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Abstract

Objective: To compare objective decision-making efficiency and subjective experience between
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younger and middle-aged/older pedestrians when interpreting eHMI speed displays in L4 /L5 auto-
mated-driving scenarios, and identify display formats applicable across age groups. Methods: Forty-
seven participants were classified into a younger group and a middle-aged/older group. They
viewed standardized videos under fixed vehicle kinematics in four conditions: no eHMI, text, icon,
and icon-text. Crossing decision time and 5-point ratings of perceived effectiveness, comprehensi-
bility, safety, and intention to use were analyzed using a mixed-design repeated-measures ANOVA
and linear mixed-effects models, respectively. Results: Age had no significant main effect on deci-
sion time, whereas significant age-by-interface interactions were found for all four subjective rat-
ings. Descriptive patterns generally favored icons among middle-aged/older participants and icon-
text displays among younger participants. Conclusion: Age differences primarily affected interface
preference and experience rather than decision efficiency. By systematically comparing age groups
and encoding formats under controlled kinematics, this study suggests that intuitive icons supple-
mented with carefully selected text may offer greater cross-age applicability.
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1. 5|8

BEE L4/L5 A SHARE, B RIR, FRELGTMARTRERED, T ATEERiE)
AR B A AALAZ B Ft 1 (external human-machine interface, eHMI) W 2505 K. W50 E£ B, A eHMI
A ik A7 5 B BRI [RI[1]; S5 EMIE SRNG5S RN 8 R 8), FHEF 2B ME
fE[2]; BalPREFRRE SRS EN LS 2 aRKBU3]. E5TZET NN FR I, MR AT LUK
FE 5 FE R RN B 2 4 (Rl BRI B A oG, T AP R 2 2 T IR AT 55 3R I [4]. A RS2 4 fEXT LU BIURR RS L 8
e IS BRI S T R IEL TS5, LB AER L RO T OV EM L - INARES . BRI L iR,
BTN RN, W R RIS AE 6], L, FERATREF M eHMI HIE BALIA 2L
RIS IE BT .

EHBERT RN, AREREES eHMI BN FFA—5. Hensch Z£[71 kI, BESEZFESH
HAE eHMI 54 BEnA FIME s 5 VP B 07 T A AE 22 . — GBS TR SO R, B 4FAT ANAE
() BRI FE[8] S fp ik Bk b A [O | FURUAT 25 A 38 [ 10 7 THI THT IR RE IR R A s 2R it — 2D Fa i, 2 NfE#
AT TE B BT R S B, (HAENE DR 2 R B G R I A el 1], NI e R R AR D e
WS EZeMR[12]. FEHINBHESET, 17 8 eHMI PRS2 R FRE . FHRA ., 4250 A5
SRR ILFEFZ[13]. Bellet Z[ 141K, eHMI AJ 535 292 55 T LM 04T N2 200, Hdih
H5EFEHERKZE R KA R, PSRRI FAEM 2 2R [15] #7358 & eHMI 77 [ 16] EAF
TEZ . AV EWBEEMFRMERY, FR S H ST AT RERI[17]: eHMI ZURIEI T H
Sz a5 BRI E[18]. B, SR IE M ME N AE S — R4 30 2 2640 T AT LU

GRmILIER AT — b A ER ER . CERMNERE eHMI 350 $2 5 [ SO, (H R # 1 &8
B[R] TG V2 3 22 5 s ARG 5 58 G R IR 5 19 7, SC7AE B U RE4ERFBE AR 19]. eHMI RIS 5 RS
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R BRI, ARG RN AT N[20]. — RSB R, 5 EAER, RaiER R
BN ME R, SO & ] 48 e AT (R 3 iy IE A 26 [21]. Guo 25 [22]KH, CFME A A eHMI
SRR R R, HA BT 29T NGRS A & s bR A . DRI, gt i s A7 AR 0 25 A0 FH A
LT g, HACR IR T3 B R B 5 AN R R A A R RE U DL

DA 090 2 T B — SRR B ARl e — LI 20, S 06 A R AT N B AR (5 B ST ) R G b,
THEBD G — NI 3 55 T R B RERMRFN RS TR . BEE N 2R S B3 S 3EoR
IR JE, W BEREA R FRAT N, JTHRFRE SN, AREMIANELLRS, CHNEE
MBS IR, AW R BB E MR — TR, NMIE M. WA eHMI WitfRatsuirkdn; HAROHHEE
BRI G — S BN 56T, R OIRERE 2 5. Fmgmhs a0, B SRBR S B ARG .

R, AW ETC eHMIL. 3CF BIEMESCAA DMK, thRE T4 F 2 a4 g 1 g sk A
AR G 2B RN, AR S SRR RN AR . BlgE EIRH TR
A, RCE 2 TAHSI RS T

2. BRI EP%
21, SERPEEHRIH

AW TR LR - AR AL FERADVANRIN R, SR HEAM P EEd; FmkAhg
W, GFETC eHMIL SC7 . BIRMESCH G 4 Mot 3l s IAEL . R K& bl 2 id #2 1) s,
WFARAE =B WA & — W B 5 EE AT IR, JHE P N EE — A A . SEHl Wizard-of-Oz
SBG[23]. PTIRI VR SZEG[24 | FIRLATIS6 (2518 eHMI BF 70 % F I Sz6yaat, ArdE b Mamife i 4 23
AR ZS @A, 5 85 2 S A A I8 AR 9. AR, VR RIS KLl T 25 8847 A Xt
1 Zh 25 Bh 22 A B FR A . AT I B AT N RONE[26] [27]. B S ESERERRRIFEZS 1S5, U
ITNE—ABENE 4 B, FAERIBr “ o] DOF e 2 B desd . % BA T 7i[28], di
YRS [F] 52 SR ZE 30 A PR AT B UK 58 Bk N I T 22 2 5 38 1 RS A e (R) DRI, &5 SR AR T R R B =4
N IR S, 258 KM 5 RERRRRN AR SR e R, 17
SR ERRE 7E 3 45— Ul A 546 R

AT ARSI A s X3, B S0 EIRAE U & =R AR B . SR 2 I
AR ZIR A, ANE T RE S R AT X “ i IR ™ 2548412015 [F A8 G pH U B b A 326 45 S
A BUE AR R B AR 21]. SRS 4 Fh&th: 1) 6 eHMI: &ML ER; 2) 307 Yl
IR A Pk, EEFER “0km/h” M CEEAET ; 3) BIER: N BoRER. JEEA
B, 1FEGE LM S LRRE LT 4) BSCAE: AP ERESR. @EEARES . B
3D EAAAR, AL 40 km/h 4T EFEAT AL 41.6 m AT UAHGE, LA 1.6 m/s2(F018 52 Y3 B 47 B 4
38.6m, #]6.9s JGiFIEIEAT A 3 m kit

2.2. Zi&

AR SE 47 L EESSE, b8k 4. 20 4, FR N 18712 8. S 5FHE TR
LIRS, BEE, HEFHESITER. K (P REEFEFERENL (2016—2025 F) ) ,
DA K 2L A % ) B 3 e 4 [ B R B, R TR R4 35 36~45 B 2 5%, 4 35 5 UL TR
HEH, 46 % KUl ERINHZEH . %0 AR AR 0 50 T B A S AR B AN A A e SRR I
ZER[16] [29]. HHEHIL 26 N, Fi#8 18~35 %; HZHEHIL 21 N, Fid 46~72 5 . KRR H B AN,
FEZHE N TS ARG « F BT E 0 PE5r, 24 20~30 mins
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2.3. BEERSRE

KA M8 SPSS FE e X T i B o SR I 8], o S AT REAR Y 7 ZE 00 B[R] o A 56, &5 SR AR IA F
BEKF(p>0.05, W 1. £2). fEHATHRT, KH2 FERAE: HHE4AH. FZFH) x 4 (eHMI FH:
7o eHMI. 30 BE. B E) MRS W mENET 200, HAPEBa AR R, eHMI K804
HPNHEFR, DI RN A TN T H S GERARIE. 224 @AME F & 0] i 32 PP 2 4
i, >KH Shapiro-Wilk #5654l (0 IEAM:, 4R /RS eHMI &4 FIVES YW S ES D f. &5
KRR - RS W TE KR — 253 BV B 454, SR 261 Vi & 45 28 (Linear Mixed Model,
LMM)FS IR . eHMI 2B K HAZ B AN

Table 1. Age Group x Different eHMI Conditions
1. FiRAR < TF eHMI R

A5 FEA R eHMI 1% 5 T i PRAER
26 ¥ 8.423 1.315 0.240
26 K% 7.746 1.759 0.352
HHH ‘
26 P 7.767 1.559 0.311
26 HE + X7 6.990 1.281 0.271
21 ¥ 8.416 1.096 0.267
21 K% 7.274 1.840 0.392
LB L
21 7 7.296 1.614 0.346
21 HE + X7 6.943 1.504 0.302

Table 2. Test of homogeneity of covariance matrices for decision time

= 2. RERESERVRE A 75 ERERE R B4R 3

M5 M F FHE 1 I 2 W
10.558 0.952 10 8690.892 0.484

3. tARGR
3.1. FRERTE]

W 2 BRI R RoR, R ERN IR BE (p<0.001), Ui PUANI7 5 1) PSRN (]~ 241K P A7 £
BB ZE 5. RS K/MA Eta?=0.651, % Cohen [R50 & 43 2 SUME J& T KRR, 1X R 5 R 30 sk
I B) RIS AR 58 o 1T 37 5 S5 AR B A LR AN 35, BB A AN TE DY/t T I R SR B) AR A B X
REANFE, HASEZEEIMFM T RO B EAANFERE R R RN 2 R h
MFESE S, B EM: p<0.001, {F Eta=0.320, PN S0RERRIGEREEZER . AMAAELE
RS, PRAAE DY AN R B S ) AR A i A 2 AN

3.2. EWES

ARNE Gy BT 2 G BN YR IR 347 £ 0 2 1) eHMI 5 AR 130N (38 p < 0.001), SRESAL RN
BRIBEFIRE AT DIBHEARIIER AL eHMI 25 F S HLEA R 27K, e rp ) BRAR L ) 58 FL 280 £t
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9B, I O3 T ABOSAT R 5085 6% TR RO TR DU LD L — U AT I eHMI
SRR, ORI, BRSSO R R . BRSO 2 2 57 A B 3 KT
T = # R TR cHMI 2. BRI B R REOS IR 254 A 0FAT, b BT LR
B T AT (B

AL CHMI IR TR o, 54 SL1E DU b eh 0 RSO L 2 BBV 4 e
LIRS ERARPERA I B 1 B A P VP M 85 BRSO f, 52 b 0.
AL SHETE GHMI A T BN B, BRI AL A RS, T L3 LB B B2, Bl
AL Y 2 535 DA 03RRI H SR B

G A, W AT W HR S LSRR TARTLA S E R G . 7E TR T, A1 R
P T AL BB ALAE PRI L0 8% 2 57, SRR — 2 OB EIE A (B AL
R R AR (5 B T S A OB R I 0547 42 58 10 AR o 8 47 5 5 B TG 7
RO ELOLYE (0BG 260, T2 2 M TUABI A B S 41 2 20 R E Y R« R AR
PRTES IR CHMI ()b SRS T SCAEFcHR.

4. i
4.1. FRYX

A FEA S A BT I et R BB ] ) 2 3 2, RASE R ANIZ 3 — 3. eHMIL {5 B RS, Pidlss
HBREBAAE W . BEA TR, R ERER R N [ AR E, B2 ARIAE F AR
fEHEJTIHEI[13].

T eHMI 2600 T, 24110 5 BMRIE(1.238) 1 240K (1.476) 2 E R T H 44, X RE 5 EERMH L
PRAFIAR A O, ARG LU BURRRE . 18 B AL I TR FE AR AL [5]. I eHMI J&, FEEHMT
PRI, ULEALRAE BRR S R HAUK S R ARIS B R R FIWT R A A2

4.2. FAMERSINAELR

576 eHMI ALL, =PI R 1 2 5% X MRS KB 2R A B B(30]. HARE
BRI ST AP AEZE 5 T Z SRR AL R0 5 BB TE PR 20 (4.524) i T AE 4(4.115),  HXT4EE%R
WAV T ESC L s 5 SR S i i B SO 5

R—ZRWRIR T IUR: B S BB RN BN, S e 8 b 58 S A BEE, 58 0n
R THAT31], FHENIRASCT#AT XA, hZENEES B fEREEES. Hik,
eHMI I AR5 B T, MRS HARBER B RIS ROAHULED . /5 20 R 0072, AT SR AL
AR PR TN, PR 1R SR WA TR A B S 07 SR TR ST 707 56 AN REHE T B 5 83 12 T3¢

=3

-
4.3. BR5RR

PEEEEY eHMI Bt RIL e RIEE BB (A HARBOL, JFREE B Azl 5 BT R b
NI, SR TT RS, WAEEAR, EE ESCE SRS B A RHIIE LR A A
RO A3 32 S RTER AR 7 TR [ 32] o

AW FAAELNTRIR: B, FEARBN, HhZEHETHERN 53 %, S AEEEHE 2 65 %
PAENHE. LU0, WSS SR OS2 TE KU A B R 8L, AT REFFIRS 538 O ORI . R, SRER Y
KR —EREsh ZHATER I 5, RERPHE, R LB FIFRW. B, SAmERt. £
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IREMBNATCR T AP Z S, SFIRBATRERL S 5 3 XX SRR U e, R 5w 22 57 A re s &
KT miIE . AR REFERAR, JEEERE). PR VR MSisLR, MIe it a5ie e k.

5. &t

ABE T T BT 58, RTEAFSERIRAETE eHMILL 307 IS R ESCA G DUR R T IIAT
AR ERVEYr . SRR, SR I PRI [ATE R 0, WA s R — 8 Al X
HIEAIS, AFESEE S5 E L RERUR TS AT . Sl 22 57 2R EOUAR b, BIARREAXT eHMI ¥
WM S M AEZR . 55 eHMI AiLL, SR BAIERTT 72 5F M TEMIT, &Y eHMI A1)
TG AT AR AR AR AS (O B . el (O B R SIS & rp 2 R AL, AT PRI g (i e
AW ESCHSEFEL PR, BT E RN S B mmies. K, Fmgr g
XILEE, RS AR R R A5 200 TR AL . BS54RS eHMI et B DA B I S F i P AL i
fifl, FEARYE HARBEAR AN RRHIE I 2 4 78 SO BRBUE R S, SRR IR 5 H KT A, 9 E 302 3 250
eHMI FIFE @&t it iRt 2% .
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