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ABSTRACT

The role of the driver changes to that of a passenger in autonomous cars. Thus, the
vehicle interior transforms from a cockpit into a multimedia station and workspace.
This work explores concepts for Artificial Intelligence (Al) to provide a personalized
user experience for the passengers in the form of Contextual Personalized Shor
tcuts and Personalized Services in the infotainment system. The two use cases were
iteratively developed based on literature research and surveys. We evaluated Al-
Personalized Services and compared Al-generated to the manually configurable shor-
tcuts. AttrakDiff (Hassenzahl et al., 2003) and Car Technology Acceptance Model
(CTAM; Osswald et al., 2012) were used to evaluate UX and user acceptance. The Al-
Personalized interface obtained positive scores and reactions in the user testing and
shows potential. Based on the insight from the user studies and literature review, we
present and human-Al interaction guidelines to build effective Al-personalized HMIs.

Keywords: Artificial intelligence, Automated driving, Al-driven personalization, Personalized
interfaces, Design guidelines, Interaction guidelines

INTRODUCTION

Conventional human machine interfaces (HMIs) are usually a “one size-fits-
all” solution sometimes with configurable options that rely on user input.
Such systems have an inability to cater to differences in knowledge, style,
and preferences of users. This emphasizes the need for streamlined commu-
nication between future cars and its occupants (Amditis et al., 2006) and
thus, personalized interfaces, wherein the HMI adapts to the behavior and
preferences of the user (Langley, 1997). As the users’ needs and behaviors
change, the HMI needs to adapt accordingly (Hasenjager et al., 2017). Al
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in its essence, is a learning system (Winkler, 2019), that can take user data
as input and build a user model for dynamic adaptation. Thus, Al driven
personalization is highly suitable for HMIs, especially in automated vehicles.
This work contributes to the state of the art by investigating the effect of Al-
Based Personalization of Automotive HMIs in fully automated vehicles on
the User Experience and User Acceptance of its occupants. We build upon
related work from research on in-car HMIs and Human-Al interaction to
identify and explore relevant use cases.

USE CASES FOR AI-BASED PERSONALIZED HMIS

The inspiration and input from the related work was combined with surveys
and studies for a systematic exploration of the research questions. We began
by outlining use cases for Al-based personalization in automated vehicles.
First, we identified the intended target group of Al personalized HMIs —
users aged between 18-45 years — as they have been surrounded with tech-
nology since a very young age and would be the first ones with access to
and interest in automated vehicles (Mangelsdorf, 2015; Bolton, 2013). We
then invited 6 representative users of the target group to an online brain-
storming to gauge their perception of Al in car HMIs. We conducted another
focus group with 6 researchers of mass personalization in the field of automo-
tive human factors. The Focus group lasted 60 minutes with “Identification
of use cases for Al-Personalized HMIs” as the purpose statement (Wilkin-
son, 1998). Additionally, we interviewed experts in the field of research on
automotive human factors on their views on status quo of Al in cars and
identification of use cases for Al-Personalized HMIs. We also conducted a
systematic literature review to identify activities that vehicle users currently
conduct in their car and desired activities for the future: Pfleging et al. (2016)
helped us to identify use cases such as media consumption, news, gaming, and
fitness. Braun et al. (2020) allowed us to find use cases such as proactivity,
navigation etc. for automated driving. Subsequently, we were able to identify
the potential of using Al to customize the user interface through the work
of Gaffar et al. (2016). Secondary research (PYMNTS.com, 2019; Zoghby
et al., 2018; Feinberg et al., 2017; Segment, 2017) revealed current activities
conducted with cars when not commuting, such as ordering food for takea-
way, dining at drive thru, grocery shopping etc., as well as a key interest in
personalized experiences. After removing duplicates, this process resulted in
30 potential use cases for Al personalization in automated vehicles.

Out of 30 potential use cases, we chose 2 for a detailed study: The first
use case, Contextual Personalized Shortcuts, is based on earlier research
on personalized HMIs. Garzon stated that car infotainment systems had
at least 3 levels of interaction before accessing most used functionalities.
Garzon proposed the following solution: shortcuts to often used functio-
nalities based on the context functionalities are most used in (2012). We
validated the relevance of Contextual Personalized Shortcuts using Screens
Studio (www.screensstudio.com), an online car HMI benchmarking tool: We
analyzed the number of steps necessary to access the most frequently used
functionalities (Garzon, 2012) for 5 state-of-the-art vehicles, see Figure 1. We
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Functions MIZU():(I- B cenes HondaE Porsche Taycan |MMI - Audi e-tron Jcliaiagacolt
ass 2018 8
Play a radio station from search 4 3 3 3 3
Play a radio station from presets 3 N/A 3 3 N/A
Play a track/album/playlist from
hone Bluetooth 3 3 3 5 2
ICall a contact from search 6 3 3 3 3
[Navigate to a POIL
(location/home/work etc) from
search 4 3 3 4 4
|Accessing favorites/shortcuts. 3 Home Screen Home Screen Home Screen 2,3,4 pages of HS
Settings favorites/shortcuts At least 3 2 3 2 2
|Shortcuts
Eoes this infotainment have
shortcuts? Yes Yes Yes Yes Yes
If yes - how many? 2and4 6 3 4 Almost 10
2 adaptive shortcuts| One big widget, one|
for eac_h - phone User-customizable 3 ' .. bl 2 : dium widget and
hat kind of shortcuts? ra_dlu_and hiovteatison widgets which can shortl:_uts- main |2 small shortcuts on|
nawgat_lun. 4 [E————. be used as the functions ?nly 2 screens and 2 big
customizable home screen (Phone, Radio etc) widgets on last
favorites screen

Figure 1: Analysis of steps necessary to access most frequently used features in 5
state-of-the-art automotive HMls, including analysis of utilization of shortcuts.

also assessed whether the HMIs included shortcuts, the number of shortcuts,
and how the shortcuts were implemented.

The analysis revealed a continuing relevance of Contextual Personalized
Shortcuts, as users of current automotive HMIs must take 3-6 steps just to
access commonly used functionalities. Shortcut analysis revealed that shor-
tcuts are not based on context. Thus, the shortcuts do not adapt to users’
changing needs. This makes research on Contextual Personalized Shortcuts
relevant to users.

We identified the second use case, Personalized Services, based on subtasks
of current in-car activities, e.g., ordering food for takeaway, grocery shop-
ping, visiting restaurants, etc. Potentially relevant subtasks for Personalized
Services include restaurant reservation, grocery shopping, ordering groceries
for pick up, ordering food for takeaway, ordering coffee for takeaway, and
ordering food in a drive through (PYMNTS.com, 2019). To choose the three
most interesting out of these subtasks, we conducted an online survey with
n = 60 participants. We described the subtasks and how they would work
when based on Al The three subtasks ranked most highly were: picking up
food for takeaway, visiting restaurants, and grocery shopping.

DESCRIPTION OF THE USE CASES

We formalized the two use cases for a detailed study and implementing
prototypes for evaluation.

« Contextual Personalized Shortcuts: The HMI should display personalized
shortcuts to functions (such as making a call, playing a particular radio
channel etc.) based on the users’ frequency of this activity in a particular
context (day, time, and location).

« Personalized Services: The Al-personalized HMI provides personalized
recommendations for grocery ordering, dining out or ordering food for
takeaway based on the users’ decisions in the past. E.g., if the user shops
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for apples at a certain supermarket chain on the way home on Fridays, the
HMI provides personalized recommendations for groceries and commu-
nicates with the smart home to recommend missing grocery items. Upon
selection, the system places the order based on estimated waiting times
and navigates the car to a supermarket where the user can pick it up.

We validated user interest for both use cases with a survey (z = 30). Partici-
pants stated their general interest in Al as 75% on a scale of 0% (no Interest)
to 100% (Very interested). We also queried whether participants already had
Al-based HMIs in their cars. 93% of the users did not. We then described the
2 use cases Contextual Personalized Shortcuts and Personalized Services, and
asked participants whether they were interested to use the respective system.
The survey confirmed relevance, goals, potential pain points, and motiva-
tors for the use cases. Data from the survey was used to create a persona as
representative of the target group for our prototype.

THE AI-BASED PERSONALIZED HMI

Based on the user-centered design approach (Abras et al., 2004) we star-
ted with a user journey, curating guidelines on human-Al interaction, and
iteratively implementing, and refining the prototypes.

First Iteration: Paper Prototype

We used the goals of our persona and use cases to write the user journey,
based on the question “How would the persona use the system described in
the two use cases in a perfect day in their life?”. We searched literature for
guidelines on human-Al interaction as basis for the prototype, but quickly
realized that we had to curate guidelines ourselves. A total of 59 guideli-
nes were curated from over 15 sources, which include academic research
as well as best practices from big organizations (Amershi et al., 2019; Uga,
2019; Lovejoy, 2018; Baxter, 2017; Holbrook et al., 2017; Nielsen, 20035;
Shneiderman, 2004; Horvitz, 1999). Based on this we evaluated a paper pro-
totype (see Figure 2a) with 2 human factors experts and gathered valuable
feedback on improving the interaction flow for the user. This was used as a
blueprint for the high fidelity protype built in InVision! (see Figure 2b).

Second Iteration: High-Fidelity Prototype & Expert Evaluation

The high-fidelity prototype was implemented to compare Al and non-Al
shortcuts and evaluate Personalized Services. We conducted the Heuristic
Evaluation with 6 experts in the field of automotive Human Factors, using
Nielsen’s 10 heuristics (Nielsen, 2005) and the ISO 9241-110 (ISO, 2020). We
identified § areas of optimization potentials to enhance our prototype: feed-
back given by Al, recommendations given, understandability of user control
on choices, reversibility of actions to increase user control, and aesthetics.

1www.invisionapp.com/studio
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Figure 2: Exemplary screens from paper prototype (a, left) and clickable prototype
(b, right) used for expert review and user study.

Figure 3: Example for use case Personalized Services: Based on user selection history,
different cuisines are recommended for a lunch break enroute. Based on user choice,
available restaurants are then recommended.

Third Iteration: User Study on Refined High-Fidelity Prototype

A pilot study (with 4 participants) resulted in a change of the comparison
condition for the use case Contextual Personalized Shortcuts: Instead of
“walking through menus step by step”, we implemented manually configu-
red shortcuts as comparison condition based on the pilot study. We compared
the use of Al to provide Contextual Personalized Shortcuts through the HMI
helps the user perform frequent actions, impacts the user experience and the
user acceptance.

We conducted remote moderated user testing with 14 users. Users had to
test the prototype on a tablet device, with a driving video playing on the com-
puter in front of them, to simulate the driving environment. They were given
tasks based on the interaction scenario in three blocks (see Figure 4). Persona-
lized Services (see Figure 3) were evaluated by themselves as a contemporary
HMI did not exist.

RESULTS AND DISCUSSION

For the use case Contextual Personalized Shortcuts, the effect of Contextual
Personalized Shortcuts on user experience was positive compared to manually
configured shortcuts. The Contextual Personalized Shortcuts received higher
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Block 2
Block 1 Block 3
. ; Assessment of use case
Parctipants experience use Assessment of use case
case Al-personalized

shortcuts and also manually

Personalized Services;
subtasks , ordering food for
takeaeay” and ,reservation

for a restaurant en route”

AttrakDiff + qualitative AttrakDiff + CTAM + AttrakDiff + CTAM +
interview qualitative interview qualitative interview

Figure 4: Procedure of user study for the two use cases including sub tasks and
measurements.

Personalized Services;
subtask ,ordering groceries

configured shortcuts for takeaway”

ratings for 8 out of 10 qualities. It also scored better on the AttrakDiff’s port-
folio of results, achieving “desirable” Pragmatic and Hedonic qualities. Users
expressed a positive response towards the contextual aspect of the personali-
zation, simplicity as well as transparency. They also expressed that a greater
number of shortcuts as well as an ability to have both Al personalized and
manually configurable shortcuts together would be a welcome addition.

For the exploration of Personalized Services, results from the CTAM &
AttrakDiff questionnaires revealed that users exhibited positive user experi-
ence and user acceptance, but Perceived Safety and Social Influence needed
improvement. For both subtasks of Personalized Services, the concept scored
well for user experience in the AttrakDiff, once again achieving “desired”
Pragmatic and Hedonic qualities in the portfolio in both cases. It also sco-
res well for User Acceptance on CTAM, except for the constructs of Social
Influence and Perceived Safety. In the case of Personalized Services, users
expressed positive feelings towards the simplicity of the concept and user
flow, the detailed recommendations provided by the system, as well as the
end-to-end solution. Participants expressed concerns over the fact that this
system felt slightly unpredictable due to the Al’s behavior, and the fact that
they felt restricted by the AI’s choices.

The opinions expressed by the users in the detailed qualitative interviews
and the results from the questionnaires in the user study reveal that users are
interested in Al-personalized infotainment systems in the vehicles. While the
system fascinated them, the users also expressed certain concerns about the
Al-personalized systems, such as being restricted by choice, and unpredictable
behavior. These concerns highlight the areas of concern to be addressed when
designing Al-driven HMIs for automated vehicles in the future. We also took
these concerns into consideration while compiling our final list of Human-Al
interaction guidelines for Al-Personalized in-car HMIs.

GUIDELINES FOR Al DRIVEN IN CAR HMI(S)

Based on insights derived from the extensive surveys, user studies and lite-
rature review, we propose a consolidated set of interaction design guidelines
for Al based personalized in-car HMIs (see Table 1). These have been catego-
rized based on the different phases before, during, and after interaction takes
place with the user and the HMI.
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Table 1. Guidelines for human-Al interaction in automated vehicles, based on exi-
sting guidelines from human-machine interaction and feedback on our Al-
personalized HMI.

Guideline

Definition

During
Interaction

When Wrong
6

Over Time/Long
Term

For
Personalization

Timing is Critical

Speed is Important

Use simple,
conversational
language

Require few steps

Let the user know of
resources behind the
AT’s output

Offer an escape hatch

Maintain a working
memory of recent
interactions

Continue learning by
observation

Update and adapt
cautiously

The personalization
should be visual and
discreet

The Personalization

should be

contextually relevant

Providing
opportunities for
users to give feedback

During an important activity, the Al should not
override the user’s task with a non-critical
suggestion or activity.

The Al should be able to let the user complete
their tasks faster and more accurately, thus
having an edge over conventional systems and
contributing to improved UX.

This enables the user to build trust in the
system due to clear communication. Terms like
“suggested”, “recommended” are used to keep
expectations realistic.

The Al should not complicate the steps to
execute current tasks or personalized ones. It
may lead to high cognitive load and disrupt
UX.

The user should be aware of the resources that
influence the AD’s output, the data which the
recommendation comes from, and/or the
factors that affect personalized output.

User should always be able to decline the AT’s
recommendations & suggestions; perform the
same tasks at their will. This is important to
ensure user control and build trust.

The system should maintain a working
memory of the user’s recent interactions with
the system, since this is essential for the
building the user profile for personalization.
The system should be endowed with the ability
to become better at working with the users by
continuously learning about the user’s goals
and needs, making Al-driven personalization
dynamic.

Al should adapt to changes in users’ goals and
requirements subtly, thereby avoiding
disruptions in UX through sudden changes.
Visual feedback in the car should inform the
user of personalized functions, while not
affecting regular operation of the car.

The personalized content should be relevant to
the users’ current task and situation, to enable
understandability of presented content and
effective interaction.

The user should be enabled to provide
feedback or have alternate choices to specify
their goals, as user goals drive personalization.
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