Visual Feedback for In-car Voice Assistants
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1.2 Visual Feedback for Voice Assistants

Fig. 1. Visual feedback for Apple’s Siri in different environments. Left: Siri on iOS 18 [1]. Right: Siri on CarPlay [5].
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Fig. 2. Ambient lighting display in the Volkswagen ID3 [49]. Left: ambient navigation indicators. Right: lighting variations for different
functions such as charging status or VA feedback.
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Fig. 3. User study setup. Left: location A. Right: location B.
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(a) Video A: nighttime driving. (b) Video B: daytime driving. (c) Video C: driving during sunset.
Fig. 4. Screenshots of the driving footage shown on the primary screen.
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Fig. 5. Ul prototype in the passive state with all apps opened simultaneously.
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Table 1. Voice commands for giving instructions to the prototype during the user study.
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(a) "Does your car have a VA?" (N = 128).

(b) Monthly usage of VA in car (N = 74).

Fig. 6. Results for questions regarding car access and VA usage in cars. The results of Figure 6a and 6b are filtered: only respondents

with access to a car and a VA in their car were included respectively.
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(a) "Which Ul would you like to use in your ideal car?" (b) "Which VA would you like to use in your ideal car?"
Fig. 7. Results for questions regarding preferred Ul and VA in cars.
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" (a) "How do you expect to receive feedback from a VA?" (b) "How do you expect to receive visual feedback from a VA?"

Fig. 8. Participants’ preferences for VA feedback in cars.
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(a) "Where do you expect to see visual feedback from a VA?" (b) "VAs in cars should be personalized to the user."

Fig. 9. Participants’ preferences for VA placement and personalization in cars.
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Table 2. Statistical analysis: chi-square test for categorical data. Significant scores marked in bold. (Note: FB stands for feedback)
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Table 3. Mean scores for user preferences and Acceptance scale [48], with standard deviation in parentheses, and post-hoc Anova
test results. Significant scores are marked in bold.
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S Wwwm Sss “( ) 1 ( ) 1 ( ) 0.022 <0.001

listening, but I was not fully aware of which color and how it changed on the screen exactly. When the car flashed yellow,
I knew I had to repeat my command." T »n wmg ff S mWgSs » ssp fi MR W s
s Pr PWS W pPr pwm ¥ X "The pulsing animation raised my attention but the dimension of
the dot and the position made it not as visible as it was for other feedback." = r 1 mpr pPpmsg wmg
nm ng ®» s x ¥ MW WS W ng x S s su »
s wa g W s npr pm X "I need some kind of feedback from the system which does not
stay quiet when it does not understand me. In this way, we can interact better when it did not understand me or if there was

a delay."
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(c) "The visual feedback of the VA helped me understand what (d) "Auditory feedback is necessary with this specific type of visual
the system was doing." feedback.

Fig. 10. Participant responses for questions regarding visual aspects of VA visualizations.
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4.1 Limitations and Future Work

T M SS ™ r Ssr w » an » » neaw sp ps wms ff wmg su z »
s T s w X Ss Xug  Wr s wmg r / swu wSs X g8 W™ s m »

X anregr mp MR ORSK O XPr Mg KUK R S WK Ng ® g S ssw S® wr ngw g
®ox O ff s W SSS WS su m s wsufi W RPU T W WS

wer T pr » Wr'S  Mm WS S NS S s X X omx o wa

wfla m  pr Pwm wmyprss ms Twwr S® SS W WS WX wur wap XX X s T s w

gswr rgz r wg » aqun fi »or » s m W ® W oW wg S WS

W Ssrwg W x ™ ssSwpr pws X o ws » s ™ r s W x X

X xS w og W Sp SWAX T aum marx m w s s wmg w fFr r s g  “wowr

rXs r s w us W Wpr  wg X g8 W S Ng®WmIr S nos W P rRg WM W

T = AW W X ®g S st s mnoOm S S ne an » ne

MW Sp S rows

5 Conclusion

T ssu i ff » ss mom su x sss ms( s) ™ xs wmp rwg
noRw s ®nom o su T rxsusnw rpr x om x moow
se z wmm () s by 1w 49 r pPws wpr o orm X ™ s m
rwas s s wm su ® sss W " x » 3 x ngs s
(wam  wa ) s s mwmp Sz S pur s s wms r wsufi wm r ff
»ox »osp Pr W SNEr SH S ¥ W Su w mSSM  SK ST rogn  m
» s m »r P s m wmw rw “wwr rs r s & us B owpr  wg
X ogm w »ng wr wap »r »s M WgS® SWMMX W W S X Ng W X AR RS

nUS TP SU W



neg m T fin wgssugs s M Om Su ssgnfi mp w wypr r orwmor now
s s » SW ISP W Ng P WS Ng X nOr ower W W w
6 Supplementary Material
T supp wmam r wa x o RNg QU s mm ¥ s ®m ®™ SS » L) ws//
X w/s |/ /waswm g4 g z / ySpP wms P S grx arps rx ‘4 4s4 T Pr
S W ss X ws// w0 /m/4 4 1 4
References
[1] » 4 S1 sup r  rg Srx M 8 gnw ws// w w/ 4/ /1) s 1 swp x  xg ST
»m » gn / ss 1 ) mar
[1 »» x s m P sW r rx rms r  fins ws// »” w/ s/ xmp / ss 1 ) wmur
[1 »» 4 Sr ws// » w/s x ss 1 ) wmar
[4] = Sp X » x g ws// U m r W/ m/prssr s s/sp X » X
w g 14 ss 1
[] = wow 1 SrSe » Safrwg™r wm waws w» P “rg N SrS WS ws// o w ® W/m s/sx
su wm seff xwg r W wam s »ooxp rg Mg wusrswmms 1 Toom ss 1 ) wmur
[1] Grap 1 T = “Srs s/ PrSs W gr wp  W/g /x /T 1 4 [/ » o sros ss
4 r
[] Grap 1 G WS w  gswur  Wmr - T w»s// o w/ mG ) 4 ss 1 o«
[1] . arg sgmwg W T P Wg Wy W wawa » s w Human-Computer Interaction — INTERACT'03 ~ SPr ss wr
S zxw» 1 - ws// g/l 1 /7 4 41 1
[1] rouw ] rom us  Ng r "W »w B R WSS WS ¥ wrr ® sgnsr g s
»owoar wg s Multimodal Technologies and Interaction 4  ( )1
[1] L R S 3 rm s w4 Pr owm s x s/ ™ or r w/  wrs/ 44 '/ wmpu
»s »  xs/ ss 1 ) marx
[11] T m 1 x ss r  mg mw o Promos rm ws// T m m/m st ss/M s
xS s/ wx s ©r  wg wW wwn W mr ™ s xrwm / ss 4 pr
[1] rm Gz » ws// xw W/ r W pr W s/ pps mw W ss 4 pr
[1] e P 4 wr P xS x xs ws// wrmop oW/ W ss 1) mux
[14] wrp wmTrwspr S um 4 xs » % WS WM WS W ST WS g s r owr Ps r wg ws// s w/ xs
» W WS W WS W ST WS & s r ax W PSs x wg/ ss 1) mur
[1] x  we xS 1 r r =»T mr |S S o ¢ P S ps// o w/
K w warzlz ss 1 Jwmurx
[1] Gw s wrw G r g s oy w owm G mw 4 swmg r rwam xwg sS®m r  MmMSSw
womow »opau om S wmswmM r pPrmw Cognition, Technology Work ( 4) ws// g/l 1 /sl 111 4
] ¢ ¢ 4 mr o mRSW WX o ws// »ox wm/w/m w/w ] ss 1 ) wer
]G g 4 x s gm ws//w wm x / ss x
[1] r o ss Wz 1 Experience Design: Technology for All the Right Reasons S » ss wrs W owWR R M X N XM S g W
®» Pa s xs ws// /1 /S 11 1 1
[ 1] ng wwg S w » neg Prp » w»x M XMW rsSs ms wm M Sp S W s sr M WS
x  wg IEEE Transactions on Human-Machine Systems 1( ) -
[1] Xy mss mow s wap T W omsp s w S s Ws W w m ot wg wr ® Human
Factors and Ergonomics Society Europe Chapter (HFES) = S
[ 1] ®m r xS n Trgmnr o w x Xz sr pr ™ m m o ors - fim wm » » »g S s
u W » ws Usability and User Experience 11 ( ) 1- ws// rg/l 4 41/ 1
[ 17Js » e ju s rw SSS MS P rNg W W W w S MWw W nor nS
International Journal of Human—Computer Interaction ( )1 -1
[ 4] ®mzZ S®m®S swgr wmR W x J »T ms» Tamn G ©  w gw 1 s X morpr
us r W ox ns ws// wwa ms rg/ pa s_sx s/l / ss 1 ) mar
[ ] » 1 G g s ws// o n wa/ » s P4 ss X

nNUS TP su W


https://www.dropbox.com/scl/fo/jmsn9g4y9g5zj8kc95xvc/ALltJ2SpPvNnskPCy7YSL2g?rlkey=toeyyqrdpjsfxxlr0a74x4s4f
https://www.dropbox.com/scl/fo/jmsn9g4y9g5zj8kc95xvc/ALltJ2SpPvNnskPCy7YSL2g?rlkey=toeyyqrdpjsfxxlr0a74x4s4f
https://cloud.protopie.io/p/4dfbded4fb1d4793a626cf6c
https://9to5mac.com/2024/06/18/how-ios-18-will-supercharge-siri-with-apple-intelligence/
https://9to5mac.com/2024/06/18/how-ios-18-will-supercharge-siri-with-apple-intelligence/
https://www.apple.com/ios/carplay/
https://www.apple.com/siri
https://www.audi-mediacenter.com/en/press-releases/space-travel-in-the-heart-of-the-megacity-14595
https://www.audi-mediacenter.com/en/press-releases/space-travel-in-the-heart-of-the-megacity-14595
https://www.autoevolution.com/news/siri-suddenly-suffering-from-amnesia-on-carplay-forgetting-users-names-159207.html
https://www.autoevolution.com/news/siri-suddenly-suffering-from-amnesia-on-carplay-forgetting-users-names-159207.html
https://www.press.bmwgroup.com/global/article/detail/T0221224EN/the-new-bmw-7-series
https://www.youtube.com/watch?v=_mGwJh4da5w
https://doi.org/10.1007/978-3-540-45105-7_91
https://www.caranddriver.com/features/a32034437/computer-chips-in-cars/
https://www.caranddriver.com/features/a32034437/computer-chips-in-cars/
https://www.cerence.com/news-releases/news-release-details/how-mercedes-creating-innovative-multi-modal-experiences-cerence/
https://www.cerence.com/news-releases/news-release-details/how-mercedes-creating-innovative-multi-modal-experiences-cerence/
https://www.cerence.com/cerence-products/apps-multi-modality
https://www.euroncap.com/en
https://etsc.eu/cars-will-need-buttons-not-just-touchscreens-to-get-a-5-star-euro-ncap-safety-rating/
https://etsc.eu/cars-will-need-buttons-not-just-touchscreens-to-get-a-5-star-euro-ncap-safety-rating/
https://www.youtube.com/watch?v=FWOmWmrz1zQ
https://www.youtube.com/watch?v=FWOmWmrz1zQ
https://doi.org/10.1007/s10111-024-00777-3
https://doi.org/10.1007/s10111-024-00777-3
https://www.android.com/intl/nl_nl/auto/
https://m3.material.io/
https://doi.org/10.2200/S00261ED1V01Y201003HCI008
https://doi.org/10.54941/ahfe1003172
https://www.tdcommons.org/dpubs_series/1223/
https://www.youtube.com/watch?v=IYyRpZglZP4

su v rwmoox SSS WS 1

»oowy ng » Ng W »oow x wp r s smxmp W s X R owom us rom
AutomotiveUl "20: Proceedings of the 12th International Conference on Automotive User Interfaces and Interactive Vehicular Applications () -
nxos » S »S § w . T msG S ®» Tr «x x s rs » G z gw Xz s  wwg
» Sus ww 1" Towards Adaptive Ambient In-Vehicle Displays and Interactions: Insights and Design Guidelines from the 2015 AutomotiveUl
Dedicated Workshop Spr mg x — 4 ws// g/l 1/ 1 4 44 1
Jem o om ff omw Gr s Ju mnz S rxom g M M S wrs U mowm spos
® Proceedings of the Conference on Human Factors in Computing Systems — CHI'03 G mow Pwu o wmw( s) Prss ©
" o v ox S 1 - ws// rg/l 114 / 4 11 4
»S wp » NSUW XS P X I ) ) » 8 s s ws// WS W/ % usx s/ w W
®» sswm / wr wsg s/ nSUWA XS )P X LN S ) » 8 s  s#/ ss 1 ) mar
X s wz G x s wmzpr S s Pr mgss m S'S xox N »s//gr wpwmax s wz w/m s rs/
w s/ mox S WZgr wpsr g wup w ss 1 jwmur

x s wmz G x s wz swmor nr » GPT  ms//gr wpwa x s wmz W/ ww w/

x s wz S S ss GT ( r s wz st prowm ) s //wma . ws w/x s s/t s
17 4 1 14 1 1 m N ss g MW e wx S ®WzZwusr mprow ss 4 px

xTr » T 4 Srs s wuS =« Jus ar s s/ moorrw m/M s/ 4 m sr s »

wwaz s » S @ w wmw Sa S »or w R SR W x WS w w »
®pr WS X g Ngu g s arXiv preprint arXiv:2303.07381 ( ) ws// x xg/ s/ o
M sml 4 » m wg »w r P or s wrs s w Proceedings of the SIGCHI Conference on Human Factors in
Computing Systems s m ss ws s S 1 -1 ws // rg/1 114 /11 11
» Pz ws wowm oy K »ox T ff x xS » P SX WS X s Transportation
Research Part F: Psychology and Behaviour 4 ( )1 4-1 ws// g/l 11/ « 11 1
g™ Srs ) m xmrx um zZx ne neg)spS pw ™ or an » ugy S wWW w sgw S rNg
M WS XSS IS m g s w Emotional Engineering S wn» "o w () Spr wg x w S zx G1 -1 »s
/o w1 1
s nPlgngS wmS m gss w s r 1 sgn W oW u om mow g sp s Proceedings of the 2016 CHI
Conference on Human Factors in Computing Systems (1) 4 -4
wam » xS we wm T Interacting with Android Auto and Apple CarPlay when driving: The effect on driver
performance P S Py T ® TPP 4 T w ng ™ ws//x  w fup s/x/ wwa ws/PP 4
Swa » AL R SWASW P
s rG ms 4 Grm T o ws// x s rgms w/g ss x
n Tgnn 1 T ST T S S SS | »x
MR R ws// o w/ )z ss 1 ) wmer
»nS » S wm s »)yss S «x T sxSw sT Sepp 1 wgSw sgewg ® P wwwg r W rgr w s
» S X XS W WWa WM wpH X WX ®» w» Extended Abstracts of the 2023 CHI Conference on Human Factors in Computing
Systems (CHI EA "23) ( wa wrg G rwa w ) X S ws// xe/1 114/ 44 4 s wwm wm  ps//
sa s rg/ » » saw x /
Sr ws o |G s wx »x ws// L w/ « » ss 1 «x
Su 4 » s ws// oo/ ss 4 11
T Tms 4 S pwm wmg wmgrws w sr ws xfirms ws// wa s wa/ wsm ssww / » g/x /s »
o

=
=

M Ng  Wg xS sr wms r fixwas g ss 1) mux

T 4T x ws// x  w/ w ws/ x ss 1 ) wmur

T T PP T S 1 Study on Good Practices for Reducing Road Safety Risks Caused by Road User Distractions "% xp r wrp =
mwass ®x r Gwmr x » Tr wsp r  russ s 8w ws// xg/1 /

m X ™ r ™ ®m = o1 swp  pr wr o SS sswa m » W

wa s Transportation Research Part C: Emerging Technologies 1 (1 ") 1-1 ws// g/l 1.1 /S ()

s gnn [» ] 8 s ws// s gnmwn/ wrs/ g ss 1 ) marx
x ms 1w ( ) 1 oW ss Gu  wm s( G 1 ws// rs/ /s m rsgu wms/ g

" wT s wgr W mSwr m Surx weom pEaw wx s r xS norm
r s ff ) S w« m w SAE Technical Paper 2020-01-1210 S oW S X nrSS Pr owW »s

nUS TP SU W


https://doi.org/10.1007/978-3-319-49448-7_12
https://doi.org/10.1145/642611.642652
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/how-do-consumers-perceive-in-car-connectivity-and-digital-services##/
https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/how-do-consumers-perceive-in-car-connectivity-and-digital-services##/
https://group.mercedes-benz.com/investors/events/2023-02-mercedes-benz-group-strategy-update.html
https://group.mercedes-benz.com/investors/events/2023-02-mercedes-benz-group-strategy-update.html
https://group.mercedes-benz.com/innovation/digitalisation/connectivity/car-voice-control-with-chatgpt.html
https://group.mercedes-benz.com/innovation/digitalisation/connectivity/car-voice-control-with-chatgpt.html
https://media.mbusa.com/releases/release-9e110a76b364c518148b9c1ade19bc23-meet-the-s-class-digital-my-mbux-mercedes-benz-user-experience
https://media.mbusa.com/releases/release-9e110a76b364c518148b9c1ade19bc23-meet-the-s-class-digital-my-mbux-mercedes-benz-user-experience
https://www.motortrend.com/news/2024-bmw-5-series-eye-lane-change-tech/
https://www.motortrend.com/news/2024-bmw-5-series-eye-lane-change-tech/
https://arxiv.org/abs/2303.07381
https://doi.org/10.1145/191666.191729
https://doi.org/10.1016/j.trf.2021.10.017
https://doi.org/10.1007/978-3-030-38360-2_10
https://doi.org/10.1007/978-3-030-38360-2_10
https://trl.co.uk/uploads/trl/documents/PPR948-_IAM-RoadSmart---infotainment-sim-study.pdf
https://trl.co.uk/uploads/trl/documents/PPR948-_IAM-RoadSmart---infotainment-sim-study.pdf
https://www.rockstargames.com/gta-v
https://www.youtube.com/watch?v=Qbw7DJbzA00
https://doi.org/10.1145/3544549.3585890
https://hci-studies.org/balanced-latin-square/
https://hci-studies.org/balanced-latin-square/
https://www.youtube.com/watch?v=q09VOemNji8
https://www.protopie.io/
https://www.thetimes.com/business-money/technology/article/stop-making-dangerous-touchscreens-car-firms-told-xv3gmpdc6
https://www.thetimes.com/business-money/technology/article/stop-making-dangerous-touchscreens-car-firms-told-xv3gmpdc6
https://www.trl.co.uk/about-us/who-we-are
https://doi.org/10.2832/88265
https://doi.org/10.1016/S0968-090X(96)00025-3
https://www.volkswagen.nl/features/id-light
https://www.w3.org/WAI/standards-guidelines/wcag/
https://doi.org/10.4271/2020-01-1210
https://doi.org/10.4271/2020-01-1210

nus xp Sw W

rmss m&

V4

ns



	Abstract
	1 Introduction
	1.1 Ambient Displays
	1.2 Visual Feedback for Voice Assistants
	1.3 The Importance of User Experience in Cars
	1.4 Aim of Study

	2 Method
	2.1 Online Questionnaire
	2.2 User Study

	3 Results
	3.1 Results from Online Questionnaire
	3.2 Results from User Study

	4 Discussion
	4.1 Limitations and Future Work

	5 Conclusion
	6 Supplementary Material
	References

