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 More environmentally friendly (?)
Better Trip planning

 Improved mobility (?)
Making travel accessible to those 
who can’t drive

 Fewer crashes (?)
93% human error 

The Significance of Automated Vehicle (AV)

choi and ji 2015, beiker 2012(bitre.gov.au)
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Even when humans are removed from the 
driving task, humans will be a part of the 

experience and the risk. 

Lync Global Volvo’s vision for future domestic travel
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What’s stopping people from using AVs

Ease of use

Usefulness

Aesthetics

Complexity

Risk

behavior

(Rahman et al 2017) 

(De Angelis et al., 2017)

(Ajzen,1991)

(Lee and See 2004) 

(Lee and See 2004) 

(Lee and See 2004) 

Trust
(Lee and See 2004) 
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Predictors of intent to use

Ease of use

Usefulness

Aesthetics

Complexity

Risk

behavior

(Rahman et al 2017) 

(De Angelis et al., 2017)

(Ajzen,1991)

(Lee and See 2004) 

(Lee and See 2004) 

(Lee and See 2004) 

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

(Buckley et al 2018) 

Trust
(Lee and See 2004) 
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The actors of the trust relationship

(Mayer,Davis,andSchoorman1995;Merat,Madigan,andNordhoff2017;Lee and See 2004) 
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What informs trust?

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

01
Lees and Lee 2007).
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Time
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How AV’s Intentions can 
inform DAU of future actions
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Carscoop’s Tesla's Autopilot video Porsche Augmented vision

Intention Aware

Technology-Centric Systems

Situation Aware

Feedback FeedForward
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Human-Centered Intention Aware
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Cooperation between 
AV and DAU

Clear Communication MiscommunicationV

 (West, Griffin, and Gardner 2007; Shladover 2009; Pacaux-Lemoine, Simon, and Popieul 2015) 
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Human centric cooperation:
(Ju 2015) 

..point out latent hazards that I think my husband might not see”

Husband Metaphor
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Implicit and Explicit
Communication of Intent

Noroozi et al.2018

Body Language (Kinesics) Vocal (paralanguage) Proxemic cues and more

(Martelaro & Ju, 2017; Han, 2013)
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AV’s Intentions can calibrate trust

(Lee and See 2004)

Disuse Misuse
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Human Machine Interaction
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Augmented Reality

(Spies et al. 2009; Medenica et al. 2011; Milgram, Takemura, and Utsumi 1994; Craig 2013)
(Schroeter and Steinberger 2016).
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Aim

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

New Knowledge:
Design Theory for informing the passenger of 
the AV’s intent through 
human-centric communication cues. (HCCC)
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Producing design solutions
Research through Design

(Few 2017; Giaccardi and Stappers 2017)
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Design Theory

Design
produce a feasible solution
to improve a given situation

Research
produce knowledge for
use by others

“Why is it designed this way?”

(Gregor et al. 2007)

construction knowledge of the solution and why it 
works.

(Few 2017)

A set of principles deemed effective for guiding the 
process of developing solutions for specialized 
design problem (Walls et al. 2004)
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Methodology
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User Centered Design
1

2

3 

4

Specify User
Requirements

Understand
Context of 

Use

Evaluate
Design

Against User 
Requirements

Produce
Design

Solutions

SUCCESSFUL
DESIGN SOLUTION

USER

(Don Norman)(figure adapted  from (Vaezipour et al. 2017; “ISO 9241-210:2019” 2019)
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Highly Iterative process
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Ethnography
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01

1

Understand
Context of 

Use
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Ethnography

Copyrights britanica.com

Human Centric 
Communication of Intent

Weber’s Verstehen
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RQ1

01

What are the 
human-centric 
communication cues (HCCC)
which 
formulate the essence 
of sharing human intentions 
in a real-world driving context?

Copyrights britanica.com
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Study Design
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Participants
Group 1 Group 2 Group 3

Varying degrees of trust, familiarity, …
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Apparatus

Woz way (Martelaro & Ju, 2017)
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Apparatus

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

Not 
Relevant

Relevant Highly 
Relevant 

Areas of Interest
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Expected outcome

What are the human-centric communication cues which 
formulate the essence of sharing human intentions in a 
real-world driving context ?

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

Essence
HCCC

RQ 2

RQ 1



42

Face Rig

Hamburger

How

conceptually
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3

Produce
Design

Solutions

2

Specify User
Requirements
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3

Study 2 Timeline
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Contrivance 1
Biomimetics



46

Contrivance 1
Skeuomorphic Design

(D. Norman 2013) .
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Study 2 Design 
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Evaluation
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Study 2 Design 
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Participants

01

N=5
N=5
N=5

N=20

N=5

Within-Subject
study
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Evaluation Tools

Technology 
Acceptance 

Model
(TAM)

System
Usability

Scale
(SUS)

Attrak+Diff

Intent to use Usability User Experience

Richard Bagozzi (Davis 1989, Bagozzi) Brooke, J. (1986). Hassenzahl, M., Burmester, M. & Koller, F. (2008)
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Expected outcome

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

Design Principles which form effective guidelines to 
inform intentions of the driver (AV) to the passenger 

(DAU).

RQ 2
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Based on Design Theories discovered by study 1 & 2

Contrivance 2: 
High-Fidelity Prototype
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Contrivance 2: 
High-Fidelity Prototype
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Study 3 Timeline
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4

Evaluate
Design

Against User 
Requirements

SUCCESSFUL
DESIGN 

SOLUTION
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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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Study 3
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Participants

N=15N=15

N=30

Between-Subject
Study
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Apparatus
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Analysis

Technology 
Acceptance 

Model
(TAM)

System
Usability

Scale
(SUS)

Intent to use Usability

Trust in
Automation

(TiA)

Trustworthiness

Moritz Körber (2015)Richard Bagozzi (Davis 1989, Bagozzi) Brooke, J. (1986). 
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Expected outcome
What are the effects of Intention awareness inducing
HMI on DAUs compared to DAUs without awareness 
of the AVs intentions?

Design theories which guide an 
efficient AR HMI which models 

Intention Awareness

Effects of Intention Awareness 
inducing HMIs on DAUs.
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Research Timeline
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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


