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What’s stopping people from using AVs

Aesthetics

behavior (Lee and See 2004)

(Ajzen,1991)

Complexity

(Lee and See 2004)

Ease of use

(Rahman et al 2017)

Usefulness RISk

(De Angelis et al., 2017) and See 2004)

Trust

and See 2004)




Predictors of intent to use

(Buckley et al 2018)

willingness of the DAU to be vulnerable to the actions of the AV
(Mayer, Davis, and Schoorman 1995; Choi and Ji 2015)

(Lee and See 2004)
(Ajzen,1991)

(Rahman et al 2017) (Lee and See 2004)

(De Angelis et al., 2017) (Lee and See 2004)

Trust

(Lee and See 2004)



The actors of the trust relationship

6 (Mayer,Davis,andSchoorman1995;Merat,Madigan,andNordhoff2017;Lee and See 2004)



What informs trust?

Characteristics

7 (Mayer,Davis,andSchoorman1995;Merat,Madigan,andNordhoff2017;Lee and See 2004)



(o T Tea = g 14 {38 & information

belief in the trustee’s
reliability in achieving the
users goals 2

Purpose

Faith'

Motivations

assumption of minimal risk 4 ability to behave
perceived usefulness ° as expected

Actions - = Predictibility

- - L 1
Dependability' | Predictibility

Intentions

Performance

Process y Intent

1 (Hoc, 2000) 2 (Choi & Ji, 2015; Wu et al., 2016) 3 (Merat et al., 2017; Wu et al., 2016, Lees and Lee 2007).







Characteristics of trust associated to vehicles actions in time

Reliability based on Vehicle's Past Action Future Action

Merat et al, 2017 Dependability Motivation Intentionality

Muir & Moray, 1996 \ctions predictability

Lee and See’s 2004 Actions Motivations Intentions

Walker et al. 2016 Faith Uepenaability predictibility

Situation Managment

Choi and Ji 2015
system transparency

Lees and Lee 2007 Performance/Utility Process/Predictibility Purpose/Intent

Time Das Future

e Intent to use ] use
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How AV’s Intentions can
inform DAU of future actions

X

L Driving Event 12

Alert timing in driving situations (Koo et al., 2015).



Technology-Centric Systems

Feedback FeedForward

Situation Aware Intention Aware

Carscoop'’s Tesla's Autopilot video Porsche Augmented vision
14
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Human-Centered Intention Aware




Cooperation between
AV and DAU

16

Clear Communication /\ Miscommunication



Human centric cooperation:
Husband Metaphoruum




Implicit and Explicit
Communication of Intent

Body Language (Kinesics) Vocal (paralanguage)  Proxemic cues and more
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Noroozi et al.2018 (Martelaro & Ju, 2017; Han, 2013)
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AV’s Intentions can calibrate trust

Trust

Good resolution:
A range of system
capability maps
onto the same
range of trust

Overtrust: Trust exceeds
system capabilities, leading
to misuse Calibrated trust: Trust
matches system capabilities,

leading to appropriate use

Distrust: Trust falls short
of system capabilities,
leading to disuse

Poor resolution: A large
range of system capability
maps onto a small range

of trust

Automation capability
(trustworthiness)

(Lee and See 2004)




Human Machine Interaction

v
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\& A E. Soft Interactions
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A. Haptic controls with
embedded touch controls

aided by Computer vision

DR
Curved Road

ahead
- 100m
B. Touch screens with possible C. Gesture control with D. Voice Control F. Contextual information on
Haptic feedback Visual + Aural feedback loops and Feedback secondary displays (Ex. HUD's)
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(Spies et al. 2009; Medenica et al. 201
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Aim

New Knowledge:

Design Theory for informing the passenger of
the AV’s intent through

human-centric communication cues. (HCCC)

New Design Solution:
Unobtrusive AR HMI which models Intention
awareness with comparable efficiency to a human

driver.



Producing design solutions
Research through Design

design as part of research designerly ways of doing research

The Encyclopedia
of Human-Computer
Interaction

2ND EDITION

BY
INTERACTION DESIGN
FOUNDATION

24 (Few 2017; Giaccardi and Stappers 2017)




2

Design Theory
“Why is it designed this way?”

Research Design
produce knowledge for produce a feasible solution
use by others to improve a given situation

Few 2017

construction knowledge of the solution and why it

works.
(Gregor et al. 2007)

A set of principles deemed effective for guiding the
process of developing solutions for specialized
deSign prObl'em (Walls et al. 2004)







27

User Centered Design

SUCCESSFUL
DESIGN SOLUTION

Evaluate
Design Specify User

Against User Requirements
Requirements

Produce
Design
Solutions

(Don Norman)(figure adapted from (Vaezipour et al. 2017; “ISO 9241-210:2019” 2019)




Preperation
Design
Implementation

Analysis
Glassfication

Data
Collection

28

Year 2

Highly Iterative process

i

-

Year .

L//




Ethnography

28)







1 Human Centric
i Communication of Intent

Ethnography

Weber’s Verstehen
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RQ1

What are the

human-centric

communication cues (HCCC)
which

formulate the essence

of sharing human intentions

in a real-world driving context?
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Study Design

Discover Intention Cues

Passenger




Participants

Group 1 Group 2 Group 3
Stranger Unfamiliar 5 .
Partner Regular Passenger Driver P::fessu;nal NDO\-nce
assenger river

Passenger Driver

Varying degrees of trust, familiarity, ...

A 4
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Apparatus

Driver \

Interaction

Woz way (Martelaro & Ju, 2017)
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Apparatus

Woz way (Martelaro & Ju, 2017)
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Post Drive Review

o P

Semi-Structured .
Interview s
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Analysis
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Expected outcome
RQ 1
What are the human-centric communication cues which

formulate the essence of sharing human intentions in a
real-world driving context ?

RQ 2

What guides the efficiency of communicating the human-
centric abstraction of cues through an AR HMI?

41



Broadcasting

® Integrated Webcam




@

Specify User s
Requirement<emmsmaty

Produce
Design
Solutions




Preperation
Design
Implementation

Analysis
Classification

Data
Collection
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Study 2 Timeline

Contrivance 1
VR Lo-Fi CAVIAAR

Year 2

AR for VR

Environment

AR Vs Cue
Actor

UL

VR Simulation



Contrivance 1
Biomimetics

T ® The world is poorly designed.

But copying nature helps.
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Contrivance 1
Skeuomorphic Design

(D. Norman 2013).



Study 2 Design
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Evaluation

AR
Compared AR Vs Cue
F Actor

. CARRS-Q
- Simulator




Study 2 Design

4 AR
N Compared
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Participants

e . NS
Il

N=20

Within-Subject
study



Evaluation Tools

Intent to use

Technology
Acceptance
Model

(TAM)

51
Richard Bagozzi (Davis 1989, Bagozzi)

Usability

System
Usability
Scale
(SUS)

Brooke, J. (1986).

User Experience

Attrak+Diff

Hassenzahl, M., Burmester, M. & Koller, F. (2008)
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Expected outcome
RQ 2
efficiency of communicating
of cues ?

Design Principles which form effective guidelines to

inform intentions of the driver (AV) to the passenger
(DAU).
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Contrivance 2:
High-Fidelity Prototype

Based on Design Theories discovered by study 1& 2



CONTRAST

Y |

Unique elements n a design should
stand apart from one another. O

way to dothis s to use contrast. Good
contrast n a design - which can be
achieved using elements like color,
tone, size, and more - allows the

viewer's éye to flow naturally

To the left, you can see 4 ways to
create contrast in your design.

PMENT

Proper alignment ina design means that
every element n it is visually connected to
another element. Alignment allows for

cohesiveness; nothing feels out of place or

disconnected when alignment has.

handled well

-
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Contrivance 2:
High-Fidelity Prototype

7

NCIPLES

REPETITION

Repetition breeds cohesiveness ina
design. Once a design pattern has
been established - for example, a
dotted border ora specific
typographic styling - repeat this
pattern to establish consistency.

csisnastytetoreachsermenc SN WNRCY

adesign and use it onsimilar elements.

PROX i
IMITY ===

Imagine how ridiculous it
would be if the proximity

s on this graphic were
ocated on the other side
of this document

LINE

‘another, creatng patterns and much more.

LOR

tar how dark an area looks. A gradient,
shown above, Is  great way to visualize value -
everything from dark to white, all the shades in-betureen,
has 2 value. Use value o create depth and light; o create.
a patter; o ead the eye;or to emphasize

LEMENTS
OFDESiGN |

Space isthe area around or
between elements n 2

design. It can be used to
Separate or graup.
information. Use it effectively

10: give the eye a est; define
active (orange,red); some are

s . . .
LR

textile texture while screen material importance, create visual interest in a design (via
W has implied texture. contrasting sizes), attract attention and more.

quick reference sheet

TEXTURE

Some colors are warm and




2
ANTICIPATION

4
STRAIGHT AHEAD & POSE TO POSE

#10
EXAGGERATION

#1
SQUASH & STRETCH

#5
FOLLOW THROUGH & OVERLAPPING

#8
SECONDARY ACTION

#12
APPEAL

#3
STAGING

#6
SLOW IN & SLOW OUT

#9
TIMING

#11
SOLID DRAWINGS




Study 3 Timeline

AR for VR AR Vs Cue
Environment

Contrivance 1
VR Lo-Fi CAVIAAR

Contrivance 2

HI-Fi CAVIAAR
Year 2

Preperation
Design
Implementation

Analysis
Classification
Data
Collection

- VR Simulation
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SUCCESSFUL
DESIGN
SOLUTION

@

Evaluate

Design
Against User
Requirements
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RQ 3

What are the effects of Intention awareness inducing
HMI on DAUs compared to DAUs without awareness
of the AVs intentions?
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Participants

N=15

N=30
Between-Subject
Study




Compurters




Analysis

Intent to use Usability Trustworthiness
Technology System Trust in
Acceptance Usability Automation

Model Scale (TiA)

ee Richard Bagozzi (Davis 1989, Bagozzi) Brooke, J. (1986). Moritz Kérber (2015)




Expected outcome

What are the effects of Intention awareness inducing
HMI on DAUs compared to DAUs without awareness
of the AVs intentions?

G

Effects of Intention Awareness | Design theories which guide an
iInducing HMIs on DAUSs. efficient AR HMI which models
Intention Awareness
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Research Timeline

AR for VR AR Vs Cue
Environment

Contrivance 1
VR Lo-Fi CAVIAAR

Contrivance 2

HI-Fi CAVIAAR
Year 2

Preperation
Design
Implementation

Analysis
Classification
Data
Collection

- VR Simulation
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Brivelt Driver

Intention Awaress in

Interaction

Automated Vehicles /

Passenger

Driver as user of AV

Passenger

L

Comparing Cue Actor Designing and testing
Intention AR : Intention AR



Here is to days when you let the car drive like an
old friend, a designated driver or son/daughter
who picks you up when you are to weary to
drive.
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Thank You



