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Effects of Outline Curvature and Aspect Ratio on
Impressions of Sensor-Window Humanoid Faces
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Abstract

Background  As humanoid robot faces increasingly prioritize sensing and perception over emotional
expression, it is important to understand how the formal characteristics of sensor-window-based
expressionless faces shape user impressions. This study examines whether variations in outer-outline
curvature and aspect ratio influence perceived social and technical impressions of humanoid faces with a
sensor window.

Methods A 2x3 within-subject experiment was conducted with 40 adults. Six stimuli were created
by crossing two levels of outline curvature (angular vs. rounded) with three aspect ratio (W/H) levels
(0.80, 1.00, and 1.20). Participants rated each stimulus on social impression, technical impression, and
manipulation-check items using a 7-point semantic differential scale.

Results Manipulation checks confirmed that the curvature and aspect ratio conditions were
perceived as intended. Rounded outlines received higher ratings than angular outlines on social
impression and also showed higher overall technical impression scores. Aspect ratio further differentiated
the evaluations: social impression was highest at W/H = 1.00, whereas technical impression was highest
at W/H = 0.80 and lowest at W/H = 1.20. Repeated-measures analysis of variance (ANOVA) showed that
curvature had significant effects across social impression items, whereas aspect ratio showed significant
effects on selected technical impression items.

Conclusions  Even in sensor-window-based expressionless humanoid faces, basic geometric properties
can meaningfully shape user impressions. Outline curvature appears to be a more consistent cue for social
impression, whereas aspect ratio functions as a selective cue for technical impression.

Keywords Sensor Window, Humanoid Robot Face, Impression Formation, Outline Curvature, Aspect
Ratio
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1. M8

1.1. 97 HHF
HE FHcolE 2 AdF AURE Y RE S 9T o|EH] TR 8 ARt &Y £PL e
AA 9 2] ZHperception) 75S SAHOR AAEE ko] ZshE 1 gt ?%Di olE Azt A|Aglof| st
22 FR AFE Az 7|6 AlAo] 81 o, Al 324, 24, Q7b-2 AT Ao A A F IS iy
B 3thRoychoudhury et al., 2023; Bin et al., 2025). o]of what 22 & ﬁlc ARl = Awso]

i etel T AN E T A=Y HES Y Al AR A ol= FFoR M/ 9leH, Figure
19] AHIE R o] &gt 528 HojZtH(Boston Dynamics, 2025; Figure Al, 2025; WIRobotics, 2025).

101[

(a) Boston Dynamics Atlas (b) Figure Al FIGURE 03 (c) WIRobotics ALLEX

Figure 1 Representative sensor-window face designs in contemporary humanoid robots
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AR B oA o3t AlA Ak 7RE GE UF ALY AR ARGRT AH RO o 44T} H&
T2 AN A7 WA A2bd 7hsAdo] Aok A A ] 712 AHgdE Aot 14T WE B
Aol s 2 0T 45 AdolA BRI AlAISF A (Fiske et al. T 3H
Ao FA &l FRY FAL AT E, 44 gl AF o8 47T} 754 e %‘ﬂa}@}—? s
R o] tHBar & Neta, 2006; Westerman et al., 2012). =3t d=9] 7[2-A|2 v &2 A4 ) 99
A Zre] S A= GAR B1E 9 0 H(Geniole et al., 2015), 2F & AFA L H& 2% o] A2 2
A% H7bo] Go3t S v A= A0 7 e TtHSong & Luximon, 2021).

EX Ao 9 9t gl #et APAte oF AT HlEo] ATh T AFRE Qe 9%
98-S A AFsRIEHDiSalvo et al., 2002; Kalegina et al., 2018), 4 ©AS H43}lsk1 AlA °§@-°]
Aok AlA QLS 7|9t FHio]E Aol s o2t JH W49 57t S76] ASHA FUTh
55| 9% obxEle] FEI ZHQ) Hl&o] ALRH T 7]& A Qe ofugt A FIFS ulR=A]d
gt 454 HEE= Attt ojo & AF= AlA A& 7]5t ?—r‘ﬂlto]E AFolA & ozl Y
TED Ze Y Hl&o] ARGALY] A FA Ol PAl= S HHA 08 EotAt g

S o

1.2.¢4 =
owsq 2R A QESE 25 FrolE AZA YR B4 FAS AT el ozt
o] el WATho R A8Ake] QA Hoh Eeb A S Shelshs o slek, AeTe] thew A2

B2 JAA Aot AbsA el JgE vAH, dFo 7tR-AR v Ee 99 Aot
ﬂ i} Zhe ol Ak PAJof] Tojek 4 gltk(Bar & Neta, 2006; Fiske et al., 2002; Geniole et al., 2015;
e 22 43 4 35 gl dFolAE o JAT vlgo] A7, A1F,
AZ ol 22 A4 Bt FFE £ 5 5ol AlAlE o grkDiSalvo et al., 2002; Kalegina et al., 2018;
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Song & Luximon, 2021), et AIA] AE90] 1214 442 FUSHA BASHL, ¢ 43 gL
A2 TN AT 2404 97 obeklel TE LAY wkol A P4 MR dFe AhHoR
S AT ob4) Aol

of B AL AN Q9T FUSA KA ZANA A% oketelel TR/ FH)H 1Y
HLW/HS AAH O 2asha, olo] TE 214 QA 7144 A9 Aolg S0 Selstugt
B, FAAOZ it olgekels] Bt malg) vigo] A, THER, A9, 99 B 4 Ex A2
AR, TAESH e ARA AR, §53, AvhER, AT, MR Ze 71EH A4l o
S A EAE AR, ol £ Yl W 7e] 42AG S WA ARt Sk, o2 B
AR GRS A FriolE A tatelo] 271 B4 A4 AN B s ofulA A AEE
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AAstatt. Egt QuEEAE 7|9e] QY Bt WAl AlI4A JEj7F fdohe FAA-
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2.2, &E XIFE 44
£ Ao A5 AlA 959 7|9t R84 FHico|lE dag wheshet AW on| X & AFstct.
A= Q2 opEil o] I4E 2424, e 29 HI&(W/H) 3425080, 1.00, 1.20)& At 2x3
A o wpet LA oH, ofof what & 67) 279 A& AAsIthTable 1 F2). BE 2| A
A9 Eol()e FLHA FABIL 712 Z(W)FE 233}0] v Zol& FasIPon, 9T of9-2kel e
TEL2 FY W] ZH|Q] Zof el A5k Hlgo] A KA EES A5
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FE oA A GEE FAS Eok Y ol eolu o R SAE £ 9l FHAQl 1Y
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NZH 945 270 7 Y5 fAsAt ol#et BAlE F7HA7E YR 847t ofdet o ofEkele]
G Apolof| FESIEE 517] 9Jet Ao|tt.
E A5 55U A WAT AA] 27 ot EESfetgl o, AU AlE FUT 279 SRR
ShEAre] AAH =S Akt ol2et AAH A 22} SRS Fao A A=$- 715 Foio|= oA
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_14
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)

Table 1 Experimental conditions and stimulus images based on a 2 x 3 factorial design.

Condition Image Cu(r:;z\iltlt)lre Asp(t\e,\(;;l-R; = Shape Label
A1 0.10 0.80 Angular-Narrow
A2 0.10 1.00 Angular-Medium
A3 0.10 1.20 Angular-Wide
R1 0.50 0.80 Rounded-Narrow
R2 0.50 1.00 Rounded-Medium
R3 0.50 1.20 Rounded-Wide

Note. Curvature (r/W) and aspect ratio (W/H) were systematically manipulated across six stimulus conditions.
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2.3.538 7 4 NE
2 ALY FEATE AF2E AAE FH ot 2R dao] fdohe 4 BrlolH, o]F AHR A 14t
7led A F PO R fEste] ST A B FEAF S E83 9n|EE A E(semantic
differential scale) ¥4l o g2 FASGon A71A7) 2+ Ap=o] dis) Azt oA Ae s
SHOEE oty HE B2 U 3H AL A8sto 24 78wt 7HsotE & AA skt
. ¥

A2 4 o]*} e ﬂlﬁ:}(Frlendhness) ‘I}EOL(Warmth) EP*(Trust), %% o A
o

skl 71& 3 01” 1}%% %%%L(Competence) ’\U}E %‘(Smartness), XéJL%.(Sophistication),
u] 2 2 FA (Futurism) @] 47 FEHO2 FAste] g Aol Agete 7|53 - HdE ou|X & Fristaz}

SHaAct.

7t B2 74 uREALR SAstqlon, AS|A QIS AToHA gttt « AT, ARt <
st ‘AFsH] ol fet « AT 4 Aoy, ‘P Aot « Hetst, ‘T3to] 7HA] gtk
Tto] 7tk ot 22 Al o7 AAstGitt. o] F ‘Aot « Helsiy 32 A A=E AF
SAs|Eohe, ARG A Hehs FF 07 AAlste] ArSlA S840 A -FAH w9
o}y 9lat Bako g Argsrt, uleha 2 OWOM = A QA S AR o d Bl d4t
EEE A9l B A9 Hdgo] &2 A0 AMHES st &, ASlF A4 ALelAs
BE &30l A7t w255 Bk 3AHA ASH S Av]ol g WS S dstaltt

71E4 QAL ‘Bd] Rl « f55) Heltk, ‘B Roltt « AutEs| Helty, ‘tes] Relch « Hus|
Bty ‘FAog Holth o nE| A g oz By o] P4l oz 245t tHTable 2 T2,

E3E o obehelo] FH 2&fo] gt WFor AZHEA Felsty] 96 279 2244 2FE
Z3etgdet. T5 &0 daAE A Bt o FZo] Bt E A8t S5 A ZH(Perceived

roundness)& B7FHAL, HIE 24 HisfA= AR do] Beltt « 722 Hof Belth & ARg-sto]
7F2Y-S A ZH(Perceived width)S B7FstAch. & AERL AHe)F oA} 583}, 7]&2 oA} 453}
Z2AY4 22 r F 11w o s st on, A1 £ FA47 A= A A= Table 201 A A8kt

Table 2 Revised measurement items and manipulation checks

Classification Dimension Item (7-point scale)
Social impression Friendliness unfriendly < friendly
Social impression Warmth cold < warm
Social impression Trust difficult to trust <> trustworthy
Social impression Threat-related impression threatening < comfortable
Social impression Overall Liking unlikeable « likeable

Technical impression Competence incompetent <> competent

Technical impression Smartness dull < smart

Technical impression Sophistication simple < sophisticated
Technical impression Futurism old-fashioned « futuristic
Manipulation check Perceived Roundness angular < round
Manipulation check Perceived Width vertically long < horizontally wide

Note. All items were measured using a 7-point semantic differential scale. For the threat-related item, higher scores
indicate greater perceived comfort and lower perceived threat, so that all social impression items are interpreted in
the same positive direction.
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Table 3 Descriptive statistics of manipulation-check measures by condition (M, SD)

Condition Perceived roundness Perceived width
A1 (Angular, W/H = 0.80) 2.1 (1.4) 2.1(1.6)
A2 (Angular, W/H = 1.00) 2.4(1.3) 3.7(0.9)
A3 (Angular, W/H = 1.20) 2.1(1.2) 6.0 (1.6)
R1 (Rounded, W/H = 0.80) 5.5(1.1) 2.4(1.5)
R2 (Rounded, W/H = 1.00) 6.4 (1.4) 3.9(0.9)
R3 (Rounded, W/H = 1.20) 5.5(1.1) 6.0 (1.5)

Note. Values are presented as mean (SD) based on responses from 40 participants. Higher scores on Perceived
roundness indicate that the face was perceived as more rounded, and higher scores on Perceived width indicate that
the face was perceived as more horizontally wide. A = angular; R = rounded.

3.2, ALEIE| Q14 Za}
AFB14 QUapel that 4 A, A 0.2 B oksetel 2] 24l obgelel 2ANT ) FHA BAHE
MR 7o) hetitth, w5 ) vl uket A8l QLA 140] Aol BEFE|glom, AA A0 RE W/H

R h=}
= 1.00 214 7H =2 B77F deiTh o714 AR AARA Q14e] AA HotE 7 2704 SAe
A, WEF, AT, Y B Y, 3R] 57 BY A4S HRe gloln, 919 B Qe 5t
£S4E W AT £ Held UGS U= E Aestart. oled Auks AN A= A4
FHolE dFoAE & ofelele] FEo| ASA I FA Fag ATS o, 2 HlE& EF
YR AL A Grtoll FFE v U5 AR
Table 4 Descriptive statistics of social impression measures by condition (M, SD)

Condition Friendliness Warmth Trust Threat-related  Overall liking

A1 (Angular, W/H = 0.80) 3.3(1.5) 2.501.4) 4.1(1.5) 3.6(1.1) 2.9(1.5)

A2 (Angular, W/H = 1.00) 3.8(1.5) 3.6 (1.5) 4.4(1.3) 4.4 (1.4) 4.0(1.5)

A3 (Angular, W/H = 1.20) 3.6(1.8) 3.6(1.7) 3.8(1.6) 3.9(1.3) 3.2(1.6)

R1 (Rounded, W/H = 0.80) 5.4(1.5) 4.5(1.6) 5.1(1.2) 5.1(1.5) 5.1(1.4)

R2 (Rounded, W/H = 1.00) 5.1(1.3) 4.6(1.6) 4.6(1.3) 5.4(1.4) 4.9(1.6)

R3 (Rounded, W/H = 1.20) 4.6(1.6) 5.0 (1.4) 4.5(1.5) 4.7 (1.6) 4.7 (1.5)

Note. Values are presented as mean (standard deviation). Higher scores indicate more positive social impressions. For
the threat-related item, higher scores indicate greater perceived comfort and lower perceived threat.

71EA /el it 24 Ay, AubA o= St ofxekl 240] A4 obxElel 2R | Al e
e Aol vetwlth B Ze¢) vl wet 71&4] 4 Ao Aok EH e, AAH R
W/H = 0.80 274l 7 =2 B717F Uebdal W/H = 1.20 2704 7P W& 5717k vt o714
AN 71ed Ao AA Fate 24 20A ST Fed, AntEY, Aud, vAAFE 4 2%
45 Bt gholw, Table 5oll= 7 £33 Bt REHAE AT o3t AiH= AlA A5 7|9t
Fricol= dFAE 9 ofxetqle] FEo] 7IeA Y A Y vAH, ZH Y vl E3 7]EF
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Table 5 Descriptive statistics of technical impression measures by condition (M, SD)

Condition Competence Smartness Sophistication Futurism
A1 (Angular, W/H = 0.80) 4.3(1.6) 4.1(1.6) 3.4(1.7) 3.2(1.8)
A2 (Angular, W/H = 1.00) 43(1.3) 4.4(1.5) 3.5(1.7) 3.2(1.4)
A3 (Angular, W/H = 1.20) 3.701.7) 3.3(1.8) 3.2(1.6) 2.7(1.3)
R1 (Rounded, W/H = 0.80) 5.3(1.3) 5.1 (1.4) 4.6(1.5) 5.1 (1.4)
R2 (Rounded, W/H = 1.00) 4.8(1.2) 4.8(1.4) 4.5(1.8) 4.8(1.3)
R3 (Rounded, W/H = 1.20) 4.2(1.8) 4.0(1.6) 4.2(1.2) 4.3(1.7)

Note. Values are presented as mean (standard deviation). Higher scores indicate more positive technical impressions.
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Table 6 Repeated-measures ANOVA results for social and technical impression items.

Dependent Curvature 2

variable Curvature p np’ Ratio p np’ x Ratio np
Friendliness 36.49%** <.001 490 1.10 .340 .028 4.89* .010 114
Warmth 33.46*** {.001 468 5.27** .007 122 8.16*** €.001 77
Trust 17.67%** <.001 317 1.87 161 047 4.22* 018 .100
T';::;:egit:d 33.40%* (001 468 350+ 035 084 291 060 071
Overall liking ~ 72.73*** <.001 .657 213 125 .053 5.90** .004 134
Competence 10.87** .002 222 8.45%** {.001 182 1.26 .290 .032
Smartness 10.42** .003 215 11.75%*  (.001 .236 1.33 269 .034
Sophistication  27.89*** {001 423 1.04 .358 .027 0.37 692 .010
Futurism 43.68*** <.001 .535 7.44% .001 164 0.74 481 .019

Note. Results are based on 2 X 3 repeated—-measures ANOVAs with curvature and aspect ratio as within—-subject
factors (N = 40). For the threat-related item, higher scores indicate greater perceived comfort and lower perceived
threat, so that all social impression items are interpreted in the same positive direction. np® indicates partial eta
squared. *p € .05, **p (.01, ***p (.001.
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Figure 2 Main effects of curvature and aspect ratio on social and technical impressions (error bars indicate +SE).

Figure 25 B, & 272 24 AR ASIA QAT 7164 QA BEA 52 HH-S Bt &3
| wgof whet ARSI A QT 71 Qo] AR thE Bt i Hol HE 1T 4 qlek

714 QA 45 F competence/smartness®] ZAE W3} FAS Bk A H 07 Felsty] Y3 Figure
3& AASHT Figure 3-& Z#|¢] H|& #3to] whet Rounded 2713} Angular £719] B#to] o2
SRR HolEr

—@—Rounded == Angular

6
5.19
. - 4.82
~ o
|
4 4
g 4.36
B 4.22
=
£ 3 3.46
[~ 4
=
8 2
=
1
0
0.80 1.00 1.20
ASPECT RATIO (W/H)

Figure 3 Mean ratings of competence and smartness by outline curvature and aspect ratio (error bars indicate +SE, N
= 40).
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