B
ShAT ok G5 By A 55 v S D) Rk 0y =X (L T 50 1)
THP RS, RIS S5 B RIPLE A 2SS

B, HAPAERG R RESSE. REH
A TR T 28 A% AL SR 5 1)
S, (HAR G TSR B B A S A AN A A8 H
B 0 SE PR S ORI R AN BARSS, Mk, JE
FAEHAG R 28 B A TEATSR A I3 b B

S5 KA A T RS S A N S HLES A S8 HAREG Y
WEEEE R, LS AW U REZA T B8l & R M
HEEE, RSN RS AN 38 B 47 BE
FRE T BT . KIM &2 F 5 R0, R [R5
& BIHILER NS AT SR B2 B . TR I
2 GRS IRALS . LETZE 8 5 I A
NATTRIHLES AR S 5 (e 2 B o i, EL R S it
EU I AR B B AT TR I 285 i BE R . AKALIN 452
feih, RS RS —E 5 F U br (AT 45 4
RO )G, (HJEHA B R R ML A 5 2 15
FIAAMTORHIE AR A W5 . LA, WALTERS
oo B, MHLEE G HRERETEM I, A
XS AL N EL SR Z M G T S N, T4 HLES A4S
RGPS PR S, AR B 5 )
F A5 KA I A AE 22 P 28 BLAG 35 2514 T 15 31 R Gt
5%, (HAE—ER.

L5 TR, RS IRSs TALER e R
AR K, HEOF AN SHLE8 A S8 57 kA ik
FHEA B, AT E X N 5P AR B 315
FRATHGE, AR BTERG b R Bl
B S AT RS R I B R 6 N S HLEE A S
TARK S

1.1 ZikE

ARG T 20 B TEAS R AES 5500 (B L
5D, AR 24128 (BRMER 25 1. 25)
P B 163, 25 em (Wi 254 6. 58 ecm) . JIrfy
ZRH HA IEH s B e, Jo™E AT
S e, HAIER I BAZ shEe ).
1.2 W ESs

SEHS SR = R RN AL DR A5 2k
HNH T LI AR SE BRI HHE R, dHlalA
TR S A . A8 E S A T TH A EL AN T A B
PR Ho | IR s BRI A S A
PEAT I o) TG X T8 52 L, PR 22 () A R fR T S Ff A
0°; A 2c B ZFRHLER N S5 AT S 5e 5, W



246 RYINRK 4R PR T RR

5540

Z A B AR T e F oM 15° . 22 H B B AR B A B
FE B9 LA S AR I 53 AT S 50 B 2 e A
0.8, 1.5, 2.5 F13.5mPUF. S5k XA 43 R B
Ed G R U i VeS| IR =g A S E = sy Ul
BOE bR (BN sh 2 5 M B e ), 115
BEHE bR (BT S5 1E 6% ) LA R 8h48 bk (32105 1)
SEIEFL AR . AR E XA A B H D
WA ). b, B82S 5 R T A2
H AN S 5K, 82 EE
By Z R XL N s A e B B
PIRAISCHER[18, 21 JFh E IR 1Y e i AR B4R
B FH R VA 22 358 3 1) 17 g e Pt 5 % 14 28 0 A T
T

SEIAT 45 T STk (25, 29 1P Y AL AE AT 45
AT, ORI S L A B liEk B sl 72,
WG AR RS CShERL 255, 1555
BOTERE I8 T b N SHLES N R 5 sl ry v
5 MR Z e, B — @R LI 4R
MM ERZE. £ “HRPX" £5%, Hl
ar AN EZmZE L, REHZEE H T
FERCETE B B 8. %A 5SS N Z (A7 5))
WITRET AT . AE “SIER” 55, BLER
NGEm 323 R —HFHET, RIE1ERZ
R LU R 515 2 B Lo F- 3. FHNE
3 RFHEFERT . BTFAEET, mE DM3
KPRl X AR 22T . AUl A T/
i T AR, IS — D FRIERE. H
th, FRDEMBITEEE THLEE A A S5,
AL &R AN 3, HARW TR
BEEREAMNE. FEE ST, PEANSHETFRIME
PE T BERLA I 8 > T B E A il — A Ty
G, feJa, ML KR Az E = SR 7 5 1 25
ST R S S TN
1.3 KImMRFiRE

SR EA SRR A S ST A — kA
EF T JFET

B HLE AT AR (AR st i)
Fig. 1  Gesture types for the robot (take two-hand movement as

an example).

FHLE N (B A T1-A1-L; 580 em, i 55 cm)
YER TIPS, ZLEs A FFEE . fil
B H N IRAC H., REFE TR E B se b A1 AHLXT
i, B NIRRT HEGR RN D fE
WA NCETE S TR B3 6 L, 45680
FH B ARG, B AHLZ (B 2= YR RETE 20 ~
30 em Y@, DMEE N SHLE A B HA .
S5 K HH Tobii X-120 HR 238 R i 10 sk 32 i T HR
BHES .

SLw I ERT, FikmZENALRER, Jf
SEMNR SN HE. 32 i GG T 55 Fi 2
J&, SRR e SRR sl A R 1 S e S AL
AES (K 2). FHZIE T e 2 Fhse B LA F 4
FhACH FE B 8 AL G I I T B A HLEs A 78 B 5
1E55, 28 H LEHFIAC B 5 0t B34 LA
15 (counterbalance ) i SE 4G I TH N A 7. Fg2H S04
FRaaHT, ZEoRZIEHE LA AR B RES SHLER
NEB, HARFREI 20 LB R, Bl L
N2 A MR B RAFMAZ TR, HLas ATFR
52 E ), ARG “HERBIR” ik
B BEMES. RASREENE, ZiE T E
SLE A 0] 34 5 RS 3 min,  DAJAR AT RERSCIZ 9% 55 ,

B2 A5 ANE ST

Fig.2 Experimental scenario of the human-robot interaction.
1.4 BESH

B IF A5 3 i Shapiro-Wilk 354047, If-15.51
BHE(P>0.05). RAFEEE 20T (repeated mea-
sures analyses of variance, RMANOVA) Kt a2 5
PR | S8 H ZEHH R AT KU X 2 LG s 52 )
R ERIEAG E SR W RS2 A5 5 B AR, 4R
P b BV B, WId FH£8 Greenhouse-Geisser £
IER A A PR, SEIR RO SPSS 22 it
13008, BEHKFEN0.05.



2

PR, A5 TR E SN RN A S NS RE

2 HERRAT

R EFREEZRIMESSGHHIRA
RN T 22 H AL R Z X S RBHUAT 55 1R 6
T 22 e . R 1Al , AR H R
() SCHZEHMBABAME T BIE S5 IE 65T 0 8
F2es(K3), WA E AR

2.1

247
(a)80 (b)80 (c)80
S R ®
~ 60 ~ 60 ~ 60
2 40 £ 40 & 40
;:lR 20, Q_: 20, Q:]R 20,
e ua H
~ 0 = 0 =~ 0
& o8 o o T U it
AR ST RS
eSS
FI3 (o) SRS (b) SSH 4N () I IR 45 1)
By A2

R ZLHIEE 285 A 5 U ST 55 IR A R A 52 Fig. 3 The effects of (a) interaction distance, (b) interaction
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Fig. 4 The effects of (a) interaction distance, (b) interaction
posture and (c) feedback style on mean pupil diameter.
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Fig.5 The interaction effect of interaction distance and
interaction posture on mean pupil diameter. (The same letter
indicates significant differences, where, a means P < 0. 01,

b, ¢ and d means P <0. 05.)

(a)100 (1,100 (100
80) 80 80
& 60 S 60 S 60
ERU 240 240
20 20 20
0 0 oL
o o8 o8 o8 i 7 i B
Q. \. (‘,. 4’\). . S,
AR A8 H Y S AR AR
AH SRR

B6 (a)ZZHHIE . (b) 3 H SR () ABRM LA ATE
PR 7 FE R S0

Fig. 6 The effects of (a) interactive distance, (b) interactive
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Table 3 The effects of interaction distance, interaction posture and feedback style on interaction engagement and receptivity"
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Fig. 9 The simple effects of interaction distance, interaction posture and feedback style on user acceptance of interaction mode. (The
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Fig. 10  The interaction effects of interaction distance, interaction posture and feedback style on user acceptance of interaction mode.

(a) Positive feedback style and (b) negative feedback style. (The same letter indicates significant differences. where a and

b means P <0. 01, ¢ and d means P < 0. 05.)
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