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Please state the title of your graduation project (above) and the start date and end date (below). Keep the title compact and simple.
Do not use abbreviations. The remainder of this document allows you to define and clarify your graduation project.

startdate 28 - 02 - 2022 22 - 07 - 2022 end date

FRAMING THE OPPORTUNITIES OF AI-SYSTEMS IN THE AUTONOMOUS VEHICLE EXPERIENCE

The spread of autonomous vehicles (AVs), whose technology is becoming more accessible and ordinary
(Trubia et al., 2020), opens new paradigms and opportunities to the mobility industry. Khayyam et al.
(2020) mention the “releasing of driver time and business opportunities” and “new potential market
opportunities” among the benefits that AVs bring. Related to that, it is envisioned that the user behaviour
will completely change when travelling in autonomous vehicles, due to the change in their roles and tasks;
for instance, when the relevance of driving decreases, new spatial meanings will be created (Kim et al.,
2015). Therefore, many authors claim the need for understanding the factors that influence user
experience in autonomous vehicles (Alpers et al., 2020), seek to elicit user needs and design requirements
(Lee et al., 2022) and highlight that automobile manufacturers could offer “new technologies for functions
that go beyond traditional needs” (Lu et al., 2013). This is even more important in higher levels of
automation (namely, level NHSTA-4), in which “the vehicle is designed to perform all safety-critical driving
functions and monitor roadway conditions for an entire trip” (R6del et al., 2014).

To date, research around the user experience in Autonomous Vehicles has mainly focused on improving
the driving task performance and reducing safety concerns (Meschtscherjakov et al., 2015), such as the
system take-over in the third automation level (Kim et al., 2015). Driver trust and information support
systems (Riener et al., 2022) have also been widely analysed. Nevertheless, there is an emerging trend on
studies that analyse the new role of autonomous vehicles and focus on the non-driving-related activities
that passengers and drivers will carry (Kim et al., 2015; Pfleging & Schmidt, 2015). For instance, Geiser
and Kim (2021) proposed an approach to understand what a meaningful user experience is in the mobility
domain by looking at how fundamental needs and sub-needs can be fulfilled. They analysed how inborn,
universal needs (Desmet & Fokkinga, 2020) are operationalized in specific goals and desires within the
mobility context. Exploring what a meaningful autonomous experience is for future drivers and passengers
is a knowledge area to still discover.

Besides, in-vehicle single-sided interventions are usually proposed for AV systems (e.g., an improved Ul
design). Alpers et al. (2020) suggest that interventions could also work in response to a passenger’'s
monitored physiological and emotional state, through the design of control feedback loops. Continuous
measures, contextual factors and personalization are revealed by Reiner et al. (2022) as new directions
that will enable emotional regulation processes, and thus lead to improved in-vehicle experiences.

In this regard, Al-sub-systems might open a new opportunity area that should be explored further. Using
the concept of sub-systems, the focus is pull away from the main driving Al-system and secondary
non-driving-related future activities are addressed.
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PROBLEM DEFINITION **

Limit and define the scope and solution space of your project to one that is manageable within one Master Graduation Project of 30
EC (= 20 full time weeks or 100 working days) and clearly indicate what issue(s) should be addressed in this project.

ASSIGNMENT **
State in 2 or 3 sentences what you are going to research, design, create and / or generate, that will solve (part of) the issue(s) pointed
out in “problem definition”. Then illustrate this assignment by indicating what kind of solution you expect and / or aim to deliver, for

With this in mind, two main challenges are identified. First, a methodological challenge is found when
addressing the design of Al-related experiences. Things "now hold both perception and possible agency
(e.g., Al), and thus “participate"” in design and use in ways that previous industrially produced objects could
not” (Giaccardi, 2022). Accordingly, the ‘things-centred design’ (Giaccardi & Redstrém, 2020) design
approach presents a valuable addition for designing with the Internet of Things. Second, the challenge of
how to design experiences that fit all contexts and users arises. Assessments that are sensitive to the
needs of a specific and changing context (van der Maden, 2022) could be used to measure the impact of
context-dependent factors on the users and their experience. Actions to improve and optimize those
factors could later be taken by using feedback loops.

The ultimate goal of this research is to give recommendations on how to "provide meaningful autonomous
experiences for future drivers and passengers". Therefore, the research will aim at answering the following
research question and sub-questions:

- RQ: What are the most relevant fundamental needs and sub-needs for the future user experience in
autonomous vehicles?

-SQ1: What opportunities do Al-sub-systems present for fulfilling those needs?

-SQ2: Based on that, what new functionalities can be implemented in autonomous vehicles to enhance the
future user experience?

instance: a product, a product-service combination, a strategy illustrated through product or product-service combination ideas, ... . In
case of a Specialisation and/or Annotation, make sure the assignment reflects this/these.

Al- sub -systems in their fulfllment Based on that recommendations and strategic opportunity spaces will be
iV u ,toi u iV ufactu i valizati

This research project is part of a larger research and development initiative that TU Delft is working on
together with an automotive manufacturer in the concept of in-vehicle sub-robots (that are addressed here
as Al-systems or Al-sub-systems). It aims to set a common ground for later concept development stages.
First, in the research stage, information will be collected, relevant to the user experience in autonomous
vehicles and the autonomous mobility contexts. A combination of desk research (e.g., literature review),
preliminary qualitative first-hand research (e.g., observations and interviews) and second-hand research
(e.g., introspection research) will be conducted. Second, the collected data will be analyzed and
synthetized. It will be a process of making sense of information, framing and understanding user needs,
which will become inputs for creating imperatives in reframed mobility opportunities.Third, preliminary
concepts will be created by following the guidelines of the formulated frameworks; the aim here will be to
explore what new (Al-driven) functionalities could be implemented in autonomous vehicles to enhance the
user experience. Low-fidelity prototypes of the concepts will be created.

Lastly, in the validation stage, an evaluation will be conducted in those prototypes, and an iteration will
consequently be done in the frameworks. Based on the new frameworks, recommendations will be given to
inform automotive manufacturers for a later design and conceptualization stage.

The expected outcome is the delivery of design strategy frameworks, preliminary recommendations and/or
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PLANNING AND APPROACH **
Include a Gantt Chart (replace the example below - more examples can be found in Manual 2) that shows the different phases of your
project, deliverables you have in mind, meetings, and how you plan to spend your time. Please note that all activities should fit within

the given net time of 30 EC = 20 full time weeks or 100 working days, and your planning should include a kick-off meeting, mid-term
meeting, green light meeting and graduation ceremony. lllustrate your Gantt Chart by, for instance, explaining your approach, and
please indicate periods of part-time activities and/or periods of not spending time on your graduation project, if any, for instance
because of holidays or parallel activities.

startdate 28 -2 - 2022 _22- 7 - 2022 end date
2022
Month| Feb March April May June July

Calendarweek| @ 10 11 12 13 14 15 i 17 18 15 0 21 22 3 4 5 26 T 8 i) 30

Projectweek| 1 2 3 4 5 6 7 g 2 10 A1 12 13| 14 | A5 | A6 17 18 19 | 20| 21| 2

Date 28th | 10th | 22nd 18th 25th

i =3
Kick-off mee{iﬂg-
Midterm evaluation -
‘Green light presentation -

Final presentation -

Project phases
1. Context. prior work and rEIEuan(e_
Literature review
Reformulate RQ
2. Research
Method
First-hand research

Second-hand research |
3. Analyse and synthetize _ _
Analysis of the collected data |
Create preliminary frameworks
Iteration
4. Concept ideation _

Preliminary concepts
Low-fidelity prototypes.

5. Validation TR

Concept evaluation
6. Defver I

Design strategy frameworks
Recommendations
Final deliverables

Report writing’ -

Holidays
Easter Monday (18 Apr}
22nd April
DRS Conference (25th-3rd) -
PHASES:
1. Context, prior work and relevance
2. Research

3. Analyse and synthetize
4.Concept ideation

5. Validation

6. Deliver

MILESTONES:

Midterm evaluation: (week 19) 10th of May

Green-light presentation: (week 25) 22nd June

Final presentation: anytime from 18th July to 31st July or end of August (29th, 30th, 31st)
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MOTIVATION AND PERSONAL AMBITIONS
Explain why you set up this project, what competences you want to prove and learn. For example: acquired competences from your
MSc programme, the elective semester, extra-curricular activities (etc.) and point out the competences you have yet developed.

Optionally, describe which personal learning ambitions you explicitly want to address in this project, on top of the learning objectives
of the Graduation Project, such as: in depth knowledge a on specific subject, broadening your competences or experimenting with a
specific tool and/or methodology, ... . Stick to no more than five ambitions.

The compulsory and elective semesters of the Strategic Product Design Master program gave me some
valuable competences for this Graduation project. On the one hand, in the SPD Research course, |
learned the mindset required for approaching research, as well as the tools and methods that can be used.
In Design Strategy Project, | trained conceptualization and problem-solving skills in abstract and complex
contexts. | understood what opportunity identification means, and how it is linked to value creation. In the
Design Roadmapping course, | learned to create visions for future scenarios and to develop roadmaps
towards them. Finally, thanks to the Joint Interdisciplinary Project that | participated on during my elective
semester, | learned to manage projects in multidisciplinary environments. | hope to be able to prove all
these competences with my Master Thesis.

Apart from those, there are certain competences that | should still acquire, and the Graduation Project will
be a good opportunity for that. | listed them below:

-Mapping and designing user experiences.

-Implementing design methodologies that go beyond Human-centred approaches (e.g. things centred
design or impact-centred design).

-Designing for Al systems.

-Measuring the impact of context-dependent factors (I already worked on this during the Health and
Psychology elective, but | think that | can still dive deeper on the topic).

-Project management of an individual research project.

-Aligning research outcomes and industry needs.

Besides, there are also two personal learning ambitions behind this project. First, | would like to get more
in-depth knowledge in the mobility subject. After doing a 10-week project for NS in the subject of remote
driving and conducting a research on the resilience of public transport, | would like to combine both
autonomous processes and the mobility field. Second, | want to learn how user experience can be
designed as well as optimized, as it is something | find very interesting but could not experience yet. All in
all, I am eager to face a future-oriented technological problem that sets users in the center.

FINAL COMMENTS

In case your project brief needs final comments, please add any information you think is relevant.
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The spread of autonomous vehicles (AVs), whose technology is becoming more accessible and ordinary (Trubia et al., 2020), opens new paradigms and opportunities to the mobility industry. Khayyam et al. (2020) mention the “releasing of driver time and business opportunities” and “new potential market opportunities” among the benefits that AVs bring. Related to that, it is envisioned that the user behaviour will completely change when travelling in autonomous vehicles, due to the change in their roles and tasks; for instance, when the relevance of driving decreases, new spatial meanings will be created (Kim et al., 2015). Therefore, many authors claim the need for understanding the factors that influence user experience in autonomous vehicles (Alpers et al., 2020), seek to elicit user needs and design requirements (Lee et al., 2022) and highlight that automobile manufacturers could offer “new technologies for functions that go beyond traditional needs” (Lu et al., 2013). This is even more important in higher levels of automation (namely, level NHSTA-4), in which “the vehicle is designed to perform all safety-critical driving functions and monitor roadway conditions for an entire trip” (Rödel et al., 2014). 



To date, research around the user experience in Autonomous Vehicles has mainly focused on improving the driving task performance and reducing safety concerns (Meschtscherjakov et al., 2015), such as the system take-over in the third automation level (Kim et al., 2015). Driver trust and information support systems (Riener et al., 2022) have also been widely analysed. Nevertheless, there is an emerging trend on studies that analyse the new role of autonomous vehicles and focus on the non-driving-related activities that passengers and drivers will carry (Kim et al., 2015; Pfleging & Schmidt, 2015). For instance, Geiser and Kim (2021) proposed an approach to understand what a meaningful user experience is in the mobility domain by looking at how fundamental needs and sub-needs can be fulfilled. They analysed how inborn, universal needs (Desmet & Fokkinga, 2020) are operationalized in specific goals and desires within the mobility context. Exploring what a meaningful autonomous experience is for future drivers and passengers is a knowledge area to still discover.



Besides, in-vehicle single-sided interventions are usually proposed for AV systems (e.g., an improved UI design). Alpers et al. (2020) suggest that interventions could also work in response to a passenger’s monitored physiological and emotional state, through the design of control feedback loops. Continuous measures, contextual factors and personalization are revealed by Reiner et al. (2022) as new directions that will enable emotional regulation processes, and thus lead to improved in-vehicle experiences.



In this regard, AI-sub-systems might open a new opportunity area that should be explored further. Using the concept of sub-systems, the focus is pull away from the main driving AI-system and secondary non-driving-related future activities are addressed.
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	Project Problem: With this in mind, two main challenges are identified. First, a methodological challenge is found when addressing the design of AI-related experiences. Things "now hold both perception and possible agency (e.g., AI), and thus “participate" in design and use in ways that previous industrially produced objects could not” (Giaccardi, 2022). Accordingly, the ‘things-centred design’ (Giaccardi & Redström, 2020) design approach presents a valuable addition for designing with the Internet of Things. Second, the challenge of how to design experiences that fit all contexts and users arises. Assessments that are sensitive to the needs of a specific and changing context (van der Maden, 2022) could be used to measure the impact of context-dependent factors on the users and their experience. Actions to improve and optimize those factors could later be taken by using feedback loops.



The ultimate goal of this research is to give recommendations on how to "provide meaningful autonomous experiences for future drivers and passengers". Therefore, the research will aim at answering the following research question and sub-questions:



- RQ: What are the most relevant fundamental needs and sub-needs for the future user experience in autonomous vehicles?

-SQ1: What opportunities do AI-sub-systems present for fulfilling those needs?

-SQ2: Based on that, what new functionalities can be implemented in autonomous vehicles to enhance the future user experience?






	Project Assignment in 3: Research on the user needs within the future autonomous vehicle experience and the opportunities of AI-sub-systems in their fulfilment. Based on that, recommendations and strategic opportunity spaces will be delivered as an outcome, to inform automotive manufacturers for a later design and conceptualization stage.
	Project Assignment Elaboration: This research project is part of a larger research and development initiative that TU Delft is working on together with an automotive manufacturer in the concept of in-vehicle sub-robots (that are addressed here as AI-systems or AI-sub-systems). It aims to set a common ground for later concept development stages.

First, in the research stage, information will be collected, relevant to the user experience in autonomous vehicles and the autonomous mobility contexts. A combination of desk research (e.g., literature review), preliminary qualitative first-hand research (e.g., observations and interviews) and second-hand research (e.g., introspection research) will be conducted. Second, the collected data will be analyzed and synthetized. It will be a process of making sense of information, framing and understanding user needs, which will become inputs for creating imperatives in reframed mobility opportunities.Third, preliminary concepts will be created by following the guidelines of the formulated frameworks; the aim here will be to explore what new (AI-driven) functionalities could be implemented in autonomous vehicles to enhance the user experience. Low-fidelity prototypes of the concepts will be created.

Lastly, in the validation stage, an evaluation will be conducted in those prototypes, and an iteration will consequently be done in the frameworks. Based on the new frameworks, recommendations will be given to inform automotive manufacturers for a later design and conceptualization stage.



The expected outcome is the delivery of design strategy frameworks, preliminary recommendations and/or opportunity spaces for the development of an (in-vehicle) sub-robot concept that will improve the user experience of future mobility.
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Apart from those, there are certain competences that I should still acquire, and the Graduation Project will be a good opportunity for that. I listed them below:

-Mapping and designing user experiences. 

-Implementing design methodologies that go beyond Human-centred approaches (e.g. things centred design or impact-centred design).
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