CHALMERS

UNIVERSITY OF TECHNOLOGY

Adoption of Voice User Interfaces In
Controlling In-Vehicle Features

Understanding Key Influencing Factors and Creating Design
Guidelines for Replacing Physical Controls

Master’s thesis in Industrial Design Engineering

SIYUAN HU & JIAWE| TAO

DEPARTMENT OF INDUSTRIAL AND MATERIALS SCIENCE

CHALMERS UNIVERSITY OF TECHNOLOGY
Gothenburg, Sweden 2025
www.chalmers.se



www.chalmers.se




MASTER’S THESIS 2025

Adoption of Voice User Interfaces in
Controlling In-Vehicle Features

Understanding Key Influencing Factors and Creating Design Guidelines for
Replacing Physical Controls

Siyuan Hu
Jiawei Tao

CHALMERS

UNIVERSITY OF TECHNOLOGY

Department of Industrial and Materials Science
Division of Design & Human Factors
CHALMERS UNIVERSITY OF TECHNOLOGY
Gothenburg, Sweden 2025



Adoption of Voice User Interfaces in Controlling In-Vehicle Features

Understanding Key Influencing Factors and Creating Design Guidelines for Replacing Physical
Controls

Siyuan Hu

Jiawei Tao

© SIYUAN HU & JIAWEI TAO, 2025.

Supervisor: Fredrick Ekman, Design & Human Factors, Industrial and Materials Science,
Chalmers University of Technology

Examiner: Bijan Aryana, Design & Human Factors, Industrial and Materials Science, Chalmers
University of Technology

Master’s Thesis 2025

Department of Industrial and Materials Science
Division of Design & Human Factors
Chalmers University of Technology

SE-412 96 Gothenburg

Telephone +46 31 772 1000

Cover: The example concept of the VUI touchpoint using the established design guideline.
Typeset in IXTEX

Printed by Chalmers Reproservice
Gothenburg, Sweden 2025

iii



Abstract

Contemporary vehicles are usually equipped with numerous interior features with complicated
designs, which usually results in higher energy consumption, safety issues related to distrac-
tions, and a shorter service life due to the overreliance on screens and complicated interfaces.
To address this issue, it is necessary to develop a concept to reduce the number of interior
features.

The purpose of this thesis is to investigate whether the VUI (voice user interface) has the ability
to replace the physical controls in operating driving task during driving. Three research ques-
tions guide this investigation. The literature review employs Desmet’s Product Emotion and
Experience theories as a foundation for understanding VUI, alongside an analysis of the cur-
rent state of VUI research. A mixed-method approach was used to explore user perspectives,
incorporating qualitative and quantitative data collected through questionnaires, interviews, and
statistical analysis. The findings reveal that participants expressed a more positive attitude to-
ward using VUI for secondary and tertiary driving tasks, while showing reluctance for primary
driving tasks. Based on these insights, a User Perception Mechanism and a Decision-Making
Model were developed, accompanied by design guidelines. A comparative experimental study
identified specific physical controls that could be replaced by voice interaction. These findings
informed the creation of use scenarios and the development of a concept —a car key fob inte-
grated with VUI, which was visualized with 3D design tools. The results suggest that VUI has
significant potential to support controlling driving tasks features, enhance user experience, and
contribute to the development of future intelligent car cockpits.

Keywords: Voice User Interface, User Experience, Industrial Design,Interaction Design, Au-
tomotive, Driving tasks
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Acronyms

Below presents the acronyms used in the report.
VUI: Voice User Interface

OEM: Original Equipment Manufacturer

HCI: Human—computer Interaction

PCA: Principal Component Analysis

MLR: Multiple Linear Regression

PDT: Primary Driving Task

SDT: Secondary Driving Task

TDT: Tertiary Driving Task

BEV: Battery Electric Vehicle

PHEV: Plug-in Electric Vehicles
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I INTRODUCTION

1 Introduction

The first chapter provides an overview of the project including the background, research ques-
tions and objectives. In addition, an overview of the report structure is presented.

1.1 Background

User experience plays an important role in the automotive industry, from the initial research
and purchasing process to the driving experience and after-sales service. For car designers,
user experience not only includes the physical design of vehicles, but also considers every
aspect of interaction between the user and the car.

In the automotive field, driving tasks are defined as different activities conducted by drivers or
passengers associated with operating a vehicle and are divided into three classes (Pfleging &
Schmidt, 2015). The primary driving task comprises all activities that are required to maneu-
ver the vehicle, including all activities regarding lateral and longitudinal control of the vehicle,
as well as “maintaining alertness to traffic and other potential hazards”. The secondary task
relies on and supports the primary driving task. It refers to functions that increase driving per-
formance or safety, such as activating headlights, cruise control, or windshield wipers. The
tertiary tasks refer to all other tasks such as operating comfort, infotainment, and communi-
cation systems, or eating and drinking. Features are components or systems that driving tasks
rely on. (e.g., the car door is a feature, and opening the door is a tertiary driving task).

The contemporary automotive industry faces a trade-off between consumer demand for numer-
ous features and considerations of safety and sustainability. Various car manufacturers have
launched vehicles equipped with numerous interior features with complicated designs, which
is a way for them to gain a competitive advantage against competitors. However, these addi-
tions usually result in higher energy consumption, safety issues related to distractions, and a
shorter lifespan of the design due to over-reliance on screens and complicated interfaces.

VUI, which stands for Voice User Interface, is a technology that enables users to interact with
computers, devices, or applications using spoken language (M. Cohen, Giangola, & Balogh,
2004). It emerges as a promising technology that allows for hands-free interaction between
users and specific products. Moreover, it has also become a trend to use VUI to complete
different driving tasks within vehicles which contributes to minimizing driver distraction and
cognitive load due to visual stimuli (Murali, Kaboli, & Dahiya, 2022). For example, Amazon’s
voice assistant, *Alexa’, has been integrated with tens of car brands, which can play music,
adjust cabin temperature, and perform other tasks based on user voice commands (Amazon,
2023).

Apparently, interior features can be optimized if VUI is widely used in the car. However, to
what extent VUI can complete driving tasks remains uncertain, as well as what specific interior
features can be controlled by VUI. Also, how this transformation will potentially impact user
experience remains unclear. This master thesis project was initiated in order to investigate these
issues and offer relevant recommendations to the automotive industry.
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1.2 Aim

The aim of the thesis is to explore the feasibility of utilizing VUI to conduct different types
of driving tasks and to evaluate which tasks is suited to be operated using VUI without setting
up physical controls. In here, In-car physical controls refer to the tangible, manually oper-
ated devices or interfaces present in the vehicle, such as buttons, knobs, levers, or touchscreen
systems, which require direct physical interaction by the user.

1.3 Research questions

Three specific research questions are designed to guide this thesis:
1. What specific driving tasks can be conducted using VUI?
2. Are there any driving tasks that are preferred to be conducted using VUIs? If so, which?

3. How can a concept using VUI be designed and how does user experience affect the design?

1.4 Research objectives

According to research questions, the subdivided research objectives are presented as follows:
1. Identify specific tasks that can be conducted using VUL
2. Determine the key factors influencing the adoption of VUIs

3. Develop actionable design guidelines and implement a VUI design practice for controlling
in-car features.

1.5 Overview of report

The report consists of 8 chapters. Here is the overview of the report excluding chapter /.
Introduction.

Chapter 2. Literature Review presents the fundamental theories of the project and focuses on
user experience and VUI design and evaluation.

Chapter 3. User Study presents the research methods used, including quantitative and quali-
tative approaches. It details the preparation, participant selection, and the design/analysis of
survey and interview questions aimed at understanding user experiences and expectations of
VUIs in vehicles.

Chapter 4. Influence Model and Factors introduces a model to illustrate the key factors af-
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fecting VUI adoption for in-car feature control without applying physical controls. It includes
components such as user attributes, expectations, and product features.

Chapter 5. Comparative Study and Experiment describes the experiment setup, participant
recruitment, and procedures for testing the usability, user experience, and safety of VUIs in
feature controls. Results from comparative studies between VUIs and physical controls are
presented.

Chapter 6. Design Guidelines and Practice provides design guidelines for VUIs, emphasizing
interaction strategies, feedback mechanisms, and technical requirements. It also showcases a
final VUI touchpoint design practice based on these guidelines.

Chapter 7. Discussion and Conclusion reflects on the study’s findings, their implications, and
their alignment with existing theories. It also examines the limitations of the research and offers
directions for future studies. Key outcomes of the study are summarized, with a focus on the
feasibility and design of VUIs as potential replacements for physical controls. The discussion
highlights critical insights into user experience and usability, offering design guidelines for
practitioners and suggesting areas for future work.



2 LITERATURE REVIEW

2 Literature review

This chapter aims to identify existing theories related to the project. The theoretical foundation
is constructed around three primary components: driving tasks, VUI, and user experience. Each
of these elements plays a crucial role in guiding the execution of the project.

2.1 User experience

The International Organization for Standardization (ISO) offers a widely accepted definition
of user experience as “’the perceptions and responses resulting from the use and/or anticipated
use of a product, system, or service” (International Organization for Standardization, 2018).
User experience is an overarching concept which involves the feelings and emotions of users,
highlighting the importance of studying the emotional responses users have while interacting
with products.

In the first part of this section, we introduced and explained the theoretical foundations of
the product emotion model and review how the appraisal model is applied in user interviews.
In the second part, we describe the product emotion model developed by Desmet and others
based on the appraisal model and discuss how this framework maps the various psychological,
social, and behavioral effects pathways that arise from human-product interactions. This aids
in our understanding and application of the framework in user research to analyze the various
emotions and cognition that users experience when interacting with products. The final part will
clarify the generality of the framework and how it will guide our application of this theoretical
framework to research and design frameworks suitable for voice user interfaces.

2.1.1 Emotion and appraisal model

Emotions are often understood or defined as “’positive or negative experiences associated with
specific physiological activities,” which can lead to various physiological, behavioral, or cog-
nitive changes with varying effects and duration. For example, consumers may feel joy when
purchasing a desired product. Frijda notes that emotional states reflect the affective relationship
between an individual and a specific object, such as the happiness experienced by consumers
when acquiring a desired product. Therefore, when studying product experience and the emo-
tional responses it evokes, the product should be considered as the starting point of research.

In the cognitive tradition of psychology, emotions are considered a signal that indicates whether
events are beneficial or detrimental to an individual’s concerns. Appraisal can be understood
as the evaluation and interpretation process of the emotion-inducing event, which can then be
defined as a rapid assessment of an individual’s sense of well-being (Frijda, 1986; Lazarus,
1991). Although appraisals are mostly automatic and non-verbal, to conceptualize this, ap-
praisal can be broadly understood as answering the question: “What does this situation mean
for my well-being?” When the answer is beneficial to personal well-being, it generally results
in pleasant emotions; conversely, it may trigger unpleasant emotions. For example, when a
computer crashes at a critical moment, one might feel anger or anxiety.
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The research literature on appraisal suggests two main methods of differentiation: themes and
components. The thematic method describes appraisals using summative statements that re-
flect the overall personal significance of a situation (Lazarus, 1991). For instance, sadness is
generally associated with irrevocable loss, while happiness corresponds to achieving goals. On
the other hand, the componential approach does not rely solely on a foundational question but
explores various aspects of a situation through multiple questions such as, "How does this sit-
uation affect my motives?”” and “Is this situation as expected?”” The answers to these questions
are termed appraisal components, and each discrete emotion involves a specific pattern of these
components (Roseman, 2001; Scherer, 2001).

Although the thematic method provides more than just a sum of components and offers a holis-
tic understanding of anticipated emotions, Desmet, Demir (2002, 2009), and others believe
that the appraisal components approach allows for a more systematic and detailed analysis of
the emotions that might arise during the design process and understanding user responses to
products and the experiences they deliver across different settings. Despite its limitations and
the challenge of connecting abstract concepts like “irrevocable loss” with product emotional
experiences, this method is still valuable. According to research by Demir et al. (2009), the
seven appraisal components necessary in the design application process are: motive consis-
tency, intrinsic pleasantness, expectation confirmation, standard conformance, agency, coping
potential, and certainty. These components are relevant to user experience in human-product
interactions and can effectively assist researchers in designing and refining user study.

* Motive consistency: Concerns how a situation aligns with individual motives. Positive
emotions arise if the situation is consistent with one’s desires, while conflicting situa-
tions evoke negative emotions. Motives range from abstract (universal needs) to specific
(immediate goals).

* Intrinsic pleasantness: Relates to the direct sensory appeal of an object or situation.
This can be viewed as a type of motive consistency related to survival instincts, function-
ing without conscious motive representation.

* Expectation confirmation: Involves assessing whether outcomes meet preconceived
expectations. Satisfaction or disappointment occurs when expectations are confirmed or
disconfirmed, respectively.

» Standard conformance: Assesses how a situation conforms to social norms and per-
sonal standards. Violations may trigger negative emotions like anger or guilt, while ad-
herence can elicit pride or admiration.

» Agency: Deals with attributions of responsibility for an event. Can lead to self-conscious
emotions (pride, shame) if one attributes the cause to oneself, or external emotions (anger,
admiration) if others are deemed responsible.

* Coping potential: Evaluates one’s capacity to manage or alter undesirable circum-
stances. High coping potential may lead to proactive behavior to change a situation,
whereas low potential might result in avoidance behaviors like fear or anxiety.

* Certainty: Pertains to the level of certainty one has about an event. Uncertainty can
cause fear or hope depending on the potential outcomes, while certainty is linked to
emotions like happiness or sadness when outcomes are clear.

The components and their respective questions are shown in the Table 1 below.

5
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Table 1: Appraisal Components and Their Key Relational Issues

Appraisal Component Key Relational Issue

Motive consistency Does this event help me in attaining my goals and mo-
tives?

Intrinsic pleasantness Is this event pleasant or enjoyable?

Expectation confirmation Does this event confirm my expectations?

Agency Who (or what) is responsible for this event?

Standards conformance Does this event match with my social norms and stan-
dards?

Coping potential Can I handle or change the event?

Certainty How certain am I about the event?

2.1.2 Product emotion and experience

According to Ortony’s cognitive model (1988), Desmet and Hekkert (2002) built upon the ap-
praisal model to explore how products and their interactive experiences evoke emotions during
use, proposing a seminal model that categorizes product emotions. While individual emotional
responses to products vary, these responses universally result from the product’s impact on
personal concerns, such as standards, attitudes, and goals.

This model divides the emotional response process into four key parts: appraisal, concerns,
product, and emotion. The first three elements and their interplay determine whether a prod-
uct triggers an emotion and the type of emotion elicited. The product serves as an emotional
stimulus in three ways: the product itself (Objects), the product (or designers) as agents, and
the product as a promise of future use or ownership (Events). Each emotion is rooted in a
concern—a relatively stable preference for specific states of the world, as outlined by Frijda
(1986). Frijda considers these concerns as reference points during the appraisal process and
a concept is further elaborated by Desmet (2003). The corresponding concerns are attitudes,
standards, and goals, respectively. Firstly, products evoke emotional responses through their
aesthetic appeal or functional attributes, directly influencing user emotions based on their ap-
pearance or usability. Secondly, the product acts as an agent, where the designers’ intentions
and the product’s functionalities play crucial roles, including innovative elements and poten-
tial design flaws, significantly impacting the user experience. Thirdly, the product is seen as a
promise of future benefits, involving the emotional impact expected from using or owning the
product, such as the status elevation anticipated from acquiring luxury items.

1. Products as Objects: Relates to the intrinsic properties of the product (e.g., design,
appearance) and how these properties match personal tastes or attitudes.

2. Products as Agents: Considers products in terms of their functions or the value brought
by its creators(e.g., a car’s reliability or a designer’s creativity ).

3. Products as Events: Focuses on the anticipated future use or ownership of the product
and its expected consequences.

Building upon the basic model of product emotions, Desmet and others suggest that the inter-
action process between users and products is as crucial as the product itself. Unlike the direct

6
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Figure 1: Basic model of product emotions(left) and Classification of product emotions (Right)

emotional stimulation by the product’s physical aspects, interactions with the product generate
concerns (instrumental interactions, non-instrumental interactions, and non-physical interac-
tions), which foster emotional inclinations towards the product, thereby shaping the overall
product experience. Here, the product experience is comprised of three distinct components:
aesthetic experience, experience of meaning, and emotional experience (2007). As shown in
Figure2. The aesthetic experience involves the sensory delight or offense obtained from a prod-
uct, from not at all aesthetically pleasing to very aesthetically pleasing (Blijlevens et al., 2017).
Experience of meaning involves the cognitive processes of interpretation and association to at-
tribute significance to products. It can be generated from sight, hearing, and touch, and can
also be affected by contextual factors like culture and more (Karana et al., 2010). Emotional
experience is an affective phenomenon that covers a wide range of feelings and is triggered by
the personal evaluation of the product’s potential advantages or disadvantages (Desmet, 2002).

emotional
USER experience PRODUCT
.

aesthetic experience
experience of meaning

user-product interaction

Product
Experience

Figure 2: Relationship between product emotion and experience

1. Aesthetic Experience: Involves sensory pleasure derived from the product and is influ-
enced by its design, form, and material.
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2. Experience of Meaning: Engages cognitive processes where products are imbued with
personal or symbolic significance, influenced by cultural, social, and individual factors.

3. Emotional Experience: Encompasses feelings and emotions that arise from the prod-
uct’s interaction with the user’s personal goals and values.

The relationship between aesthetic experience, experience of meaning, and emotional experi-
ence is intertwined but can be emphasized as the relationship between the emotional part and
the other two. Generally speaking, experience of meaning and emotional experience both gen-
erate emotional experience because they are both highly subjective and vary from person to
person. For the experience of meaning, a modern stainless kitchen may make people feel ef-
ficient while some people may think it is cold and impersonal, which results in disaffection.
For aesthetic experience, people may feel emotionally disappointed at something that does not
match their aesthetic taste.

Fokkinga, Desmet, and Hekkert (2020) have synthesized previous theories on product emotion
and experience to formulate a comprehensive framework for understanding the impact of design
on user psychology and behavior. This framework transitions from traditional user-centered
design to a broader perspective that includes the effects of design on both individual and societal
psychological and behavioral outcomes. This perspective is structured into three levels:

BEHAVIOR Cmmnnee EXPERIENCE

~ L S :
: el 3

KNOWLEDGE ~ ....... > ATTITUDE

PRODUCT EXPERIENCE

: PRODUCT INTERACTION
PRODUCT EMOTIONS & USE

~ ~

PRODUCT PRODUCT
AESTHETICS MEANING

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Figure 3: The impact-centered design framework (Fokkinga, Desmet, & Hekkert, 2020).

* First Level: Direct product interactions and experiences, including aesthetic, meaning-
ful, and emotional experiences.

* Second Level: Indirect and long-term impacts on behaviors, attitudes, knowledge, and
general experiences.
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* Third Level: Effects on quality of life and societal norms.

Table 2: Basic descriptions of the framework elements from the Impact-Centered Design
framework (Fokkinga, Desmet, & Hekkert, 2020).

Impact Dimension Description

Overall Impact

Quality of Society The overall impact on the composition and values of a soci-
ety.

Quality of Life The overall impact on the well-being of individuals and
communities.

Human Impact

Behavior Activities and deeds that are enabled and stimulated by us-
ing the product.

Knowledge Insights gained and greater understanding facilitated by us-
ing the product.

Experience Feelings evoked by situations and events that are enabled or
supported by the product.

Attitude Opinions (about people, objects, events, actions, and ideas)

that are influenced by using the product.

Product Properties

Meaning Meanings, expressions, and associations assigned to the
product.

Aesthetics The extent to which the product gratifies (or offends) the
human sensory systems.

Emotions Positive and negative emotions evoked by the product.

Human-Product Interac- All events that take place between the individual and the

tion product, such as perceiving it, using it, and storing it.

The first level includes two dimensions: the product itself, which encompasses product prop-
erties and the interactions that occur when people use the product. The emotional dimension
induced by the product, which incorporates the three types of product experiences introduced
by Desmet and Hekkert (2008): Aesthetic, Meaning, and Product Emotion. This level triggers
the second layer of personal impact factors, including behavior, attitudes, (overall) experiences,
and knowledge. This, in turn, extends to influence the quality of life of users and other stake-
holders, as well as long-term impacts on societal dimensions. This is illustrated in the figure 3.
Detailed definitions and explanations for each part are displayed in Table2.

When analyzing the impact (anticipated or unanticipated) of products, the framework’s logic
flows from the bottom to the top: the properties of the product lead to specific product inter-
actions, which in turn trigger product experiences and broader human impacts. This helps us
understand the fundamental reasons behind users choosing products and aids researchers in un-
derstanding and applying knowledge to meet actual user needs. However, it is noteworthy that
in reality, designers find that impacts are complex and challenging to categorize and discuss
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individually. This means there may be multiple strategic pathways to achieve desired human
impacts, possibly due to several reasons: psychological effects do not exist in isolation, de-
signers struggle to directly influence the second layer of human impacts, and any process may
involve unintended consequences. This also implies that the framework is subject to modifica-
tions based on actual situations. We will further discuss and possibly modify this model based
on specific conditions and practical applications in chapter 4.

2.1.3 Integration in design practice and design application

The practical application of these theories in design is advocated by frameworks that guide the
creation of products tailored to evoke desired emotional responses. This approach encourages
designers to consider the emotional impact of their designs as central to the user experience,
extending beyond mere functionality to address the complex emotional landscape of the users.
For example, Tonetto and Desmet (2016) studied a new method to enhance the ecological
validity of user experience surveys by incorporating natural language into the generation of
questionnaire items, using the appraisal model. This approach not only helps capture users’
genuine feelings about products but also provides more precise feedback for design practice.

Products are intricately intertwined with various human aspects: they depend on and overlap
with each other. For example, attitudes, beliefs, and motivations are influenced by knowledge
and feedback, and vice versa. Knowledge and attitudes can affect behaviors, new behaviors
can lead to different experiences, and emotions can also influence the equation of behaviors. In
principle, since each of the four components can affect all other components (and subsequent
ones), designers have many approaches they can take through this framework. It is important
to note that designers actually exert influence by manipulating the product itself or its various
attributes, or by intervening in human behaviors. Additionally, it is assumed that design actions
primarily flow from the bottom to the top of the framework (starting from product functionality
to ending at quality of life and social quality), but incidental effects can also occur within the
same layer of attributes, and even reverse effects are possible.

2.2 VUI

VUI, which comes in various systems or devices controlled by voice but can also provide
voice or vision assistance (Klein et al., 2023), is widely accessible and has been integrated
into everyday life via smart devices such as smartphones and smart speakers. People are now
showing strong interest in using voice interfaces and often view as common way to perform
simple tasks (pyae & Joelsson, 2018).

2.2.1 Arising interest

There are several factors influencing people show the interest in using VUI. The following dis-
cussion outlines key aspects influencing user interest: Understanding why people are drawn
to using VUIs requires examining several key factors that influence technology acceptance.
According to Buteau & Lee (2021), technology acceptance is significantly shaped by social in-
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fluences, including social and personal norms, and privacy concerns. Mclean & Osei-Frimpong
(2019) added that the utilitarian, symbolic, and social benefits of VUIs play a crucial role, with
users often valuing performance and practical utility over hedonic qualities. The human-like
capabilities of VUIs, which simulate companionship, further incentivize adoption by fulfilling
both functional and emotional needs.

Trust is another pivotal element driving interest in VUIs. As users engage in brief social ex-
changes with these interfaces, they develop trust, which is critical for sustained interaction and
influences the extent of user engagement and task completion (Lee et al., 2021). Trust factors
include system performance, recognition accuracy (Dietvost et al., 2015), and the perceived
personality of the interface, which can be customized to enhance relatability and effectiveness
(Braun et al., 2019).

Widespread scenarios and applications have led to greater adoption and acceptance of the tech-
nology by users. As noted by Sandra Kriiger et al. (2021), these interfaces are increasingly
perceived as social entities capable of intricate conversational dynamics akin to human-human
interactions. This perception not only improves user experience but also aids in mitigating neg-
ative emotions and driving pressures associated with traffic congestion, potentially reducing
risky behaviors (Kriiger et al., 2020). Moreover, developments in VUI technology envision a
future where voice assistants extend beyond mere driving aids to become integral components
of social communication (Ringfort-Felner et al., 2022). This aligns with findings by Jung et al.
(2020), which suggest that integrating VUIs with other modalities like haptic interactions can
enhance operational efficiency without increasing distraction, thereby improving overall safety
and interaction quality. Furthermore, targeting specific user groups with tailored VUI applica-
tions, as demonstrated by Gordon and Breazeal (2015) with their parental voice interface for
car trips, showcases the adaptability of VUIs to meet diverse needs and scenarios. This strategic
approach not only addresses immediate user requirements but also fosters a deeper connection
and reliance on voice technology, broadening its appeal and integration into daily routines.
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Table 4: Description of the various failures categorized by Baughan et al. (2023)

Failure Type

Failure Source

Failure Scenario

Attention

Perception

Understanding

Response

Missed Trigger

Spurious Trigger

Delayed Trigger

Noisy Channel

Overcapture

Truncation

Transcription

Ambiguity

Misunderstanding

No Understanding

Action Execution: No

Action

Action Execution:
Incorrect Action

Users say something to trigger the
voice assistant, but it fails to respond.
Users do not say something to trigger
the voice assistant, but it activates
anyway.

Similar to system latency, the users
say something to trigger the voice
assistant, but it replies too late to be
useful.

User input is incorrectly captured
due to background noise.

The voice assistant captures more
input than intended by either
beginning to capture input too early
or ending too late, and acting on
external data not relevant to the
users’ request.

System does not fully capture users’
speech, by either beginning to
capture input too late or ending too
early.

System generates a transcription
error, often in the form of similar
sounding words.

There may be several interpretations
of the users’ intent, and the system
responds in a way that is plausibly
accurate but not correct for the users’
intent.

The system maps the users’ input to
an incorrect action, perhaps with
some correct inference on the users’
intent, but not fully accurate.

The system fails to map the user’s
input to any known action or
response.

If the system listens to the full
request, but then turns off before
giving any type of answer or taking
action.

The system gives information that is
incorrect.
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2.2.2 Common failure

Despite significant progress, unforeseen issues can still arise, leading to unexpected failures.
Previous studies have shown that when user expectations exceed the capabilities of voice as-
sistants, it often results in system malfunctions and user frustration (Lahoual & Frejus, 2019)
This lead to how to identify and categorize the failures. In practice usage, failure may caused
by technical issues such as poor connection, poor voice recognition in certain area like car or
household environment, linguistic issues like using homonyms of requests items would affect
machines perception Mahmood et al., 2022). In categorization, Hong et al exploited voice
user interface failure categorization into four main parts: attention (channel), perception (sig-
nal), understanding (intention), and response (conversation) and further Baughan et al. (2023)
contributed a dataset of 199 failures and categorized across 12 failure sources in Table 4 for
formulating code book description of various failures. In this work, we draw on their fault
categorization for existing voice user interfaces to categorize failures during use in user study
and to understand and assess user expectations and impacts of voice user interface.

2.2.3 Future improvement in user experience

There are several characters in researching and developing the voices user interface and The
potential for improvement in user experience.

Naturalness of conversations and Progressively : Wigdor and Wixon (2021) defined natural-
ness as the "'mimicry of the real world’. In VUI design, achieving naturalness means providing
a user experience that closely resembles natural human interaction. Kim et al. (2021) suggested
that to create such an experience, designers must consider various aspects of conversation, in-
cluding the dependency and contextual nature of interactions. They also highlighted a trade-off
between naturalness in transactional versus social agents. At a more granular level, progres-
sivity works as core features in conversations naturalness in conversation analysis, and has
been referred as “moving from some element to a hearably-next-one with nothing interven-
ing”(Schegloff, 2007). Fisher et al. (2019) mentioned that employing progressive principles
in designing a VUI can lead to a more natural human-computer conversation and this strategy
need to draw on how speakers continuously collaborate by leveraging a series of syntactic,
prosodic, and pragmatic features to propel the conversation forward, meanwhile considering
balance methodology, user reaction and potential repair actions. Also, in accordance with
Conversation analysis, developing framework that simulates natural conversation could better
guide designers in creating VUIs that more closely mimic human conversation, focusing on the
sequence of interaction rather than the visual layout (Moore et al., 2023).

Proactive Behavior: Proactivity in interactive systems refers to “the ability to autonomously
initiate anticipatory action based on reasoning, meant to impact people and/or their environ-
ments” (Grosinger, 2022). In VUIs, initiation can arise from contextual cues or direct user input
from prior interactions. Contextual initiation draws upon factors such as time, location, activity
recognition, and system usage (Meurisch et al., 2020). In the context of voice user interface,
drivers often prefer proactivity and specific use cases closely related to driving tasks and reckon
proactive VUI as more intelligent (Schmidt et al., 2019). Subsequent research by Schmidt et al.
(2020) revealed that proactive voice interactions, such as proactive reminders, can effectively
reduce cognitive load while driving. However, individuals may deactivate proactivity in certain
functionalities, such as making appointments or navigating.
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Personality of VUI: Due to the conversational nature of voice user interface, they are more
likely to have agents with distinct personalities (Volkel et al., 2020). Enhancing the personality
of voice interfaces may also generate positive feedback in the dialogue process and task per-
formance. For instance, research indicates that users particularly enjoy interacting with voice
assistant that exhibit human-like traits, which to some extent promotes user engagement and
preference (Poushneh, 2021).

In this regard, a key focus of research is on how to specify appropriate personality constructs for
voice assistants in various scenarios, as well as providing users with context-based VUI. For
example, different voice personalization strategies depending on specific task objectives and
contexts could enhance user experience (Braun et al. 2019). Similarly, some studies suggested
that drivers can perceive the aggressiveness of a voice assistant based on differences in voice
and language, and voice interactions with similar personalities to the vehicle user can result in
higher user ratings and trust in the vehicle’s performance (He & Burns, 2022). however, studies
have shown that beyond use of voice assistants as general conversation agent with personality,
users may concerned with the the primary task should be to complete properly in achieving
specific goals by providing alerts and information. personalized voice assistants related to
driving should consider the safety of the dialogue (Braun et al. 2019).

Furthermore, voice gender may affect people’s interpretation of personality for VUI. Previous
research has shown that while female voices are perceived as more capable and friendly, male
voices are deemed more appropriate in safety-critical environments such as driving (Dong et al.,
2020). Additionally, some studies suggest that as user acceptance of voice products increases,
their preference for different voice genders tends to converge, indicating a diminishing impact
of voice gender on user acceptance (He & Burns, 2022).

Situation-Adaptive methodology Human interlocutors adapt their language style to each other
in interpersonal communication to interact efficiently (Pickering & Garrod, 1995), and fol-
lowing the Spoken Dialog Systems, voice user interface — as alternative of human talking—
are expected to be more sensitive to simulate people talking style and reaction. Within this
framework, Stier et al. (2020) investigated the extent to which situation-adaptive methods im-
pact driving tasks and discovered that the complexity of driving is directly reflected in user
language. When Speech production and preception was combined together usability was im-
proved and cognitive load for drivers was reduced. The influence of the interaction context, as
shaped by the situation, thus plays a crucial role in voice-based interaction and should be care-
fully considered in the design of output. Additionally, The importance of language processing
in VUIs occurring parallel to primary tasks to avoid distractions is emphasized, highlighting a
vital aspect of VUI functionality in multitasking environments (Stier et al., 2020).

2.2.4 Evaluation methods

Numerous studies were focused on enhancing performance in Voice User Interfaces (VUI) and
their interaction experiences. It is imperative that designers and researchers concentrate on
identifying key determinants and constructing theoretical frameworks that elucidate the adop-
tion and utilization scenarios of VUIs. Efforts should be made to develop a comprehensive
set of adaptable design frameworks. Some researchers introduced a design evaluation form
that incorporates a tri-level indicator system, derived directly from natural language processing
and user requirements. This system posits that five modules—Sensory, Resources, Interaction,
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Emotional, and Design—significantly influence user experiences in real driving contexts (Pu et
al., 2023). Furthermore, Wang et al. (2021) advocated for a systematic modeling and analysis
of the entire VUI usage process. They divided the operation into five components: awakening
and turn-off, voice recognition, natural language understanding, voice synthesis, and human-
machine interaction. Based on this segmentation, they proposed the development of evaluative
models and standards tailored to various stages of user interaction. For example, in the human-
machine interaction component, designers should consider the interaction rhythms in different
command settings.

Usability Evaluation: In the HCI field, as evaluation methodologies expand for VUI usabil-
ity, various instruments effectively capture user perceptions during technology interactions and
can significantly indicate user experience outcomes, such as the SUS (System Usability Scale)
and TAM (Technology Acceptance Model). The System Usability Scale (SUS) provides a
straightforward method for subjective usability assessments. This scale comprises ten 5-point
Likert scales, ranging from “strongly disagree” to “strongly agree,” as delineated in Table 5
(Brooke, 1996). Despite SUS was created for evaluate the useability for GUI, Empirical stud-
ies have validated the SUS’s applicability for VUI evaluations (Ghosh et al., 2018) and have led
to the development of a specialized scale tailored to the nuances of voice-based communica-
tion, identified three critical dimensions—Usability, Affective Response, and Recognizability
& Visibility—that are essential for standardizing and modeling user needs in VUI evaluation
tools. (Zwakman et al., 2021).

Table 5: System Usability Scale (SUS) Questionnaire

No. Statement
1 Ithink that I would like to use this system frequently.
2 Ifound the system unnecessarily complex.
3 Ithought the system was easy to use.
4 Ithink that I would need the support of a technical person to use this system.
5  Ifound the various functions in this system were well integrated.
6 I thought there was too much inconsistency in this system.
7 1 would imagine that most people would learn to use this system very quickly.
8 I found the system very cumbersome to use.
9  Ifelt very confident using the system.
10 I needed to learn a lot of things before I could get going with this system.

User Experience Evaluation: With the development of evaluation approaches concerning user
experience assessment, various user experience evaluation methods and tools have been re-
fined to capture the experiential dimensions inherent in interactions with voice interfaces. Mu-
rad et al. (2023) conducted a comprehensive meta-analysis of 336 VUI design considerations
sourced from academic literature. Through thematic analysis, they synthesized these design
considerations into a consolidated set of 14 principles, detailed in Figure 4, providing a struc-
tured framework for researchers focused on design and evaluation. Additionally, Chen et al.
(2023) analyzed consumer reviews of voice assistants and identified four primary user experi-
ence dimensions essential for improving measurement scales: utility experience, intelligence
experience, personalized experience, and emotional experience. These dimensions are crucial
for developing more effective and user-centric voice interfaces.
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Building upon the UEQ (User Experience Questionnaire), Klien et al. (2020) contributed to
three specific scales for response behaviors, response quality and comprehensively for evaluat-
ing speech interaction to measure and explored the generalizability/applicability of this frame-
work. Although the discussion focuses on specific uses or specific traits of VUI, the find-
ings above offer valuable guidance for the development of comprehensive evaluation methods.
These insights can help tailor design and evaluation frameworks to enhance the usability and
user experience of Voice User Interfaces across various applications.

2.3 Summary

The literature review primarily explores two key areas: (1) user experience and product emo-
tion research, and (2) VUI-related user behaviors, functionality optimization, and evaluation
methods. By integrating user experience methods and analyzing emotional responses through
detailed components from appraisal model, this approach allows for a deeper understanding
of user interaction and the emotional changes involved in product use. A crucial aspect of
this process is recognizing how product characteristics evoke emotions, ultimately shaping the
overall user experience. By examining factors such as motive consistency, intrinsic pleasant-
ness, and coping potential, designers can develop more engaging and satisfying products that
align closely with user expectations and desires.

The role of VUIs in everyday technology interactions is expanding, necessitating a focus on
naturalness in conversation, proactive behavior, and adaptive interaction strategies. The de-
velopment and refinement of VUIs require careful consideration of these aspects to enhance
usability and ensure seamless integration into daily tasks. Furthermore, the adoption of robust
frameworks for the evaluation and design of VUIs will be crucial. These frameworks must not
only address technical performance but also consider the broader experiential impacts, includ-
ing emotional and psychological dimensions. By doing so, VUIs can become more than tools;
they can be empathetic interfaces that enhance the quality of interactions in a technologically
driven world.
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This study specifically focuses on the automotive domain, where VUI parameters should adapt
to the complex demands of driving. As automotive interfaces continue to evolve, VUI integra-
tion should prioritize intuitive, user-friendly systems that enhance both safety and functional-
ity. Additionally, insights from designers and researchers play a crucial role in this develop-
ment—not only in ensuring technological efficiency but also in aligning VUIs with user expec-
tations and preferences to foster broader acceptance. For instance, designers are instrumental
in making voice interactions more natural and in balancing task efficiency with engaging user
experiences (Kim, Reza, McGrenere, & Yoon, 2021).

Despite these advancements, there remains a noticeable gap in the literature concerning specific
research and design guidance on the user experience dimensions of VUIs. Building on previous
research, this study seeks to address this gap by exploring the comprehensive user experience.
By examining users’ perceptions, emotions, and interactions with VUI in task completion, this
study deepen our understanding of user experience and provide valuable insights for the design
and development of intelligent assistant technologies. This foundational knowledge sets the
stage for subsequent empirical investigations into the practical application and user acceptance
of VUISs as replacements for physical controls.
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3 User Studies

This chapter outlines the user study steps taken to carry out the project, from designing and
evaluating concepts to conducting the studies, collecting and analyzing data.

Given that our study involves sensitive personal data, we ensured that participation was entirely
voluntary and all responses would be treated with the utmost confidentiality. All participants
provided informed consent and received appropriate compensation. The user research content
was critically reviewed and revised by experts to ensure the professionalism and integrity of
the study.

3.1 Research preparation

Before conducting user experience research, it is necessary to make preparations based on
the content of the research. In this research, we were supposed to apply the qualitative study
(interviews) and quantitative study (like surveys) to collect valid data for analysis, primarily
focusing on a specific scenario where users engage in driving activities and controlling the car
features.

Our exploration of user experience is grounded in the theoretical framework developed by
Desmet and his colleagues, which integrates elements from the Appraisal Model and User-
Centered Theory, collectively referred to as the Product Experience and Impact Design Theory.
Questionnaires baselines designed to assess experience draw upon evaluative theory that cor-
responds to specific “’relationship questions” about stimulus events (Roseman, 2001; Scherer,
2001) and questionnaire questions would be identified by seven key evaluative components con-
cluded by Demir and his colleagues (2009). The definitions and explanations of these compo-
nents have been thoroughly examined in the section literature review. Through this preparation,
we could investigate the different dimensions of user experience including the users’ individ-
ual experience, preferences, encountered issues, and potential improvement suggestions, which
could perform as factors in influencing their attitude and behaviors in using voice user interface
to facilitate in-car features interaction instead of employing physical controls like buttons.

3.1.1 Research objects selection

Prior to discussing control methods and driving activities, an important question arises: Which
car features should be selected, and what standards should guide this selection, particularly
when considering whether these features are already installed? Moreover, the diversity in vehi-
cle types, brands, models, designs, ergonomics, and powertrain variations can result in different
sets of car features and interior layouts. Additionally, variations in terminology and definitions
of car features may lead to inconsistencies in comparisons and differences in user understand-
ing of functionality.

In this context, we could not select participants’ personal vehicles or familiar vehicle models

to examine the layout and usage frequency of car features and control methods. Instead, we
focused on analyzing users’ familiarity with and usage of common features with physical con-
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trols in vehicle interiors, as well as investigating their experience and frequency of using voice
controls during driving activities. Furthermore, the data indicates that new electric car regis-
trations accounted for 22.7% of total new car registrations in Europe, alongside a 4% increase
in Plug-in Electric Vehicle registrations in 2023 (Agency, 2025). Our research would focus
primarily on the application of this study in Battery Electric Vehicles (BEVs) and Plug-in Elec-
tric Vehicles (PEVs). In order to ensure these chosen features reflect the key features widely
found in Europe’s mainstream electric vehicles, ten BEV and PEV car models from different
brands that are sold in the European market and have achieved certain sales volumes have been
selected for research (Alternative Fuels Observatory, 2023). The well-selling electric vehicles
in Sweden are also included. Additionally, with the support of Lynk&Co Sweden, we were
able to conduct research on in-car voice user interfaces, along with insights into their vehicle
models. The brands and models chosen for the survey are as shown in the Table 6:

Table 6: Overview of the best-selling BEV and PHEV models in the European market, includ-
ing their drivetrain specifications and the presence of voice assistants.

Rank Model Powertrain Voice Assistant
1 Tesla Model 3 Electric Yes
2 Volvo XC40 (BEV+PHEV) BEV+PHEV Yes
3 MG4 Electric Yes
4 Skoda Enyaq Electric Yes
5 Audi Q4 e-tron Electric Yes
6 Volvo EX30 Electric Yes
7 BMW i4 Electric Yes
8 Mercedes GLC PHEV PHEV Yes
9 Kia Niro (BEV+PHEV) BEV+PHEV Yes
10 VW ID.3 Electric Yes
11 LYNK&CO 01 PHEV Yes
12 Polestar 2 Electric Yes
13 BYD Atto 3 Electric Yes
14 KIA EV6 Electric Yes
15 Toyota bZ4X Electric Yes

All the models listed in the table are equipped with voice assistants or voice interaction inter-
faces. The majority of these models enable voice control of in-car features through their voice
interaction systems. Some models, such as the Tesla Model 3, are equipped with advanced
voice interaction technologies. However, for many others, the functionality of the voice user
interface is often limited to basic tasks, such as controlling the entertainment system.

Upon surveying the car models, it was observed that the majority of them have physical but-
tons or controls to operate and adjust specific features. Drawing upon the definitions of various
features and their functionalities defined in the SAE International Dictionary of Automation
Engineering (Kershaw, 2023) , alongside Pfleging’s classification of features within the con-
text of non-autonomous vehicles, a total of 16 features were identified and grouped into three
categories for analysis: features directly related to driving, features indirectly related to driving
tasks, and other features. The specific classification, corresponding features, and their defini-
tions are presented in Table 7.
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Table 7: Definition of Features (Kershaw, 2023) and Classification by Driving Task Categories

Feature

Feature Functionality Definition

Related to primary driving tasks:
ACC system control

Cruise Control Switch
Intelligent/automatic parking as-

sist system controls
Gear stick (lever/shift)

Activate or deactivate ACC and maintain de-
sired safe distance.

Activate or deactivate and Set(decrease) and
Resume(increase) work for speed control.
Activate or deactivate automatic parking assist
system.

Manually change gears to control the vehicle’s
speed and torque output.

Related to secondary driving tasks:

Drive mode switch

Electric Parking Brake (EPB)
switch

Side-view (wing) mirror control

Windshield washer and wiper
controls
Exterior Headlights controls

Interior Door Handles
Exterior Door Handles

Switch for controlling different drive modes.
Activate or deactivate Electric Parking Brake.

Adjust vertically and horizontally to optimize
visibility of the rear and side views of the vehi-
cle.

Activate or deactivate Windshield washer and
wiper to clean and adjust the speed of wiper.
Turn on or off and adjust light beam of head-
lights.

Open or close the door from the inside.

Open or close the door from the outside.

Related to tertiary driving task:
Steering wheel Adjustment
Glove compartment Control
Air-recirculation Buttons
Entertainment system

Sunroof Manual controls
Climate control system Opera-
tion

Trunk/Boot Controls

Adjusts the position of the steering wheel.
Open and close car glove-box.

Activate or deactivate air recirculation system.
Manage media, phone, navigation, and car sta-
tus.

Open and close panoramic sunroof.

Activate or deactivate climate control system
and adjust desired temperature.

Open and close truck.
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3.1.2 Planning user research

This section elaborates in detail on the specific design on content of the survey and interview
questions that are crafted based on the theories discussed previously, which aims to capture a
snapshot of the current user experience, users’ expectations and the potential improvements of
in-vehicle voice interaction technology.

3.1.2.1 Questionnaire questions design

The questionnaire is primarily designed for a comprehensive assessment that includes collect-
ing demographic data, evaluating familiarity/usage of VUI and physical controls, and satis-
faction with in-vehicle voice interaction systems, and quantifying expectations for replacing
physical controls with voice interaction. Several components were structured, including:

Survey on Voice Assistant Usage
in Cars

General Information

Figure 5: User study questionnaire

* Demographic Information: This part gathers basic details such as age, gender, partici-
pants’ driving behaviors (such as driving experience and frequency) and basic knowledge
on voice user interface. which serve to understand the basic user profiles.

» Usage Frequency and Proficiency of both control methods: This part of the survey
evaluates how frequently participants use the two control methods while driving and
examines their understanding and proficiency in operating these features.

» User experience and Satisfaction with Voice Interfaces: A series of questions was
designed to evaluate user experiences regarding the voice user interface’s effectiveness
in completing intended tasks, user preferences, and concomitant emotional changes. Ex-
ample questions include: “Do you think the voice user interface helped you complete the
intended tasks?”, “Do you enjoy using the voice assistant?”, and “Did the functionali-
ties meet your expectations?” According to the research objective, we selected five key
components from the adjusted appraisal model.

Likert scale, which was devised and tailored, had been applied in collecting behavioral and user
experience questions responses data for measuring. Furthermore, an increasing number of bat-
tery electric vehicles (BEVs) are reducing physical controls and integrating functionalities into
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touchscreens. It is essential to understand whether this emerging trend influences participants’
expectations regarding alternative control interfaces, such as voice interaction interface. We
propose the following question: What are users’ attitudes toward replacing physical controls
with in-car voice interfaces, and are they willing to use voice interfaces instead of physical
buttons for controlling in-car functions?

3.1.2.2 Interview questions design

The formulation of the interview questions targeted several critical dimensions:

* Motivation and contextual Usage: These questions probe the user circumstances and
reasons behind using the voice user interface during driving, such as, “What tasks do you
typically accomplish using the voice assistant while driving? and What motivates these
choices?”

» Users experience: This section of the interview questions investigate user experience,
VUI performance and problems, and some instances of satisfied or unsatisfied usage.
For instance, participants might be asked: ‘“Which aspects of the voice user interface met
your expectations, and which fell short?’

* Substitutability and Future Expectations: The discussion focused on the feasibility of
replacing physical controls with voice user interfaces during driving and users’ aspira-
tions for advancements in voice interaction. Key questions included: ‘Which physical
controls, if any, do you think could be fully replaced by a voice assistant?” and ‘What
improvements or new features would you like to see in future in-car voice user interface?’

3.2 Quantitative study

3.2.1 Data collection via questionnaire

The questionnaire was developed using Microsoft Forms and offered in two language versions:
English and Chinese. Both versions were professionally reviewed and refined by researchers
and two experts to ensure consistency in wording and translation accuracy.

The questionnaire was distributed using both online and onsite recruitment methods. The Chi-
nese version was distributed via social media platforms, such as WeChat, and Chinese survey
platforms like Wenjuanxing. The English version was shared through channels like Facebook
and data collection services such as Prolific. Invalid responses were eliminated, Chinese results
were translated into english, the remaining data were consolidated to facilitate a streamlined
and comprehensive analysis.

22



3 USER STUDIES

3.2.2 Hypothesis development

In the quantitative study and analysis, it is crucial to identify the independent variables that
prominently influence people’s preferences for control features. Based on these independent
variables, hypotheses for statistical analysis will be defined. Specifically, to understand the
factors influencing users’ preferences for control features and their acceptance of the potential
substitution of physical controls with voice interaction, the following hypothesis is proposed to
explore the relationship between the independent variables listed in Table 8 and the dependent
variable: Users’ attitudes toward relying exclusively on VUI for controlling in-car features,
without utilizing physical controls.

Null Hypothesis (Hy): These factors defined in the Table 8 (e.g., understanding of phys-
ical controls, preference for in-car VUI) have no significant effect on whether users prefer
to only set up voice user interface to control features.

Alternative Hypothesis (H;): Some Independent variable (as showed in Table 8) has a
significant effect on whether users prefer to only set up voice user interface to control
features.

Table 8: Explanation of Each Item Related to In-Car Functions and Voice Assistant Usage

Item Explanation

Understanding of in-
car features

This refers to the degree of users’ familiarity and under-
standing of in-car features, as previously defined. It reflects
how well users have mastered these features and whether
they are familiar with operating through different control
methods.

In-car Feature Usage
Frequency

Future expectation on
Voice controls

User Experience with
Current VUI Use

Awareness of Features
Controllable via Voice
interaction

Preference for control
methods

This refers to how often users employ features during daily
driving activities. A high frequency of use might indicate a
higher dependency on a particular function.

This item refers to the degree of users’ expectation for using
the in-car voice interaction to perform operations.

This refers to the assessment of user experience when utiliz-
ing voice user interfaces (VUI) to perform feature operation
tasks.

This refers to users’ knowledge of in-car features that can
be operated through voice interaction, including their un-
derstanding of available functionalities and tasks supported
by voice control.

This item refers to users’ preferences for control methods
when manipulating features. It reflects their inclinations
and favored approaches to interacting with in-car features.
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3.2.3 Statistical analysis

In the first stage of analysis, Principal Component Analysis (PCA) was employed to reduce the
dimensionality and extract key information from the five metrics derived from assessments of
in-vehicle Voice User Interface (VUI) experiences. Prior to the PCA, essential pre-processing
steps were taken to ensure that all variables contributed equally to the analysis. The suitability
of the data for PCA was evaluated initially by examining the correlations among variables,
followed by the Kaiser-Meyer-Olkin (KMO) measure and Bartlett’s Test of Sphericity to assess
the appropriateness of the sample data. Once the data was deemed suitable, the covariance
matrix was computed, from which eigenvalues and corresponding eigenvectors were extracted.
These eigenvalues and eigenvectors form the core of PCA, assisting in the identification of
principal components that account for the maximum variance. Principal components were
selected based on a cumulative contribution rate threshold of 85% or more (Jolliffe, 2002),
with retained components considered key indicators of user assessments of VUI experiences,
feeding into subsequent analyses.

In the second phase, firstly the Scores for preference, understanding, and awareness of features
within each driving task category were treated as homogeneous and suitable for averaging. This
step simplified the data structure by consolidating data within the same group, thereby facili-
tating subsequent computations and reducing random data fluctuations to enhance the stability
and efficacy of statistical analyses. Afterwards, Multivariate Linear Regression (MLR) was
applied to analyze the impact of predetermined factors on user preferences for VUI controlling
features across three types of driving tasks: primary driving tasks (PDT), secondary driving
tasks (SDT), and tertiary driving tasks (TDT). The analysis incorporated fixed effects such as
user perception of features, preferences for control (physical buttons or voice assistants), as
well as user experience of the different interface (emotions like pleasure, safety, convenience).
Models were independently established for each category of driving task to evaluate how these
factors influenced user choices both individually and collectively. The covariance structure
of residuals was modeled as a first-order autoregressive matrix with homoscedastic variances
to address temporal correlation and potential autocorrelation in measurements. Additionally,
each model included random intercepts and slopes for individuals across different contexts,
employing a scaled identity matrix for the covariance structure.

All these process was conducted in the SPSS 29.0.2.0. Through this comprehensive analysis,
regression analysis not only revealed the specific impacts of different user interface features on
driving task performance but also addressed dependencies from repeated measures and imbal-
ances due to missing data.

3.2.4 Statistical model

3.2.4.1 Principle component analysis

Principal Component Analysis could be acted as a simple, non-parametric method for extract-
ing relevant information from confusing data sets (Shlens, 2014). This statistical technique
perform a linear transformation to reduce the dimensionality of dateset. This process involves
calculating the covariance matrix X of the data, then extracting its eigenvectors and eigenvalues.
The eigenvectors define new orthogonal axes for the data, while the magnitude of the eigen-
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values indicates the importance of each principal component. By retaining the eigenvectors
associated with the largest eigenvalues, PCA captures the major variations within the data, thus
achieving dimensionality reduction. The transformation projects the data onto a new subspace
defined by the principal components, which are the directions of maximum variance in the data.
In this case, different dimensionality of user experience data has been reduced into one main
dataset to represent.

3.2.4.2 Multiple linear regression analysis

Regression analysis is performed to determine the correlations between different variables hav-
ing cause-effect relations, and to make predictions for the topic by using the relations(Uyanik
& Giiler, 2013). In the explanatory case, regression models could be functioned to study how
the customers make decisions or form impressions and attitude. Multiple Linear Regression
(MLR) is a statistical method used to model the relationship between a dependent (criterion)
variable and valuable multiple independent (predictor) variables which be weighted by regres-
sion analysis procedure to ensure maximal prediction (Black & Babin, 2019). The MLR model
is represented by the following equation:

Y =Bo+PiXi+BoXo++BiXp+ €

where:

Y: Dependent variable

X1,X2,...,X;: Independent variables

Bo, B1, B2, - - -, Bx: Coefficients of the independent variables

€: Error term, accounting for deviations from the model

The goal of multiple linear regression is to estimate Y based on the independent variables
X1,X2,...,X; and determine the impact of each variable. The method typically employs the
least squares approach to minimize the sum of squared residuals, ensuring the best possible fit
of the model. In this study, regression analysis was applied to determine whether the identified
independent variables significantly influence individuals’ behaviors and attitudes.

3.2.5 Quantitative study results

A total of 408 questionnaires were collected, of which 398 were completed, and 395 had all
sections fully filled out. Incomplete questionnaires were excluded from the analysis, resulting
in a final dataset of 390 valid responses. To ensure the accuracy and reliability of subsequent
analyses, all invalid questionnaires were removed, and the data from the retained sample were
used for further examination.

Among the valid sample data, there were a total of 174 female respondents, accounting for
44.6%, and 207 male respondents, making up 53.1% of the sample. A total of 237 respondents
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were from China, 78 from Sweden, and 60 from the Netherlands and other European countries.
The average driving experience among the respondents was 5.9 years, with 43.1% of them
using or driving a car at least once a week. Regarding familiarity with or usage of voice
interaction system in daily life, more than 345 respondents indicated they were familiar with
such technology, suggesting that the majority of respondents were either aware of or had hands-
on experience. Furthermore, 60.8% of participants had used car voice interaction system (Voice
assistant) at least once.

3.2.5.1 User experience on in-car VUI

Participants were asked to evaluate their experience with Voice User Interfaces (particular in-
car voice user interface which include both vehicle-integrated systems and other devices in-
stalled for in-car use). The majority of respondents indicated that they had previously or cur-
rently used VUIs to complete tasks within the vehicle. Specifically, 129 respondents reported
that they needed to use a voice assistant at least once a week to assist them in completing tasks.

Across the five dimensions of user experience evaluation, the average score was M = 2.78,
indicating a moderate level of satisfaction or agreement with the VUI experience. When re-
spondents were asked whether the VUI was pleasant/enjoyable to use, 23.1% indicated that
they found the VUI to provide a pleasant experience, while 31.5% expressed disappointment
with the VUI’s performance during use. This suggests that respondents have reservations about
the maturity of current VUIs, potentially due to negative experiences during use that prevent
them from fully endorsing the VUI as capable of controlling the features correctly. 30.8%
of respondents stated that the VUI either completely or largely failed to meet their expecta-
tions, while only 20.7% indicated that the VUI met their anticipated standards for functionality.
25.4% of respondents felt that the existing features adequately met their needs, whereas 117
users expressed disappointment that the VUI failed to align with their standards. Regarding the
experience of using the VUI to complete tasks, 52.5% of respondents believed that the VUI per-
formed well in executing their commands, but the remaining respondents expressed concerns
about the VUT’s ability to execute more complex functions effectively. 54.6% of respondents
reported that they were clear or fairly knowledgeable about the operations and outcomes when
using the VUI system, while 10.8% indicated a lack of certainty regarding the results of their
interactions with the VUL

Principal Component Analysis (PCA) was conducted to identify positive correlations among
the user experience dimension variables. Data reliability was tested using Cronbach’s alpha,
yielding a value of 0.904, indicating excellent internal consistency. To assess the suitability of
the data for PCA, the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was calcu-
lated, resulting in a value of 0.862, which is considered excellent and suggests that the data
is highly suitable for factor analysis (Kaiser, 1974). Additionally, Bartlett’s test of sphericity
was conducted to determine whether the correlation matrix is an identity matrix, which would
suggest that the factor model is inappropriate. The results were significant at a level less than
0.001, confirming that the correlations among (Tabachnick, Fidell, & Ullman, 2013). In Ta-
ble 9 Commonalities showed an average value of 0.724, indicating that each variable shared
a substantial amount of variance with other measured variables. All items in the scale had a
communality of 0.65 or higher.

If two or more variables exhibit a high positive correlation, this may suggest that they mea-
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Table 9: Commonalities for User experience Components in PCA

Appraisal Component  Question Extraction
Motive consistency Does this help me in attaining your goals and motives? 0.658
Intrinsic pleasantness Is this pleasant or enjoyable? 0.788
Expectation confirmation Does this confirm your expectations? 0.705
Standards conformance = Does this match with your social norms and standards? 0.777
Certainty How certain are you about this voice user interface? 0.691

Extraction Method: Principal Component Analysis.

sure similar or identical underlying constructs, which could be considered for consolidation
into a single indicator. Based on the correlation matrix, the variable “Is this pleasant or enjoy-
able?” showed a strong positive correlation with all other variables, with Pearson correlation
coefficients ranging from 0.661 to 0.733. These correlations were significant at the 0.01 level
(p < 0.01), indicating a less than 1% probability that these correlations were due to random
variation. Showed in Table 10, The analysis revealed that the first principal component ex-
plained 72.382% of the total variance, with an eigenvalue of 3.619, a substantial proportion.
The component matrix showed high loadings for all variables on this principal component (all
above 0.8), indicating strong positive correlations among the variables. This suggests that these
variables may be measuring similar constructs.

Table 10: Variance Explained by Principal Components (PCA Results)

Component Initial Eigenvalues Extraction Sums of Squared Loadings

Total % of Variance Cumulative % Total % of Variance Cumulative %

1 3.619 72.382 72.382 3.619 72.382 72.382
2 0.542 10.838 83.220
3 0.346 6.924 90.144
4 0.274 5.484 95.628
5 0.219 4.372 100.000

The analysis suggests that overall enjoyment is a central aspect of the user experience and could
potentially serve as a representative measure of the emotions and attitudes users hold toward
the VUI across various dimensions of user experience. Although the item Is this pleasant
or enjoyable?” showed strong correlations with other variables, none of the correlations were
perfect (i.e., none reached 1.0).

3.2.5.2 Factors on user preference in primary driving tasks features

Regarding primary driving tasks, respondents demonstrated varying levels of familiarity and
usage frequency with different functions. Among the driving control functions, over 86.1%
of respondents reported understanding the operational logic and usage steps of major driving-
related functions and how to activate or deactivate these functions using physical controls.
Specifically, 96.9% of respondents were familiar with the working principles of gear shift pad-
dles and used them after becoming acquainted with the different gear positions. Additionally,
47.7% and 55.4% of respondents were familiar with how to control automatic parking and
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cruise control via physical buttons, with 20.8% and 22.3% of respondents reporting that they
frequently used these features. However, for Adaptive Cruise Control (ACC), 33.8% of respon-
dents stated that they were familiar with the functionality, but only 14.6% reported having used
or had relevant experience with it.

When asked whether they were aware of using a Voice User Interface (VUI) to control these
functions, only 7.7% of respondents indicated being highly knowledgeable about automatic
parking via VUI, respectively. Due to current technological limitations and safety requirements,
neither ACC nor gear shift can be controlled by voice commands, and no such cases have been
documented.

For ACC and gear shift paddles, 10.5% and 5.4% of respondents indicated moderate support for
using voice control alongside physical buttons. Additionally, 51.5% of respondents indicated
no objection to using a hybrid control scheme for automatic parking. For the cruise control
function, 26.2% of respondents expressed support for voice control but insisted on retaining
the physical button controls.

A regression analysis was conducted on the data that were filtered accordingly. We set users’
behavior, familiarity with features (including their physical controls) and voice interfaces, User
experience on both control way, preferences, and expectations as independent variables, and the
respondents’ tendency to control driving functions using only the VUI as the dependent vari-
able in a multiple linear regression analysis. To check for multicollinearity among the variables,
independent variables condition indexes and Variance Inflation Factors (VIF) were examined.
The results, through Pearson Correlation Coefficient analysis, showed that no correlation co-
efficient exceeded 0.80, indicating no multicollinearity between variables. A VIF value equal
to or greater than 10 would suggest multicollinearity (James, Witten, Hastie, Tibshirani, et al.,
2013). As seen in Table 11b, all VIF values were below 10, leading to the conclusion that
multicollinearity was not present. The independent variables could be considered there are no
multiple relations between variables if their Cls are no bigger than 30 (Uyanik, 2013). The
results, showed in Table 11a, indicated that there are no multiple relations between variables.

The model test results showed that the model was statistically significant, indicating that the
specified factors significantly influenced respondents’ choices [ F(21, 369) =17.491, p <0.001,
R? = 0.460, Adjusted R* = 0.434, Durbin-Watson = 1.867]. The multiple linear regression anal-
ysis confirmed that the interaction between user behavior, knowledge of features/voice interac-
tion, user preferences, and expectations, and the final choice of control method was statistically
significant (p < 0.05). However, it is important to note that the independent variable User Ex-
perience was not statistically significant, indicating that it has a limited impact on people’s
choices.
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The model’s goodness of fit, including the R and adjusted R* values, standardized regression
coefficients (Beta), and significance levels for each variable, is presented in Table 11b . Results
also illustrated the regression coefficients and statistical significance results for each factor,
where the degree of user preference for using VUI is the dependent variable.

Based on the regression analysis, the following regression equation was derived:

Y =0.484-0.222-X; +0.269- X, +0.351 - X3+ 0.301 - X4 + 0.076 - X5 — 0.026 - X;

Where:

1. Y: Dependent variable
2. X;: Feature Understanding

X>: Feature Usage

X3: Awareness of Features Controllable via Voice interaction
: Preference for control methods

X5: Future Expectation on Voice controls

N s w
Iy

Xs: User Experience on VUI

The absolute values of the standardized regression coefficients (Beta) indicate the relative im-
portance of each independent variable. According to the results, users’ awareness of VUI-
related features had the greatest impact on the dependent variable (Primary Driving Task re-
lated Features) (Beta = 0.287), followed by the frequency of feature usage (Beta = 0.240) and
user preferences (Beta = 0.167). Awareness of the feature (Beta = -0.197) showed a negative

correlation, suggesting that higher awareness scores may decrease the likelihood of choosing
to use the VUL

3.2.5.3 Secondary and other driving tasks related features factors

Regarding the features related to secondary driving tasks, respondents were generally familiar
with the usage of each function and its corresponding physical control buttons (mean = 3.901).
However, familiarity with the Driving Mode switch function and the Electronic Parking Brake
(EPB) function did not exceed 85%, with percentages of 66.9% and 63.8%, respectively. Sim-
ilarly, for the functions associated with other driving tasks, 90% of respondents reported famil-
iarity with the Climate System Control due to its frequent use in daily life.

In terms of usage frequency, respondents indicated that the door handle and exterior light con-
troller were more frequently used among secondary driving task functions, while the Climate
System Control and Entertainment System for other driving tasks had higher usage rates, at
75.4% and 76.9%, respectively. When asked about their familiarity with using the Voice User
Interface (VUI) to control secondary driving activities, the percentages of users who indicated
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being fairly knowledgeable or above were 23.1% for mirror adjustment, 18.5% for steering
wheel adjustment, 33.8% for wiper control, 33.1% for headlight control, and 24.6% for door
control. For other driving tasks, only the Entertainment System Control and Climate System
Control showed a relatively high level of familiarity, at 51.5% and 41.5%, respectively.

For secondary driving functions, users showed a stronger preference for hybrid control schemes
(mean = 3.389), particularly for windshield wiper and automatic cleaning, exterior light control,
and side mirror control, with 56.2%, 63.6%, and 54.6% of respondents, respectively, indicating
fairly supportive or higher levels of preference. In contrast, for door switch control, 36.3% and
35.4% of respondents expressed disagreement or strong disagreement. A similar pattern was
observed for other driving task functions, where users preferred a hybrid control approach when
using VUI (mean = 3.6253), with 65.4%, 70%, 66.9%, and 63.1% of respondents accepting
VUI for circulation system, media control, climate system control, and sunroof control, while
retaining physical controls.

A multiple linear regression analysis was conducted for both secondary and tertiary driving
task related features, with user behavior, familiarity with the functions/voice interface, user
experience, and user preferences set as independent variables, and respondents’ inclination to
use only the voice user interface (VUI) for driving function control as the dependent variable.
In both models, the correlation coefficients between independent variables were all less than
0.80, and the variance inflation factors (VIF) were below 10, indicating no multicollinearity
among the variables.

The model testing results provide statistically significant evidence that, for the secondary driv-
ing task function model, the predetermined factors significantly influenced respondents’ choices
[F(21,369) = 15.265, p < 0.001, R? = 0.418, Adjusted R? = 0.389, Durbin-Watson = 1.678],
suggesting that these factors can explain a significant portion of the variance in the dependent
variable. The findings,showed in Figure12b indicate that user expectations for VUI (8 = 0.286,
p =0.001), familiarity with voice-controlled functions (8 = 0.276, p = 0.001), and preferences
for control schemes (f = 0.227, p = 0.010) have a significant positive impact on the choice
to use VUI exclusively for function control. These results suggest that the higher the user’s
expectations for voice assistant control functions and the greater their familiarity with voice
interfaces and functions (physical controls), the stronger their preference for using voice con-
trol functions. The level of functional understanding (8 = -0.164, p = 0.084), although not
significant at the traditional level (p < 0.05), approaches significance, indicating that the degree
of functional understanding may negatively influence choice preferences.
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In the tertiary driving task function model, statistically significant evidence also supports the
hypothesis [F (21, 369) = 17.491, p <0.001, R? =0.460, Adjusted R? = 0.434, Durbin-Watson
= 1.867). Similar to the findings for secondary driving task functions, user expectations for
VUI (B =0.286, p = 0.001), familiarity with voice-controlled functions (8 = 0.276, p = 0.001),
and preferences for control schemes (B = 0.227, p = 0.010) exhibited a significant positive
impact. The model fit indices in the regression analyses (e.g., R? and Adjusted R?), standardized
regression coefficients (Beta), and significance levels of the independent variables are presented
in Table 6. Table 7 illustrates the regression coefficients and statistical significance results
for each factor as an independent variable against the degree of user preference for VUI as a
dependent variable.

Based on the regression analysis, the following regression equations for Secondary and tertiary
driving task related features were derived:

SDT related Features: TDT Related Features:
Yspr =1.022-0.218-X; sp7+0.132-Xo spr YpT = 0.669 -0.079 - X| DT +0.058 - X0 TDT
+0.281 'XS,SDT +0.241 'X47SDT +0.242 'X3,TDT +0.264 'X4,TDT
+0.126 'XS,SDT -0.091 'X6,SDT +0.154 'XS,TDT -0.017 'X6,TDT

Where:

* Yspr: Dependent variable for SDT Model

Ytpr: Dependent variable for TDT Model

* X1 spr/ror: Feature Understanding (SDT/TDT)

* X, spr/roT: Feature Usage (SDT/TDT)

* X3 spr/rpT: Awareness of Features Controllable via Voice interaction (SDT/TDT)
* X4 sp1/rp1: Preference for control methods (SDT/TDT)

* X5 spr/rpr: Future Expectation on Voice controls (SDT/TDT)

* Xo,sp1/rpT: User Experience on VUI (SDT/TDT)

In both multiple linear regression models, the regression coefficients for the variable related
to user experience did not reach statistical significance. In the first model, the standardized
regression coefficient for user experience was -0.085 (p = 0.169); in the second model, it was
-0.017 (p = 0.823). This indicates that, at this stage, the User experience with in-car VUI is
not considered a significant factor influencing people decision-making on selecting VUI as the
only way to control the features .

3.2.6 Conclusion

The quantitative study reveals that while users acknowledge the potential of Voice User In-
terfaces (VUIs) to simplify operations and enhance driving safety, several critical gaps limit
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their adoption. Familiarity with and understanding of both physical controls and VUI sys-
tems significantly shape user preferences. For primary driving tasks, physical buttons remain
the preferred control method due to their reliability and user trust. However, users expressed
moderate openness to VUI integration for secondary and tertiary tasks, provided these systems
improve recognition accuracy and contextual adaptability.

3.3 Qualitative study

Before conducting the formal interviews,the interview questions and procedures were reviewed
with user experience experts, and a pilot study was conducted to assess the feasibility of the
process and identify potential issues. For the formal interviews, twelve participants from di-
verse backgrounds were recruited. They had varying levels of driving experience and differing
degrees of familiarity with and usage of in-car voice interaction interfaces.

The interviews were conducted both onsite and online, with online sessions facilitated via
Zoom, and all sessions were audio-recorded. During the interviews, questions could be ad-
justed based on the participants’ knowledge and experience, or supplemented by follow-up
inquiries where appropriate. At the end of the interviews, the recording ceased and participants
had the opportunity to ask questions and share their comments on this project. The duration of
the interviews, excluding preliminary and concluding conversations, ranged from 30 to 50 min-
utes. The average duration of the interviews was 43.8 minutes. After the interviews concluded,
the audio recordings were transcribed into text using professional transcription software.

3.3.1 Demographic

In this qualitative study, 16 participants were recruited, including 9 males (56.25%) and 7 fe-
males (43.75%), with an age range of 18 to 53 years (Age Mean = 32.13, Age SD = 9.94).
Specific participant details are provided in Table 13. Although the sample size is relatively

Table 13: Detailed information of the individuals interviewed

Participants Gender Age Driving years | Participants Gender Age Driving years

1 Female 20 1 9 Male 45 3
2 Female 24 3 10 Male 19 1
3 Male 25 6 11 Male 53 20
4 Male 28 5 12 Female 37 7
5 Male 34 10 13 Male 29 4
6 Female 21 1 14 Female 24 2
7 Female 32 2 15 Male 35 16
8 Female 46 20 16 Male 42 20

small, it falls within the recommended range and is sufficient to obtain in-depth insights into
the research questions (Saunders, Townsend, et al., 2018). To ensure diversity within the sam-
ple, participants were drawn from a variety of occupational backgrounds, including students,
corporate employees, and freelancers. The majority of participants (75%) had received higher
education (i.e., bachelor’s degree or above), and 87.5% reported having used products with
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voice-interactive interfaces (such as Siri). Among those who had experience with voice user
interface products, 71.4% of participants had used voice to control features within a vehicle
(such as Navigation).

3.3.2 Processing

The audio recordings and verbatim transcriptions of the interviews were conducted by the au-
thor, with all data undergoing de-identification to protect participants’ privacy. Subsequently,
the author utilized Atlas.ti software (version 29.0) to analyze the transcriptions using a hybrid
approach combining inductive and deductive thematic analysis methods (V. Braun & Clarke,
2006). This approach provides a practical and effective procedure for identifying, analyzing,
and reporting themes (or patterns) within qualitative data (Attride-Stirling, 2001; V. Braun &
Clarke, 2006).

In thematic analysis, themes can be identified using inductive, deductive, or a combination
of both methods. Inductive analysis focuses on extracting themes directly from the raw data,
while deductive analysis is based on theoretical or analytical frameworks, where coding ele-
ments often originate from pre-existing conceptual frameworks. The combination of induc-
tive and deductive approaches enhances the rigor and comprehensiveness of contextual anal-
ysis.Therefore, we applied hybrid inductive-deductive analysis method to conduct two phases
of coding and analysis on the factors influencing user interactions with VUIs (voice user inter-
faces) and driving features control, ensuring that all relevant content was captured and consid-
ered during the analysis process. In the first phase, a preliminary reading of the transcribed text
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Figure 6: The workflow of thematic analysis

was performed, and the data was segmented based on the participants’ opinions and narratives.
Initial codes (sub-nodes) were derived inductively from the raw data, with corresponding labels
created for each data fragment, forming an initial coding set. In the second phase, relationships
between codes were further identified, and the data was organized according to the attribute
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classification methods outlined in the literature. Key core codes were extracted to form a core
coding set. At this stage, codes that did not form coherent patterns were removed from the
initial coding set. Figure 6 illustrates the workflow of the process. Themes (parent nodes) were
then established based on the refined codes, and the candidate themes were evaluated to de-
termine whether they ‘adequately capture the contours of the coded data (V. Braun & Clarke,
2006).

Additionally, an external researcher independently reviewed the codes and themes at this stage
to ensure their validity and consistency.

3.3.3 Results

This section outlines the qualitative analysis results which revealed key themes and insights
into user experiences and preferences. These findings were derived from semi-structured inter-
views and observational data, focusing on user interactions with the system and their subjective
feedback.

3.3.3.1 Perception of VUI user experience

In this case, the user’s expectation standard was defined as the benchmark or reference point
set by users based on the product or service’s performance during its usage. Among the partic-
ipants, most of them stated that the current voice interaction interfaces and systems basically
meet users’ needs and influence their preference for using it .

A majority of participants expressed a preference for using voice commands to manage sec-
ondary and tertiary driving functions, particularly for information systems (93.75%), climate
control (37.5%), and navigation (31.25%). For example, one user mentioned:

“I definitely prefer using voice commands for things like navigation or air condi-
tioning. Over time, ['ve gotten so used to voice control—it’s second nature now. 1
just say the destination, and it finds the place for me, which is especially helpful
when I’'m in a rush to find a parking spot near where I'm going.”

Participants highlighted several positive aspects of using voice interaction systems, emphasiz-
ing their ability to reduce cognitive load and psychological pressure in various ways. First,
Using voice to control could minimize the number of steps required, thereby decreasing the
attention needed for operation. One participant explained, “When playing a saved song, I just
said, ‘Hey, I want to play my saved songs’, and it responded right away”, while another shared
“It helps me park... sure, I still have to double-check the spot myself... but I don’t have to stress
about messing up the parking.” Secondly, it reduces interference with feature control, espe-
cially when the user’s hands were occupied. For instance, a user noted, “While driving, I just
say the destination to set the navigation.” This functionality prevents secondary driving tasks
from disrupting the driving, alleviating cognitive pressure. Additionally, Participants noted that
utilizing voice interaction can streamline the learning process, enabling users to become famil-
iar with its functionality more quickly and efficiently. As one user remarked, “When borrowing
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your friend’s car, it’s impossible to know all the buttons and layout, but if it has voice control,
you can jump right in and start using it by just talking through voice user interface.”

However, negative experiences during use could significantly diminish the perceived comfort of
voice user interface and negatively impact users’ perceptions on the system’s reliability. Current
technological limitations may erode users’ confidence in using and trusting these technologies.
Some participants expressed,

“If the accuracy of task execution decreases, I feel like this technology isn’t very
good... it gives me the impression that it’s clumsy and childish.”

Participants frequently reported challenges with voice interaction systems including failure to
trigger dialogues, low recognition efficiency and Unrecognized, slow recognition speed, mis-
understanding, and ambiguity during everyday use. For example, one user mentioned, “I often
have to call out the wake word multiple times before it responds, or it takes several attempts
to understand what I need.” Similarly, when performing specific tasks, users noted issues with
command comprehension, as one participant explained, “It doesn’t fully grasp the content of my
commands. For example, when I try to use the ‘play music’ command, it doesn’t understand my
actual intent.” The system also struggles to recognize synonymous or similar commands, such
as identifying “dark mode” but failing to interpret “night mode” when a user says, “Quickly
turn the screen to dark for nighttime.”

External environmental noise further impacts the performance of voice user interfaces (VUIs),
leading to inconsistent results. As one user pointed out, “When environment inside the car is
noisy, or there are many people talking, it can’t recognize my commands.” Additionally, partic-
ipants highlighted the limited structure of voice commands, which restricts users to completing
one task at a time. A participant observed, “... You have to say one function at a time... there’s
no way to cover all tasks in one sentence; it can’t handle complex recognition.” Moreover,
The lack of contextual awareness also detracts from the system’s usability, making interac-
tions feel mechanical and overly scripted. This limitation prevents continuous conversation or
multi-step operations, resulting in what participants described as a “non-human-like” experi-
ence. For instance, a participant reported, “After giving several commands, it just freezes and
doesn’t respond at all, which feels unnatural. Such frustrations force users to repeat commands
frequently, leaving them “very frustrated and reluctant to use it.”

These negative experiences undermine users’ confidence in the reliability of voice interaction
systems. Some participants described the interface as

“A fun gadget, but not a practical interactive way.”

In interviews, five participants noted that frequent malfunctions would likely lead them to aban-
don using voice commands for controlling functions altogether.

3.3.3.2 Factors influencing choices

Many factors have impact on the people choice on utilizing different controls way. For in-
stance, the user behavior preference influence their decision-making when choosing the control

37



3 USER STUDIES

medium.

Reasons for choosing physical controls: Compared to the Voice user interface, The ‘tangible
and visible’ nature of physical controls is a key reason users often prefer them over voice
control. Unlike the intangible nature of voice interfaces, physical buttons provide a sense of
reliability and enhance user trust. For instance, one respondent mentioned,

“Buttons and layout are quite consistent and reliable compared to software up-
dates... I still prefer pressing the function button myself because I can see it, and
it’s faster.”

Participants highlighted that long-established usage habits are difficult to break, and adopting
new interaction methods or designs can be challenging. One interviewee explained: “I’m used
to driving old cars that have many physical buttons, so I'm accustomed to using them... I find it
hard to switch to voice control directly.” These habits, formed through years of repetition, create
resistance to change. When updates or modifications deviate from established patterns, users
may feel discomfort or confusion, with some expressing that it is “impossible to reverse long-
standing habits overnight.” Additionally, Users with conservative attitudes toward technology
and prioritizing execution efficiency tend to prefer familiar and stable control methods. As one
participant stated, they would rather “maintain the status quo.”

However, current design trends toward integrating in-car control systems into single control
units, such as touchscreens, are disrupting long-standing habits. One participant commented: “My
car is already quite integrated... so there are few things I can physically control. I either use the
screen or voice.” This forced adaptation is accelerating behavioral changes, compelling users
to adjust to newer systems despite their initial preferences.

Choosing voice control: preferences for simplified and streamlined operations significantly
influenced the choice of voice interaction. In specific contexts, such as tasks requiring longer
response times, many participants preferred voice commands for their ease and speed. Two key
factors significantly influence users’ decisions when selecting voice user interface: Knowledge
of features and their control methods and Confidence in their operational abilities.

Differences in users’ familiarity with features and their control methods play a critical role in
shaping preferences for voice interaction. Some users struggle with the position and procedure
of buttons and physical controls, making such operations challenging. As one participant noted,
”Sometimes, I don’t know which button controls what function, and I don’t want to divert my
attention while driving to find the right button.” For these users, voice control offers a more
natural and intuitive alternative, as it aligns with cognitive patterns and removes the need to
navigate complex button layouts or operational logic. By allowing users to express their intent
using simple natural language to eliminate the burden of learning and memorizing intricate
control processes. This perception drives a preference for VUI as a means to simplify and
streamline vehicle operations.

Second, Lack of confidence in one’s control ability significantly influences the preference for

voice control. Many users expressed concerns about being distracted by complicated interfaces,
potentially posing safety risks while driving. One user noted,

“As a driver who is not very skilled, I get nervous and need to focus intensely on
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the road and the car... I don’t have the mental bandwidth to talk to people around
me or perform other tasks.”

For such users, voice control reduces the dependency on physical interfaces, helping to avoid
distractions and the insecurity associated with frequent manual operations. By handling routine
tasks through voice commands, these systems enable drivers to focus on core activities like
driving, ultimately boosting their confidence, sense of control, and overall driving experience.

Beyond explicit factors influencing users’ preference for voice control, several implicit fac-
tors also contribute to their inclination toward using voice functionality. These include: 1)
Infrequent usage and Low automation of features, 2) Reducing physical controls enhances the
aesthetic appeal of interior design, and 3) The ergonomic optimization of the interior layout.

Farticipant 1: “...Adjusting the mirrors and steering wheel? I don’t think those
buttons need to stay... you set them once after buying the car, and then hardly
touch them again. I haven’t used them much over the years.”

Farticipant 2: “...You might press some of those buttons once or twice a year, but
they take up space where you could add something more useful, like an extra air
vent. It would make the car feel less cluttered and more open.”

3.3.3.3 Difference in use scenarios and stakeholders when utilizing VUI

This part explores user preferences for voice control across different scenarios and the usage
patterns of different user types (such as drivers, passengers, and children).

Differences in use scenarios: During the interviews, participants described various scenar-
ios in which they might use voice user interfaces or voice interactions, including situations
involving other stakeholders, such as passengers. These scenarios included entertainment pur-
poses, driving-related tasks (at both high and low speeds), pre-trip preparation, and use during
traffic congestion. The performance and utility of voice control varied across these scenarios.
For entertainment purposes, participants often viewed the voice user interface as a fun feature
to demonstrate to others. Before starting a journey, users frequently employed voice control
to streamline multitasking and improve efficiency. While driving, participants preferred us-
ing voice control for tasks unrelated to driving, as it helps minimize manual operations and
maintain focus. In particular, during slow-moving traffic or when stopped, such as in conges-
tion, drivers used voice interaction to manage features more thoroughly, helping to alleviate the
stress and pressure associated with driving.

Entertainment purpose: “Whenever I have friends who have never been in my car,
I like to show them how I use voice control for things like ’air conditioning’ or
other functions... it’s kind of fun...”

3

Pre-Trip preparation: “...Before heading out, I could use the voice assistant to set
navigation, adjust the AC, and take care of other stuff while getting readly... it saves
so much time....”
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Low-speed scenario: “... Traffic jams can be so draining with all the stop-and-go...
but using the voice makes it easier to handle simple tasks and helps me relax a

bit...”

Different stakeholders:Different stakeholders, such as passengers, influence habits and pref-
erences related to control methods. Passenger behavior varies depending on their seating posi-
tion. Front-seat passengers tend to rely more on physical controls, while back-seat passengers,
who often face physical barriers to accessing controls (e.g., buttons), are more inclined to use
voice control. As one respondent noted, “When I’'m in the back seat and want to adjust the air
conditioning or control some other functions, I might have to ask the person in front to help
me, which is a hassle—voice control would be much better then.”

Participants also highlighted children as passengers. They mentioned that children often display
greater curiosity and interest in voice user interfaces compared to adults, finding them engaging
and entertaining. However, participants also pointed out the potential risks, such as accidental
activation of critical control functions by children, which could pose safety concerns.

3.3.3.4 Changes in social dynamics and connection

Social changes in voice user interface (VUI) usage manifest in two primary dimensions: age-
related differences and the evolving emotional connection between humans and machines fa-
cilitated by the modality and mediators of control methods (VUI or physical controls).

Age-Related differences: Age plays a significant role in influencing VUI usage tendencies.
Older drivers (aged 45 and above) with over a decade of driving experience tend to approach
VUI conservatively, prioritizing reliability, accuracy, and simplicity. Conversely, younger users
display a greater willingness to experiment with new technologies, embracing the innovative
features of VUI with enthusiasm. As one 25-year-old respondent stated,

“I wish more features could be controlled by VUL.. if you're going to do it, do it
thoroughly.”

Emotional connection and carrier: In the interviews, some participants reckoned that VUI
could be perceived not only as a functional tool but also as a conversational partner, fostering
emotional connections. One participant remarked,

“..If it could be a bit smarter, like keeping me company while I drive alone, that
would be great.”

This shift positions VUI as a source of emotional interactive objects, enabling users to form
deeper bonds with the system. Ultimately, users may develop emotional dependencies on VUI,
reacting emotionally to its responses and performance while attributing human-like character-
istics to it. For example, participants pointed out the potential for personalization, saying, “...If
It could learn your habits through customization and understand your emotions from the tone
of your voice, I'd definitely want to use it.”and
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“...I think personalized experiences are about it understanding you—your mood,
your habits—that would be great. It shouldn’t feel like a cold, mechanical tool that
just answers questions and solves problems; it could have some emotions to make
it better.”

This emotional need becomes more evident when users drive alone, with two respondents not-
ing, “...Especially when driving alone, using VUI could make me feel like there’s someone
helping me operate the car.”

Furthermore, Some participants expressed a preference for a tangible product to complement
the voice user interface. For instance, one participant noted that they would “happily accept” a
physical embodiment, like “Nomi” (an in-car voice assistant product designed by NIO), com-
pared to a purely virtual interface. These findings indicate that users’ emotional dependence
and expectations of VUI are not limited to functional needs but also encompass demands for
social interaction and emotional support.

3.3.3.5 Perception of safety

Safety, a critical factor in driving and user interactions, significantly shapes decisions regarding
the adoption of voice user interfaces (VUI). Participants consistently raised safety concerns,
either explicitly or implicitly, during discussions about using VUI while driving. This section
examines user perceptions of safety issues and concerns, focusing on two main areas: data
privacy and the safety of voice control, as well as the prerequisites for safe use of VUL

Concerns about data privacy: Privacy-sensitive participants expressed unease about using
voice interaction interfaces, which they perceive as invasive and potentially compromising their
private space, particularly within the confined environment of a car. There is widespread con-
cern that companies or malicious actors could gain unauthorized access to their data. As one
interviewee remarked, “I don’t want ’they’ to be able to hear conversations inside the car.”

Utility-focused users, on the other hand, were more accepting of data collection if it served to
improve services, provided the data remained stored locally for system training or upgrades.
They emphasized the need for “a return that matches their input.” However, nearly all partici-
pants (15 in total) stressed that while they might “compromise for the sake of use,” they firmly
believe that data generated while driving—such as the frequency and type of voice-controlled
functions—should not leave their control. As one interviewee noted, “I don’t want what I say
or the functions I control while driving to be recorded.”

Users expressed particular discomfort with their voice data being analyzed for targeted recom-
mendations, especially during moments that demand high concentration, such as driving. One
participant explained their refusal to use VUI due to fears that usage habits could be tracked,
potentially leading to accidental activations or disoperation, which they described as especially
concerning when concentrating on driving.

Concerns about the safety of voice control features While the potential convenience of voice

commands was acknowledged, participants raised concerns about the inherent safety of VUI,
including its reliability and control allocation.
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Reliability of voice technology: Many users doubted the reliability of current voice technol-
ogy, citing poor recognition capabilities. The need to repeat commands multiple times before
achieving the desired outcome introduces instability and increases cognitive load for drivers.
One interviewee remarked, “I’m afraid of saying something randomly in the car and acciden-
tally activating the voice assistant to adjust the side mirror—I’d be really scared.”

Unlike physical buttons, VUI lacks visual feedback, making it harder to quickly identify and
correct errors when users ’say the wrong thing” or give an inaccurate command. This challenge
is amplified during complex driving situations, where repeating or correcting operations can
compromise safety. Novice and elderly drivers, in particular, confront with greater difficulties
in ensuring operational reliability. In case of emergencies, the limitations of voice control
become more pronounced. Noise interference, variations in speech speed, or technical errors
can prevent the system from executing critical commands. One participant shared their concern:

“In an emergency, I'm afraid it won’t understand my needs in time, which could
lead to bigger problems.”

Control allocation issues: Participants highlighted that ambiguities in control allocation be-
tween humans and machines could create an unstable driving experience. Excessive machine
intervention or delays in voice response could confuse decision-making, impacting safety. As
one participant noted,

“..If there’s a delay in the voice interaction, I need to decide whether to take over..
this could affect my operation sequence... and my decision-making.”

Additionally, conflicts arise when VUI processes commands from multiple passengers. For
instance, one interviewee expressed concern about unintended activations, saying, “If a child
in the backseat accidentally says something related to specific keywords, like those associated
with the door handle, the voice assistant might mistakenly execute the command to open the
car door, which could be dangerous.” This type of misoperation can distract the driver and
compromise safety.

Safety prerequisites before using voice control: Participants emphasized the importance
of establishing safety prerequisites to mitigate risks associated with VUI. Key suggestions in-
cluded:

Disabling certain features: Users recommended disabling remote control functions or critical
commands to prevent unauthorized operations or accidental triggers.

Training and guidance: Providing clear instructions, through manuals or interactive exercises,
was seen as essential for helping users understand how to interact effectively with VUI. One
participant suggested, “Through manuals, prompts, or some interactive exercises, users could
better understand how the voice assistant works and what commands are available... becoming
more familiar with the operation.”
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3.4 Summary

The combined results of quantitative and qualitative research provide a comprehensive under-
standing of the user experience associated with using Voice User Interfaces (VUI) for control-
ling in-car functions in current driving scenarios.

By employing a multiple linear regression approach to investigate how various factors predict
final user choices, we found that among the predefined independent variables, those reflecting
objective attributes—such as users’ familiarity with feature, and actual usage frequency—had
a more pronounced influence on user choices, particularly in both primary driving task and sec-
ondary task scenarios. This finding further indicates that users’ current assessments of voice
user interfaces (VUIs) for in-car feature control remain focused on whether the required ca-
pabilities are fully realized and how effectively they perform, thereby hindering broader ac-
ceptance of this interaction method. Moreover, because there is a significant gap between
advanced voice interaction technologies and mass-produced VUIs regarding in-car control ca-
pabilities—and users’ experiential assessments are often based on these less advanced prod-
ucts—users’ evaluations may include more negative sentiments. Consequently, user experience
carries less weight in decision-making (failing to reach a statistically significant difference),
making it difficult for user experience to serve as the primary evaluative criterion. Although
user preference is generally considered a reflection of usage habits and needs, it also implies
users’ expectations for future VUI control capabilities, and reveals users’ attitudes and their
potential for future adoption, suggesting that user preference may serve as a more critical ref-
erence factor in designing and predicting user choices.

In the qualitative study primarily employing semi-structured interviews, direct feedback from
participants provided deeper insights into the logic and rationale behind users’ choices of dif-
ferent control methods. In particular, the interviews shed light on how users’ willingness,
decision-making, and past usage experiences influence their choice of using a VUI as the
medium for controlling in-car functions. These qualitative findings helped refine the set of
influential factors identified in the quantitative study. For instance, negative user experiences
with current VUI technology—such as low recognition accuracy, lack of contextual aware-
ness, and delayed responses—pose objective technical issues that significantly undermine user
confidence. Furthermore, previously overlooked factors, including privacy and security con-
cerns (especially regarding data misuse and operational reliability), became more apparent,
further affecting user decisions. Addressing these issues through improved system design and
robust privacy safeguards is critical for building trust and promoting acceptance. Addition-
ally, statements made during the interviews offered insights into the capabilities, features, and
user experience requirements regarding VUI-based control. For example, personalization and
emotional intelligence within VUI systems were perceived as drivers that could increase user
demand for such products. Participants expressed a desire for systems that not only execute
tasks effectively but also adapt to their preferences and provide more humanized interactions.
This could include recognizing individual habits, offering contextualized feedback, and even
serving as an emotional companion during solo drives.

This mixed-methodology approach offers a comprehensive understanding of user needs and
concerns, forming a strong foundation for further exploration. In the next section, we will
develop a factor model framework to analyze the key factors influencing VUI adoption for
controlling in-car functions. Subsequently, in Section 6, we will apply these findings in two
ways: 1) By analyzing interaction needs, including VUI-specific requirements and those related
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to its design and functionality. 2) By proposing design guidelines and evaluation standards
based on the study’s insights, optimizing the user experience evaluation framework. These
efforts aim to enhance sensitivity to user experience and predictive accuracy, facilitating the
broader adoption of VUI technology for in-car function control.
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4 Model and Influence Factors

In this section, we introduced a descriptive model aimed at understanding the cognitive and
behavioral patterns of users when utilizing voice interaction to manipulate car features, without
engaging with other tangible interaction (e.g., physical buttons/stick). The model is structured
based on the Impact-Centered Design framework and Product Experience Theory, which de-
lineate and synthesize the product attributions, psychological and behavioral impacts triggered
by human-product interaction.

In model development, commonalities were identified, conceptualized, and summarized from
the results of both qualitative and quantitative analysis conducted in the prior user study. Fol-
lowing the procedure of establishing a descriptive model in cases where the phenomenon under
investigation is not yet fully understood, two primary research questions guided this process:

» What types of factors constitute the dimensions affecting users’ interactions?

* How can these factors be grouped and interact?

Inspired by Impact-Design framework, we aimed to differentiate the objective properties of
the product from the subjective psychological impacts and user perceptions of the interaction
experience. However, unlike Fokkinga’s model—which takes a general perspective on human
impact—the proposed model seeks to incorporate aspects that are tailored to the considera-
tions when controlling vehicle features. These metrics reflect specific cognitive and behavioral
considerations relevant to the driving context, such as trust, driving confidence, and safety.

The subsequent part presents an overarching hierarchy of the model, outlining the interrelations
between its various components. Additionally, each element would be explained in detail.

4.1 Overall model

The architecture of the model, as illustrated in Figure 7, focuses on the interplay between mul-
tiple interrelated variables and themes that collectively influence users’ decisions to adopt a
Voice User Interface (VUI) for controlling product features. The model integrates individual
user characteristics (e.g., knowledge, behaviors, habits, and preferences) with user attitudes
(trust and confidence) and safety perceptions as the primary components of "Human Impact.”
Simultaneously, the model considers the intrinsic characteristics of the product (such as its
functionality, features, security, and reliability) and the user experience (including product aes-
thetics, meaning, and emotional experience) as factors at the product level.

The model defines the product level through a two-tiered structure: VUI product attributes,
which include functional capabilities as well as aspects related to security and reliability. These
attributes determine how users interact with the product through voice (VUI Interaction &
Usage). Variations in product attributes and modes of interaction directly affect the Product
Experience, which encompasses elements like product aesthetics, meaning, and emotional ex-
perience.
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Figure 7: The overall hierarchy of the influencing model for user adopting VUI for feature
control

In the “Human Impact” module, individual user characteristics (such as knowledge, behaviors,
habits, and preferences) interact with user expectations and attitudes. The user’s knowledge and
habitual behavior shape their initial attitudes and expectations regarding product use. When the
product experience aligns with or exceeds these expectations, the user’s trust and confidence
in the product are likely to increase; conversely, negative experiences may diminish their will-
ingness to use and prefer the product. Safety Perception acts as a moderating variable, further
influencing the user’s assessment of VUI security and their subsequent decisions regarding its
use.

Arrows within the model indicate how the critical component of product experience influences
user behaviors and selection, and this process illustrates a bottom-up pathway: from product
attributes and interactions to user experience, and finally to the user’s overall attitudes and
behavioral choices. Ultimately, these pathways converge to influence the user’s behavioral
choice—whether to adopt VUI for controlling product features.
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4.2 Model components

4.2.1 User attributes

User attributes encompass the personal characteristics and behavioral patterns of individuals
in their interactions with products. These attributes serve as moderating factors that influence
users’ attitudes, expectations, and, ultimately, their decision-making processes. User attributes
can be categorized into the following key aspects:

Knowledge: This encompasses the depth of a user’s understanding of VUI and physical con-
trols, including their functionalities, features, usage methods, and limitations. According to
consumer behavior theory, knowledge level is a critical determinant of users’ information pro-
cessing abilities and decision-making behaviors (Alba & Hutchinson, 1987). In the context of
technological product usage, a user’s knowledge level directly impacts their ability to compre-
hend product functionalities and proficiency in utilizing them (Park & Lessig, 1981). Gener-
ally, higher levels of knowledge are associated with increased acceptance of technology and
a greater willingness to use it, as knowledgeable users are better equipped to understand and
leverage product features to fulfill their needs.

Behavior and Habit: This refers to users’ behavioral patterns and habits in utilizing in-car
functions in their daily lives, such as using voice commands while driving or in non-driving
contexts. It encompasses aspects like usage frequency, contexts of use, and interaction modes.
According to habit formation theory (Wood & Neal, 2007), repetitive behaviors become auto-
mated habits through conditioning and reinforcement mechanisms. Established habits signifi-
cantly influence future behavioral decisions, as users who frequently engage with a particular
product are less likely to switch to alternative products or control methods.

Preference: This refers to a user’s personal inclinations toward specific car features or inter-
action methods (e.g., physical controls or voice controls). Preferences are shaped by various
factors, including personality traits (e.g., openness, conservatism), usage contexts, and past ex-
periences (Sjoberg, 2000). Preferences play a pivotal role in the decision-making process, as
users tend to select interaction methods that align with their preferences, thereby enhancing
their subjective satisfaction and perceived utility.

4.2.2 Users’ expectations

Users’ expectations refer to their predictions about a product’s performance, reliability, ease of
use, and other attributes. In this study, these expectations specifically relate to using a Voice
User Interface (VUI) instead of physical buttons for controlling functions. When experiences
meet or exceed expectations, user satisfaction and willingness to continue using the product
increase. Conversely, unmet expectations can lead to negative attitudes and reduced usage
intentions (Oliver, 1980). This thesis specifically focuses on users’ expectations regarding
controlling through VUI and their future usage tendencies.
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4.2.3 User attitude

User attitude refers to the overall perception or emotional inclination of users toward a product
or service, encompassing cognitive, affective, and behavioral components (Ajzen, 1991). In
this model, user attitude primarily includes the following aspects:

Trust and confidence: When users self-assess their ability and skill in controlling features
through a VUI, trust and confidence reflect their belief in both the product’s functionality and
their own capability to use it effectively. Trust encompasses perceptions of the product’s secu-
rity, reliability, and integrity, while confidence reflects a user’s evaluation of their capacity to
perform specific tasks (Bandura, 1977). Higher levels of trust and confidence in a particular
control method increase the likelihood of users adopting it continuously and recommending it
to others.

4.2.4 Safety perception

Safety perception refers to a user’s subjective sense of security when using a VUI, encom-
passing both physical safety (e.g., risks associated with VUI operation) and data security (e.g.,
protection of personal information). In user experience research, safety perception is recog-
nized as a critical factor shaping user trust and willingness to use (Cox & Rich, 1964). When
users perceive high levels of risk, they are more likely to reduce or abandon product usage
(Bauer, 1960). Safety perception is influenced by a combination of the product’s objective
safety attributes and the user’s knowledge, past experiences, and psychological state.

4.2.5 Product experience

Product experience encompasses the overall sensory and emotional impressions a user derives
from interacting with a product. This includes aspects such as the product’s appearance, aes-
thetics, tactile qualities, and the emotional responses elicited during use. Drawing on Desmet
and Hekkert’s (2007) experience framework, we define product experience as comprising the
following dimensions:

Product aesthetic: This part refers to the sensory enjoyment users derive from a prod-
uct’s visual, auditory, and tactile qualities. Aesthetic experience is characterized as dis-
interested, focusing on perceptions of order, harmony, symmetry, and related attributes
(Hekkert, 2006).

Product meaning: This dimension refers to the functional and emotional significance
users attribute to a product. For instance, a product may be seen as a symbol of per-
sonal identity, an expression of lifestyle, or a medium for facilitating social interactions
(Desmet & Hekkert, 2010).

Product emotion/experience: Product emotion refers to the emotional responses users
experience when interacting with a product or VUI, such as pleasure, satisfaction, or frus-
tration. These emotions are inherently subjective, influenced not only by the product’s
attributes but also by the user’s individual needs, goals, values, and capabilities (Smith
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& Lazarus, 1990). In this study, emotion “it is pleasant or enjoyable?” serves as direct
indicators of users’ evaluations of their experience with the VUI.

4.2.6 Product features and properties

Product features comprise the inherent attributes and characteristics of a product. In the context
of this study, they include the characteristics of VUI products (e.g., interaction methods, secu-
rity, and reliability) as well as the attributes of the features and control methods used by users
in real-world scenarios. By meeting both functional and emotional needs, specific features can
significantly influence user attitudes and decisions (Keller, 1993).

4.2.7 VUI interaction and usage

Interaction refer to all activities and communication that occur between users and product.
These include behaviors related to product perception and operation, such as checking, initi-
ating, and terminating use, as well as interface interactions, updates, and maintenance (Schif-
ferstein & Hekkert, 2008). In this study, interaction specifically pertain to the actions and
operations users perform to trigger or utilize functionalities via various control methods (e.g.,
VUI).

4.3 Summary

This section explains how users decide to adopt voice user interfaces (VUI) for controlling
functions instead of using physical controls. It highlights the role of user characteristics—such
as knowledge, habits, and preferences—and how they interact with trust, confidence, and safety
perceptions to influence decisions. It also considers how product attributes like functionality,
reliability, and overall user experience impact adoption.

The model combines these factors to provide a clear framework for understanding user behav-

ior. It offers practical guidance for designers to improve VUI systems and reduce the need for
physical controls while maintaining a positive user experience.
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5 COMPARATIVE STUDY AND EXPERIMENT
S Comparative Study and Experiment

While Chapter 4 explores how users understand and ultimately choose to employ VUIs for
function control, an important question remains: which types of functions are users currently
willing to control through voice, without the need for a corresponding physical interface? To
address this, we designed an experiment to gain deeper insights into user preferences and deter-
mine which categories of physical controls could be effectively replaced by voice interaction.

This experiment employed a within-subjects design, where the independent variable was the
type of control method used by participants (physical buttons versus voice control) to perform
identical operational tasks. The experimental environment featured a detailed simulated driving
scenario using a driving simulator. Participants were invited individually to the experiment for
evaluation and were asked not to discuss the content of the experiment with other participants
afterwards. The data were collected and analyzed from the answers of the questionnaires and
interviews.

5.1 Experiment equipment and VUI program setup

The experimental tasks were predefined. The experimental setup included a driving area which
was equipped with a driving simulator, a display screen, physical button simulation devices,
and a computer system operating a voice interaction interface, as shown in Figure 8a. The
display screen, positioned in front of the simulator, played driving videos sourced from the
internet to create a realistic driving environment. The physical control device was designed to
replicate the functionality of real vehicle physical control.

(b) Recommended voice
(a) The setup for experimen- commands for controlling (¢) Evaluation scale for
tal test features after-experiment evaluation

Figure 8: Experiment equipment and VUI program Setup

The voice user interface (VUI) followed a structured control logic. Users issued commands in
natural language (Designed commands shown in Figure 8b), after which the system acknowl-
edged the request with a ’processing” response one second later. After three seconds, as a
simulation of the operation time, the system notified the user with “function activated.” Sub-
sequently, the system paused for one second to ask if further operations were required. If no
response was received within ten seconds, the interaction process automatically terminated.
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The response time of the voice interaction interface is designed based on the current research
and evaluation on voice interaction response speed and functional execution capabilities. The
average response time is approximately 1 second, with an overall task completion time of about
3 seconds (Isyanto et al., 2020).

5.2 Participants

A total of 12 participants took part in the experiment, including six who had previously par-
ticipated in interviews. The order of participant selection was determined through a random
draw.

5.3 Experiment procedure

Before the start of the experiment, all 12 participants received training on the experiment equip-
ment, including physical controls and the voice user interface (voice control), as well as the
experimental procedure. Participants were instructed by researchers to ensure they fully un-
derstood the experimental procedures and techniques, including the ”"Wizard of Oz” method.
They were also briefed on the purpose of the study and the privacy protection measures in place
before signing an informed consent form.

During the experiment, each participant individually entered the testing environment and per-
formed a series of standardized operational tasks, such as adjusting air conditioning tempera-
ture, selecting a music, and setting navigation. Each participant interacted with four primary
driving-related features, five secondary driving features, and five features related to tertiary
driving features. Due to experimental constraints, door handle controls were excluded. In the
first round, participants used physical controls (for example, buttons) to complete the feature
task. Adequate breaks were provided between control method switches to minimize fatigue
and learning effects. In the second round, participants used the voice user interface (voice con-
trol). This design enabled a direct comparison of the efficiency and accuracy of the two control
methods. Task completion times and accuracy were meticulously recorded for all participants.

Following the experiment, participants completed a questionnaire evaluating their interaction
experiences. The entire experimental procedure lasted approximately 30 minutes per partici-
pant. Participants were appropriately compensated for their time and effort.

5.4 Measurement

Participants responded to a series of questions using a 5-point Likert scale, ranging from
“strongly disagree” (1) to “strongly agree” (5) and the scale shown in Figure 8c. System
usability was evaluated using the System Usability Scale (SUS), while user experience was
measured utilizing the user experience evaluation framework employed in the previous survey.
In response to user research findings highlighting concerns about the safety of voice interac-
tions, a voice interaction safety assessment was incorporated into the scale. The final version
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of the scale is included in the appendix of the research report. Detailed data analysis results
will be presented in the results section.

In this study, the 12 participants had a mean age of 31.4 years (SD = 10.7), spanning a wide
age range from 18 to 53 years. Participants exhibited significant variation in driving experience,
with an average driving experience of 7.3 years (SD = 7.8). The majority of participants (8 indi-
viduals) reported prior experience with in-vehicle navigation systems or voice assistants, and 5
indicated frequent use of such technologies. Control functions for both primary and secondary
driving tasks were grouped into five categories, and all participants tested each function com-
prehensively. For other driving-related tasks, the most frequently selected features included
media control (12 participants), climate control system (12 participants), recirculation system
(12 participants), trunk switch (10 participants), and sunroof controls (9 participants).

5.5 Results

5.5.1 Usability study results

The SUS scores for different task level features across different control methods are shown
in Figure 9. In the study examining usability for controlling functions during primary driving
activities, a significant difference was observed between physical control methods (e.g., but-
tons) and voice assistants. Results of the t-test revealed a statistically significant difference in
usability scores between the physical control group and the voice assistant group (¢ = 5.914,
p < 0.005). This finding indicates that for primary driving tasks, users tend to prefer physical
controls for setting functions, while expressing concerns about the usability of voice controls.

In contrast, when evaluating usability during non-driving tasks (secondary driving tasks [SDT]
and tertiary driving tasks [TDT]), no statistically significant differences were found between
traditional physical control methods (Group 1) and voice user interfaces (Group 2). The paired-
sample t-test showed no significant difference in usability scores for either task category (SDT:
t1 =0.34, p; =0.743; TDT: t, = -0.302, pp = 0.768). For SDT features, the physical control
group had a slightly higher mean usability score (¥; = 67.92, SD o7 = 9.46) compared to the
voice user interface group (X, = 66.46, SD o, = 8.42), but the difference was not statistically
significant (p > 0.05). This suggests that for controlling secondary tasks, both interaction meth-
ods performed similarly in terms of usability.

For TDT features, the voice user interface group scored slightly higher in usability (X, = 67.08,
SD 0, = 5.31) compared to the physical control group (¥; = 66.25, SD o7 = 5.78). Although
the difference was minimal and not statistically significant, these results indicate a slight user
preference for voice controls over physical ones for tertiary tasks. Overall, the findings suggest
that while physical controls are favored for primary driving tasks, voice user interfaces perform
comparably to physical controls for non-driving tasks.
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Figure 9: Usability Test Scores for PDT, SDT, and TDT Features Across Different Control
Methods

5.5.2 User experience results

The UX scores for different tasks level features across different control methods are shown
in Figure 10a. For primary driving activities, a significant difference was observed in user
experience (UX) scores between physical controls (e.g., buttons) and voice assistants. A paired-
sample t-test revealed a statistically significant difference between the physical control group
and the voice assistant group (r =4.29, p < 0.001). Specifically, the physical control group (UX
Group 1) had a mean UX score of x; = 3.37 (standard deviation o7 = 0.47, variance 612 =0.22),
indicating higher user experience ratings with relatively consistent data distribution. In contrast,
the voice assistant group had a mean UX score of x; = 2.62 (standard deviation o, = 0.38,
variance 622 =0.15), reflecting lower UX ratings. These results suggest that for primary driving
tasks, users exhibit a clear preference for physical control methods, perceiving them as offering
a better overall experience.

For secondary driving activities (SDT) and tertiary driving task-related feature controls (TDT),
the paired-sample t-test found no statistically significant differences in UX scores between
physical controls and voice interfaces (SDT: t; = 0.39, p; = 0.704; TDT: t, = -1.152, py =
0.266). For secondary tasks, the physical control group had a mean UX score of X = 3.05
(standard deviation o7 = 0.37, variance 612 = 0.13), compared to x3 = 2.96 (standard deviation
03 = 0.58, variance 632 = 0.33) for the voice interface group. For tertiary tasks, the physical
control group had a mean UX score of X, = 2.95 (standard deviation o, = (.28, variance 02 =
0.08), while the voice interface group scored x4 = 3.14 (standard deviation o4 = 0.42, variance
Gf = 0.17). These findings indicate that for secondary driving tasks, users perceive physical
controls as performing slightly better than voice interfaces. However, for tertiary driving tasks,
users are more willing to employ voice interfaces, suggesting greater acceptance and utility for

55



5 COMPARATIVE STUDY AND EXPERIMENT

such tasks. Overall, in terms of user experience, both interaction methods perform comparably,
with no significant differences for secondary and tertiary tasks.

w 77
l PR 17

PDT_Physical PDT_Voice SDT_Physical SDT_Voice TDT_Physical TDT_Voice PDT_Physical PDT_Voice SDT_Physical SDT_Voice TOT_Physical TDT_Voice

(a) User Experience Scores for different (b) Safety perception Scores for different
features and control ways features and control ways

Figure 10: User Experience and Safety perception Scores for PDT, SDT, and TDT Features
Across Different Control Methods

5.5.3 Safety study results

During driving, different control methods elicited varying levels of safety concerns among
users, particularly in the case of VUIs, which provoked greater apprehension. The safety per-
ception for features of different task levels across different control methods is shown in Figure
10b. When analyzing safety scores for primary driving features, we found a statistically sig-
nificant difference in the t-test(r = —2.244, p = 0.0351), indicating that participants perceived
VUIs as posing higher safety risks compared to physical controls in these situations.

In contrast, regarding SDT- and TDT-related features, the t-test results (SDT group: #; = -1.836,
p1 > 0.05; TDT group:t, = 1.172, p, > 0.05 )did not reach statistical significance, suggest-
ing that users perceive the safety risks of voice-controlled features to be on par with those
of physical controls. Overall, these findings indicate that users are highly concerned about
safety—particularly with voice interaction technologies—remaining wary of potential uncer-
tainties and risks associated with VUIs.

5.6 Summary

This study investigated the usability, user experience, and safety of various control methods for
managing features across different driving task categories, including primary, secondary, and
tertiary tasks. Under the experimental conditions, the results indicated that, apart from func-
tions closely tied to driving or highly frequently used secondary tasks (such as door handles),
users perceived the usability and experience of voice control alone to be comparable to or better
than physical controls. This suggests that, provided voice controls function seamlessly, users
may be open to managing all other functions exclusively through voice interaction, eliminating
the need for physical controls.
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For primary driving tasks, physical controls (e.g., buttons) for selected features significantly
outperform voice interfaces in terms of both usability and user experience. The high-risk na-
ture of primary driving tasks and their related features amplifies users’ apprehension about VUI
(voice interaction), as reflected in higher perceived safety risks for VUIs. Consequently, it is
crucial to incorporate well-designed, ergonomically placed physical controls for these core fea-
tures instead of replacing them. Regarding secondary and tertiary driving tasks examined in this
research, no statistically significant differences were identified between physical controls and
voice controls in terms of usability or user experience. While users remain somewhat cautious
about voice interactions, the perceived safety risks associated with voice user interfaces did
not differ significantly from those of physical controls, indicating comparable performance for
non-critical tasks. Interestingly, a slight, albeit non-significant, preference for voice controls
emerged for tertiary tasks, reflecting a growing acceptance and potential viability of VUIs in
low-risk scenarios. This suggests that, provided voice controls align with user needs, features
related to non-primary driving activities can be effectively managed through voice interaction
alone, eliminating the necessity for corresponding physical controls such as buttons. Further-
more, in instances where physical controls require more complex interactions, users are not
only more likely but also more inclined to prefer voice controls as their primary method.

When functions are no longer constrained by control mediators, with only primary driving
task-related features retained, the removal of physical control buttons will drive changes in
the vehicle’s interior design and layout. This evolution will, in turn, reshape users’ control
behaviors and needs. The insights presented in this chapter will serve as a pivotal input for the
next chapter, informing our discussions and guiding the design practice of VUIs and associated
work procedures.
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6 Design Guidelines and Practice

In this chapter, the design guidelines are introduced, and the design practice of VUI is de-
scribed. Detail is given to the design preparation, modeling and rendering.

6.1 Design guidelines

Design guidelines refer to a set of standardized rules and recommendations that assist designers
in creating human-computer interaction systems, ensuring interfaces are both user-friendly and
efficient (Shneiderman, 2000). These guidelines are typically rooted in user research, theoret-
ical frameworks, and practical experience, offering clear design directions that help products
meet the needs of specific user groups while improving usability, acceptability, and user sat-
isfaction (Norman, 1988). In this context, the guidelines were developed using user research
insights and comparative studies, where the combination of direct user feedback and empirical
evidence contributed to shaping practical design principles.

6.1.1 Clarification of the scope and capabilities of use

In the context of voice interaction control and VUI, “clarifying the scope of functionality”
typically refers to the user understanding or clearly defining the boundaries or range of the
current task or operation. This means that the user identifies which functions can be controlled
via voice and to what extent these functions can be controlled. For example, clarify which
functions can and cannot be controlled. This ensures consistency between the interaction sys-
tem and the user in terms of functionality, preventing misunderstandings or operational errors.
Users expect consistent and positive feedback during interactions, and if the system meets or
exceeds expectations, user acceptance and satisfaction are likely to increase (Oliver, 1980).

* Clarification of functional capabilities Users, particularly drivers, need to understand
the existing VUI capabilities, including the range of features that can be controlled by
voice and the limitations of those functionalities. In user studies and evaluations, partici-
pants expressed the desire to understand what features are controllable and to what extent
those features can be controlled.

* Task confirmation prompts Through VUI or Multi-modal control method (like tactical
and voice), the system should indicate whether a specific feature is currently feasible or
could be set according to the user’s understanding.

* Task confirmation example User research indicates that when users cannot issue rec-
ognizable commands through voice interaction, they often feel frustrated, negatively im-
pacting the overall user experience. Therefore, in a safe driving environment, the system
can provide usage examples to guide users. This approach effectively reduces confusion
during initial use and increases user satisfaction.
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6.1.2 Confirmation strategies and command-control modes

6.1.2.1 Functional limitations based on driving status and user permissions

The authority level of the control should vary according to the driving conditions. For example,
during high-speed driving, complex tasks that require great attention should be limited, while
in safer environments, they should not. The authority level should also vary depending on
the user. For example, drivers usually have the highest authority level, while passengers are
restricted from any driving-related functions because granting control to all passengers in the
vehicle can cause anxiety for drivers. Design example: When driving at high speeds, the system
only allows simple control commands such as “adjust volume” or “turn on air conditioning,”
while more complex inputs like detailed navigation settings are restricted.

6.1.2.2 Confirmation strategies

The system should suggest functions based on the user’s driving status and habits, or support
personalized settings that allow users to customize frequently used commands and controls.
It should also enable quick access to these settings through voice commands. For example, a
user can define a driving mode that includes their preferred settings like air conditioning, music
volume, and driving mode configurations, and switch to this mode with voice commands.

Design example: A user says “Activate my driving mode,” the air conditioning, music volume,
and adaptive cruise control are adjusted according to pre-defined settings.

6.1.2.3 Reducing confirmation frequency based on familiarity

As the system becomes more familiar with the user’s preferences, it can gradually reduce the
frequency of confirmations. When the system can clearly infer the user’s intent (e.g., based on
context, environmental information, or historical interaction data), it executes tasks itself and
only confirms with the user when necessary.

Example: The system may frequently ask for confirmation during initial use, but as the user
repeatedly performs similar actions, the system can skip the confirmation steps.

6.1.2.4 Avoiding over-confirmation during use

For tasks with lower risks, unnecessary confirmations can be avoided. For example, when
adjusting the volume, the system can set the volume to a default level without asking for con-
firmation.
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6.1.2.5 Emotionally-Aware dialogue recognition during confirmation

Emotionally-aware dialogue recognition refers to the system’s ability to detect the user’s emo-
tion (e.g., anger, anxiety, frustration, or joy) during confirmation and to avoid inappropriate and
emotional responds.

* Avoiding user frustration: When users receive multiple unnecessary confirmation prompts,
they may become frustrated or impatient. If the system can detect emotions such as ur-
gency or dissatisfaction in the user’s voice, it will skip redundant confirmation steps and
expedite task execution.

* Dynamic confirmation adjustments in Response to negative feedback: 1f the system de-
tects user dissatisfaction with its confirmation prompts, it can simplify the process or
adjust its responses to reduce frustration and provide quicker execution options.

6.1.3 Dialogue management

6.1.3.1 Handling negative responses

When users issue a negative or corrective command (e.g., changing a task), the system should
quickly adjust the task to ensure that the user’s intention is accurately executed.

» Continuous confirmation: The system should accept consecutive correction commands.
For example, if a user says, “Not increase volume, but decrease it,” the system should
interrupt the current task and promptly adjust.

* Multi-step clarification: If the user’s correction involves multiple steps or requires further
clarification, the system should ask follow-up questions, such as “Would you like to
decrease the volume to a specific level?”

6.1.3.2 Wake word settings

* Adjustable wake words: The system should allow users to customize wake words accord-
ing to their preferences. For instance, users could choose phrases like “Hello, Assistant”
or “Activate Assistant” to initiate the system.

» Wake-free scenarios: In certain contexts, the system can listen to conversations in the
background without being woken up. For example, when detecting user queries unrelated
to driving, the system could be activated automatically.

6.1.3.3 Multi-tasking capabilities

The system should be able to handle multiple user commands or tasks at the same time, and
prioritize them based on their relevance to driving safety to avoid conflicts or interference.
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* Task priority management: The system should prioritize tasks related to driving safety
(e.g., navigation, speed alerts), followed by secondary tasks like entertainment system
controls. When users issue multiple commands at once, the system should use a priority
algorithm to determine the execution order.

* PFarallel task execution: The system should be able to execute different tasks in parallel,
and it should be possible to interrupt them. For instance, users can adjust the car’s audio
or air conditioning while navigating.

Voice interruption handling Voice interruption handling allows the system to pause the cur-
rent task when interrupted by the user and resume it.

* Pause and resume: The system should handle user interruptions, such as pausing a navi-
gation setting to perform another task, and then resuming the previous task when permit-
ted by the user.

* Multi-task interruption: Users should be able to interrupt one task to address a more
critical one. The system should automatically manage the resumption order based on
priority. For example, a user might interrupt navigation to adjust the volume, after which
the system resumes navigation.

Open-Ended dialogues During non-critical driving activities or the use of secondary driving-
related functions, open-ended dialogues allow users to ask unstructured questions or requests
freely. The system should interpret and respond to these open-ended dialogues based on the
command content and context.

Endpoint detection Endpoint detection refers to the system recognizing the end of a user’s
speech, determining when to stop listening and proceed with command execution.

* Pause detection: By detecting natural pauses in speech, the system can determine when
the user has finished speaking. When a sufficiently long pause is detected, the system
will assume the user has completed their input.

* Contextual judgment: The system should use context to avoid terminating the conversa-
tion prematurely. For instance, when a user pauses to think while answering a complex
question, the system should give the user more time and allow the user to continue speak-
ing.

6.1.4 Feedback
6.1.4.1 Exception handling

The system should be able to handle unexpected situations and inform the user how to address
them through voice or visual prompts. Clear exception feedback should be provided, such as
“I don’t understand, please repeat,” with pre-designed content.
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6.1.4.2 Delay management

When the system experiences delays in responding, it should notify the user with “Processing
your request” to prevent the user from assuming the system is crashed. Timely feedback is
essential to reducing user stress, especially during driving, where delayed responses can cause
uncertainty and tension (Wickens, Helton, Hollands, & Banbury, 2021).

6.1.4.3 Disambiguation

When the system cannot clearly understand the user’s command, it should clarify or ask follow-
up questions to ensure the correct task is executed.

Clarification prompt: When a command has multiple interpretations, the system should ask for
a brief clarification. For example, if a user says “Play music,” the system might clarify, “Would
you like to play from the radio or the music library?”

Dynamic feedback: The system should adapt to various contexts, providing concise clarifica-
tions. For example, when a user says “Increase temperature” while driving, the system should
quickly clarify, “Would you like to raise the air conditioning temperature to a specific degree?”

6.1.5 Non-verbal and visual confirmation

Non-verbal confirmation refers to the acknowledgment of a user’s command through actions
or feedback without using verbal communication. It can be done by executing the correspond-
ing task or through visual feedback. For example, during an operation, instead of using voice
prompts, the system can confirm task completion by directly performing the action. Visual con-
firmation, on the other hand, uses display screens or other visual elements (such as projection
or lighting) to confirm the user’s actions and choices. This approach reduces the cognitive load
of voice interaction for the user, making it intuitive when handling complex or multiple tasks.

* Delay management: In non-verbal confirmation, the system must manage response de-
lays, particularly in situations requiring quick feedback. The design should ensure timely
feedback to avoid users perceiving that the command has not been executed.

* Multi-model feedback: When designing the system, it is important to minimize infor-
mation overload, such as by displaying information step by step or simplifying interface
elements to help users quickly confirm their actions.

6.2 Technical requirements for VUI

From user study, the demand for VUI can be discussed from several perspectives. Based on
the interview findings, it is categorized into three areas: Technical Requirements, Operational
Requirements, and Expectations for Characteristics. The tables below shows the details.
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6.2.1 Technical need

Technical needs refer to the system capabilities and performance that ensure VUI functions
efficiently and effectively. These needs focus on how the technology is designed to meet user
expectations.

Specific Need Definition Rate
The ability of the VUI to adapt to user
Adaptive and Prediction preferences and predict user needs for a 5
more personalized experience.
. Expansion of VUI functionalities to
Feature Expansion and . .
oy o1 accommodate more diverse and flexible 4
Flexibility .
user requirements.
Creating more natural and engaging
Humanized Dialogue conversations that mimic human 5
interaction.
. Improving system performance to
Optimized Performance (no Pr &5y P
eliminate delays and enhance 5
latency) .
responsiveness.
Enhancing VUT’s ability to accurately
Recognition and recognize and understand diverse user 4
Understanding Enhancement | inputs, including accents and speech
variations.
Specialized Functional Adjustments to the VUI to accommodate
Adjustments specialized tasks and specific user needs.

6.2.2 Operational need

Operational needs focus on how users interact with the VUI in their everyday activities. This
category emphasizes the system’s usability, interface customization, and how well it supports
the user’s daily operational tasks.

Specific Need Definition Rate
o Allowing users to customize the interface
Customization and . .
. and responses according to their 5
Personalization
preferences.
Multimodal (Hybrid ‘Suppo'rtlng Ipultlple modes of 1nput,
Controls) including voice, touch, and hybrid 4
controls for flexibility.
. . . Providing clear and comprehensive
Tutorial Instructions of Using instructions for using the VUI effectively. 4
Visualization and Design Des1gq1ng the VUI %nterface in a visually
appealing and functional way.
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6.2.3 Character expectation

Character expectations relate to the persona or behavior of the VUI as perceived by the user.
These needs focus on the emotional and psychological aspects, aiming to build trust and com-
fort.

Specific Need Definition Rate
Ensuring the VUI shows empathy and
Careness understanding towards user emotions and 5
needs.

Offering varied personalities or styles for
Different-characters the VUI to cater to different user 4
preferences.

Encouraging exploration and discovery
Exploratory through interactive and engaging VUI 4
features.

Ensuring the VUI provides quick and

Fast and Correct 5
accurate responses to user commands.
Developing a VUI that can learn and
Intelligent understand user behaviors and adapt 5
accordingly.
Making the VUI interactions feel natural
Naturally and seamless, similar to human 4
conversations.
Proactive Designing the VUI to be proactive in 4

suggesting actions or options to the user.
Ensuring the VUI operates reliably under
Reliable various conditions and provides 5
consistent performance.
Building trust through secure,
Trust transparent, and dependable VUI 5
interactions.

Creating a unique and distinctive VUI

Unique personality that stands out. 4
Designing the VUI to be easy to use and
User-friendly and Convenient | navigate, providing a comfortable user 5

experience.

6.3 Use case and scenario

This part details how to configure VUI for controlling and managing various car features by
organizing usage scenarios into three stages — before use, during use, and after use.
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6.3.1 Before use

To begin with, driving tasks and use scenarios are categorized for the various features. Then
the user sets up the controllable features. It is important to define the range of each function,
especially for those requiring precision, where users are prompted to configure basic settings
and their default values.

The system also allows customization of command inputs and shortcuts. Furthermore, the
interface can recommend or automatically set defaults for frequently used functions, using
data from user research to predict usage patterns. Finally, voice interaction touchpoint can be
mounted in the certain slot in the car interior like Figure 11, and configured to act as control
points, with options for enabling or disabling controls, as well as integrating other physical or
touch-based control switches.

Figure 11: VUI hardware and its position in the interior

The Before Use process is as follows:

1. Classify the driving task categorization for the features.

2. Configure settings within the car’s HMI, as detailed in Table 18. Examples of settings
include:

 Set up the features that can be controlled(Secondary and Tertiary driving tasks) in
Car HMI and hardware concept (Figure 12). The default value is set to “open.”

* Set the range within which the functions can be controlled (For example, for func-
tions requiring precise control, ask the user to perform basic settings, including
setting default values.)

— Recommending features or set defaults for frequently used features.

3. Customize command input/shortcut input.

4. Set endpoint for controlling the voice interaction interface (Evaluating whether it can be
used as a control endpoint).
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Set up task list

Task list

1 Switch between ditferent driving modes.

2 Activate or deactivate parking brake.

3 Adjusts the position of the rear-view mirrors.
4 Activate or deactivate Windshield cleaning
system and adjust the speed of wiper.

5 Turn on o off exterior light.

6 Open or close the door from the inside.

7 Open or close the door from the outside.

8 Adjusts the position of the steering wheel,

9 Open and close glovebox.

10 Activate or deactivate air recirculation system,
11 Manage media, phone, navigation, and car
status,

12 Open and close panoramic sunroof.

13 Activate or deactivate climate control system
and adjust desired temperature.

14 Openand close truck.

6 DESIGN GUIDELINES AND PRACTICE

Figure 12: Setting up the features through the VUI hardware concept

Table 18: Overview of Categories and Descriptions for Car HMI System, Touchpoint GUI,

and VUI Design

Category Description

Car HMI System and Function Activation Interface/Input Settings

Touchpoint GUI
Usage Scenario Selection: Design activation or deactiva-
tion shortcuts for different functions (e.g., navigation, en-
tertainment, driving assistance)
Touchpoint GUI: Interactive touchpoint device GUI
showed in Figure 13.

VUI Voice Prompt Input:Option to enable or disable voice

prompts, allowing users to control system feedback, such
as voice guidance or reminders.

Custom Command Input Confirmation: Enables users to
input custom commands or shortcuts, with the system pro-
viding confirmation and responses to enhance personaliza-
tion.
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* Displaying in Car HMI
* Other physical touchpoint control.

W@ 235km
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Figure 13: Touchpoint GUI preview

6.3.2 During use

This process describes the steps how voice interaction systems work in car features control
during usage. It begins with detecting both internal and external conditions, such as the driving
environment, the status of passengers, and the car’s settings. The system then activates the voice
interaction interface, ensuring that it is functioning properly and can handle user input. Once
commands are detected, the system analyzes them to determine whether they involve simple
actions like on/off toggling or more complex adjustments that may require default settings or
further clarification. If the system is unsure of a command, it seeks confirmation from the user,
offering guidance for multi-step functions when necessary. Throughout this process, the system
maintains a continuous dialogue with the user, offering feedback and context-specific prompts
to create a seamless and intuitive interaction. The overall goal is to enhance both safety and
responsiveness for features controlling by ensuring that the system efficiently adapts to user
needs and the driving environment.

The During Use process is as follows:

1. Detect driving status and the passengers’ conditions.
Detect the external environment (environmental monitoring and perception).

Detect if an interactive physical touchpoint is being used.

el

Detect VUI User.
5. Detect current car settings and car status:

* No specific feedback.

* Prompt the user (via voice) to configure functions that may need a state change.
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10.

11.

12.

6 DESIGN GUIDELINES AND PRACTICE

» Task distribution guidance (under specific conditions, such as when parked) for
multi-level functions.

Wake-up (activate/feedback from VUI) — check if the features are working properly and
if they are controllable.

. Detect and analyze user input commands and Visualize the process in the hardware (Fig-

ure 14):

¢ Check whether the function is restricted from voice control.
* Check whether the function requires fine adjustment settings.

(a) Ifit’s a simple control (like on/off), the command should consist of the function
name and a simple toggle (on/off).

(b) If the function requires fine-tuning:

— When the system detects a simple command for switching, it triggers the
default settings.

— If the user provides specific commands, the system won’t trigger the de-
fault settings.

* Check whether multitasking is involved.

* Check for specific/custom commands.
Command confirmation and processing:
(a) If the system understands the user’s command, it will directly adjust without con-
firmation.

(b) If the system is uncertain about the user’s command, it will ask for confirmation.

(c) If the command is ambiguous or incomplete, the system can further ask the user for
clarification.

(d) Immediate command suggestions.
Function execution/system operation:

(a) Normal execution.
(b) Interrupt execution and return the function to the previous state or default value.

(c) When the user enables or disables a function, the system returns it to the default
value.

If confirmation or processing issues arise:

(a) Notify the user promptly, “Processing your request.”

(b) Clarify or further inquire to ensure the correct task is executed, allowing the user to
return to the previous step.

Continuous conversation:

» User confirmation status (simple feedback, including silence or unrelated dialogues).

* Continuous dialogue control loops (context-related prompts).

Check for status notifications (visual or auditory),and check whether smart dialogue/guidance
is needed.
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During use

Figure 14: Interaction and Visualization feedback for the process
6.3.2.1 Interaction

We designed a human-like facial expression system to indicate the state of interaction in Fig-
ure 15. This approach uses facial expressions to provide feedback, helping users understand
whether the system is processing, ready for input, or responding to commands. For example, a
neutral or focused expression might indicate that the system is actively listening, while a smile
or nod means successful completion of a task. This human-like feedback makes the system
more responsive and emotionally satisfies users’ needs.

Figure 15: Human-like facial expression system for VUI

6.3.3 After use

Once the function is set or the task is complete, the system offers multiple feedback methods to
confirm successful operation. These include voice confirmation that informs the user, as well
as multi-modal feedback that enhances the interaction experience through visual and haptic
feedback from VUI hardware design. For example, visual feedback may involve changes in the
display, while haptic feedback could involve vibrations or other tactile responses. Additionally,
other feedback mechanisms, such as conversational responses about the current system status,
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can further enhance interaction. Through generative dialogue, the system can offer more de-
tailed information about functions when it is safe to do so, although this feature may require
further testing in real-world conditions.

1. When the function is completed, various feedback methods are provided:

(a) Voice confirmation feedback.

(b) Multimodal status feedback:
* Visual feedback in the VUI Design (Figure 16).
* Haptic feedback.

(c) Other feedback (such as dialogue about the current state) to enhance interaction
through advanced Al model for chatting, providing some degree of function-related
content when it is safe to do so (pending real-world verification).

After use

Figure 16: Visual Feedback and Interaction on the VUI hardware concept

6.4 Concept development

In the design practice stage, it is essential to determine the carrier of VUI, which can make VUI
easier to use and contribute to a better user experience. As a result, the following three aspects
were evaluated.

* User needs and preferences from user study
* Current VUI products in the market

* Data collection and analysis
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During the user study, the majority preferred interacting with VUI through a physical product.
Some interviewees noted that, compared to virtual interfaces or avatars on car displays, they
preferred a physical product due to ”a more emotional connection”.

In the current market, there are two different kinds of mainstream in-car VUI products. The
first one exists virtually in the car system without an independent user interface or system,
which is currently the most common way, such as Mercedes-Benz’s MBUX Virtual Assistant.
The other kind has its own user interface which is integrated into physical devices, such as
NIO’s product NOMI. Additionally, some tech companies, like Google and Xiaomi, integrate
VUI into speakers. As we can see in table 19, voice assistants from different car manufacturers
differ in product image, form, customization and proactive interaction. Compared to the VUI
existing in the car system as a sub-interface, the one integrated into physical devices is fewer
in the market. Also, there is more room to design physical products such as a car key which
belongs to car accessories.

Table 19: Some Car OEM VUI products on market

Brand VUI Prod- Product Anthropo- Customization Proactive
ucts Image morphic Interaction
Emoji
XPeng Junior P Circular Yes Support -
screen
NIO NOMI Physical Yes Support Yes
robot head
Lynk&Co JOJO 3D avatar  Yes Support Yes

The data for the study comes from two sources: a questionnaire and an offline test. The ques-
tionnaire was sent to the interviewees of the quantitative study regarding their preferences for
different product images. The test focuses on different product designs and was carried out
offline. Four VUI carriers were presented to the interviewees, including a few product mod-
els and some potential VUI physical carriers. The participants need to vote for two out of the
four options, including display, phone, driving recorder, and portable accessories like car key
or band. Their choices were collected and analyzed to obtain their preferences for product
designs.

In the questionnaire, while 24 out of 86 respondents chose VUI that exists virtually in the car
system, most preferred other types of interaction. For example, 27 respondents chose smart
phones and 29 chose portable devices like car key or band. In the test, 18 out 25 participants
voted for portable devices, followed by car screen and smart phone, which both received 15
votes. Participants expressed a preference for new product forms or specialized VUI devices
over traditional standard voice interactions in cars or phones.

Overall, it is a suitable and effective design decision to choose portable hardware device as a

VUI carrier. To meet sustainability goals, the design will focus on existing in-car accessories.
The car key or a portable device that functions as a key will be the focus of our design.
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6.4.1 Modeling and rendering

A mood board was created on the web application Figma to brainstorm and combine different
design elements as it shows in Figure 17. To create the digital model, computer-aided design
was conducted using the software SolidWorks. Different elements and ideas are shown in the
mood board and some of the ideas became concepts with different development levels.

4 ) /@“ \ A4
TR S

Figure 17: Moodboard for Design

A car keyfob was selected as the carrier of the voice assistant. The early design varied between
different basic shapes and the round shape was selected to move on to the next stage, as it shows
in Figure 18. Some of the alternatives in the early stage are presented in Figure 19.

(

—a

Figure 18: Basic shape of the design
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Figure 19: Early alternatives design concepts for VUI touchpoint

Then the logo of the company is added to the design. The color black and white are selected
as the basic theme to match the color of the logo. Some extra lines are added as it shows in
Figure 20 and one of them is selected for further design. The final design is shown in 21 where
a digital display and three buttons related to "Lock”, ”Unlock” and ”Charge” are added to the

design.

Figure 20: Early stage of the design

Figure 21: Final design

Then design was divided into three different contexts including city, family and nature as it
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shows in Figure 22, 23 and 24. The characteristics of the three contexts are summarized as
follows:

* City: Fashionable, with strong contrasts and modern elegance; lighting serves as a strong
brand element/expression; smart richness, without opulence.

e Family: Comfortable, with soft materials; durable and resistant to heavy use; washable
and made from recycled materials.

* Nature: Easy, achievable adventures, without extremes; comfortable, glamping, and
relaxing time.

Figure 22: Variants in the context of ”City”

a

Lynk&Co

Figure 24: Variants in the context of "Nature”

Other than car key fob itself, we also tried a combination of car key and watch, inspired by the
survey result in the preparation. The design process and variants are shown in Figure 25.
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Figure 25: Combination of car key and watch

6.5 Summary

This section presents a set of design guidelines and principles for developing effective VUI
tailored to the control of features across various driving scenarios. It emphasizes the impor-
tance of designing systems that can be operated solely through voice commands, ensuring both
functionality and user satisfaction. The guidelines are centered on three core aspects: clarify-
ing system functionality, adapting to diverse driving conditions, and enhancing user satisfaction
through intuitive and personalized interaction designs. Key recommendations include minimiz-
ing confirmation steps based on the user’s familiarity with the system, dynamically managing
tasks with a priority on safety-critical functions, and utilizing multi-modal feedback mecha-
nisms to enhance overall usability.

From a technical perspective, the requirements focus on improving the adaptability of VUI
components, such as advancing Automatic Speech Recognition capabilities, optimizing system
performance, and ensuring consistent output quality. On the operational side, the guidelines
highlight the need for customizable interfaces and intuitive user tutorials to facilitate ease of
use. Additionally, the semantic design considerations emphasize the integration of emotional
feedback, enabling the VUI to respond contextually to the user’s emotional state and situational
needs.

This section also explores the design of touchpoint concepts, providing an illustrative example
in the form of portable devices such as car keys, which offer convenience and portability. By
integrating emotionally intelligent and contextually adaptive GUI elements, the VUI system is
designed to deliver seamless, responsive, and trust-enhancing interactions. This comprehensive
approach not only tackles technical and operational challenges but also places a strong empha-
sis on the emotional and experiential aspects of user interaction. As a result, it establishes a
solid foundation for future innovations in VUI design.
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7 Discussion and Conclusion

This chapter presents the key findings of this study. Additionally, we discuss the challenges of
VUI implementation, the study’s limitations, and responses to the research questions. Finally,
future work in this direction is suggested.

7.1 VUI for controlling secondary and tertiary driving related features

The integration of VUI technology into automotive systems represents a transformative shift
in how drivers interact with their vehicles, with an emphasis on enhancing both safety and
convenience. This transformation is primarily driven by the need to reduce cognitive load and
minimize distractions—two critical factors that significantly impact driver performance and
safety. Research consistently shows that users generally prefer employing VUI to manage sec-
ondary and tertiary driving tasks, such as controlling navigation, entertainment systems, and
other non-driving settings. Compared to traditional physical controls like buttons or dials, VUI
systems for managing these features have been shown to offer comparable or even enhanced
usability. For example, some participants in user studies noted that tasks such as adjusting the
air-recirculation system could be easily handled through voice commands, eliminating the need
for dedicated physical buttons. Moreover, when VUI systems provided intuitive and reliable
interaction, user willingness to rely on voice control for these tasks increased significantly. Ad-
ditionally, VUI systems demonstrated distinct advantages in multitasking and managing multi-
level operations, outperforming physical buttons in terms of efficiency and user satisfaction.
In the user study, several participants expressed concerns about the complexity of driving tasks
and the need for heightened focus. In these situations, a lack of confidence in driving, combined
with the fear of making operational errors, caused them to hesitate and avoid relying on manual
physical controls. In contrast, VUI provides a more natural interaction, reducing psychological
pressure and minimizing distractions while driving. Wickens’ Attention Model highlights the
distinction between cognitive processes related to spatial and linguistic information (Wickens,
2008). Unlike physical interactions, which require simultaneous processing of both spatial and
linguistic cognition, voice interaction primarily engages linguistic processing. This separation
allows for more efficient concurrent processing of spatial and linguistic information, thereby
reducing cognitive complexity.

Nevertheless, participants in the study noted that the shift from physical buttons to voice con-
trol, particularly for secondary driving tasks features, should not be immediate. Several par-
ticipants highlighted that a complete removal of physical controls could hinder adaptation,
especially for those who rely on tactile feedback. Therefore, further research is essential to
identify effective strategies for minimizing physical controls in design and engineering, ensur-
ing smooth transitions for users in real-world driving contexts.

7.2 VUI for primary driving tasks and related features

In terms of primary driving tasks, users exhibited a clear reluctance towards utilizing VUI for
features related to primary driving operations. This resistance reflects a significant concern
and distrust regarding the substitution of human intervention with voice control in such criti-
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cal tasks. The study found that users were particularly apprehensive about the reaction time,
accuracy, and stability of voice systems in complex, fast-paced driving environments, fearing
that these systems might not provide the level of safety required. Some researchers emphasized
that system reliability and response time are crucial factors influencing driver trust in voice
interaction for high-stakes tasks (Young & Regan, 2007). Drivers, in particular, are hesitant to
rely on VUI for core tasks such as speed control or emergency braking, due to a lack of con-
fidence in the system’s performance during critical moments. According to Fitts and Posner’s
three-stage learning theory (1967), users remain in the “cognitive stage” when interacting with
new technologies in dynamic environments like driving. At this stage, they have yet to build a
reliable mental model of the technology, and they hold high expectations for its reliability and
accuracy. As a result, when confronted with high-risk tasks, users are more likely to depend on
familiar, trusted physical controls like buttons.

From a psychological perspective, Norman’s emotional design theory (2013) suggests that
users experience stronger emotional responses during high-risk tasks, particularly when safety
is at stake. They tend to gravitate toward intuitive, physical control mechanisms that offer a
sense of security and control. In contrast, the virtual feedback from voice interaction often fails
to provide the immediate emotional satisfaction and reassurance that physical interfaces can
deliver.

Thus, while VUI offers distinct advantages for controlling auxiliary functions, caution is war-
ranted when considering its potential to fully replace physical controls for primary driving
tasks. Further, more detailed research is necessary to explore this issue and better understand
the boundaries of VUI integration.

7.3 Contextual and environment awareness

Participants in the study emphasized that in-vehicle VUI design should accommodate the needs
of various stakeholders and use scenarios. To achieve this, the VUI should be capable of per-
ceiving, interpreting, and responding to both internal and external environmental factors across
different contexts. Contextual awareness is key—this involves designing the system to adjust
based on different driving phases, such as differentiating between dynamic and static vehicle
conditions, or customizing interaction modes for pre-driving, driving, and post-driving stages.
Furthermore, the range of voice-controlled features should be customized for different users.
For example, the driver might have access to all vehicle settings, while passengers could be
restricted to controlling specific, non-critical features.

7.4 Enhancement in user experience

In the qualitative study, we found that designing interactive entities for VUI can significantly
enhance the user experience during operation. Participants noted that while physical buttons
could be replaced by voice interfaces, an interactive entity or object remains essential for vi-
sualizing processing progress. When designing such entities, the visual appeal—including
interface and virtual character design—plays a crucial role in user satisfaction, consistent with
the findings of Mishra et al. (2022) on voice assistants. For interface design, a well-structured
layout that minimizes cognitive load is key to improving usability. Regarding virtual character
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design, several participants indicated that these designs elicited positive emotional responses
during interactions. As Frijda (1986) observed, emotions help individuals position themselves
in relation to their environment, drawing them toward certain people, objects, actions, and
ideas, while pushing them away from others. Positive emotions, therefore, play a vital role
in establishing a strong emotional connection with desirable products (P. Desmet & Hekkert,
2007).

Furthermore, the ability to customize the system significantly influences user acceptance dur-
ing interaction. VUI that is tailored to a user’s individual characteristics aids in adapting the
interaction process to suit specific needs. For instance, a voice interface could be configured to
control a range of features customized to the user’s preferences and driving habits, leveraging
user data (such as driving patterns) to provide personalized presets and semantic understanding.

7.5 Challenges in VUI implementation

While participants expressed optimism about using VUI for controlling in-car functions during
user research, several challenges persist, particularly in the complex driving environment and
high cognitive load situations. One major challenge is the VUI’s technical ability to accurately
understand and process natural language in varying conditions, which is especially crucial in
the context of driving. Previous studies highlight that the accuracy of voice interactions sig-
nificantly influences user trust and reliance on the system (Young & Regan, 2007). To address
these challenges, comprehensive design guidelines are important. These guidelines will help
designers identify and resolve potential issues, thereby maximizing the efficiency benefits of
voice as an interaction medium. Key focus areas should include improving voice recognition
capability, providing clear system feedback, and implementing confirmation mechanisms to
ensure users are aware of the status of their interactions.

Additionally, given the complexity of designing and implementing VUI to control vehicle fea-
tures, designers may encounter difficulties in fully understanding the technical requirements
and capabilities needed for effective integration. As a result, collaboration with multidisci-
plinary teams during the development process is critical to ensure both the technical integrity
and practical feasibility of the system. Developed design guidelines will aid designers in plan-
ning and evaluating crucial design elements more effectively, allowing for quicker validation
of design feasibility.

7.6 Research limitation

In both quantitative and qualitative user research, increasing the sample size and incorporating
a more diverse group of participants will greatly improve the generalizability and reliability of
the findings. This study had a relatively small sample, and most participants were experienced
drivers. While their insights were valuable, their familiarity with vehicles and related technolo-
gies may have introduced an “idealization bias,” where they reported their expectations of the
system rather than their actual experiences.

Quantitative research examines a wide range of influencing factors, while qualitative research
provides deeper insights into users’ motivations and behavioral patterns. However, the com-
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plexity of VUI systems, with their specialized features, made it challenging for this study to
fully explore how these features interact. The absence of a detailed analysis of these specific in-
teractions limits our understanding of user preferences and potential needs in different driving
scenarios.

In the design and execution of the comparative study, while this research provided valuable
insights into the use of VUI in driving environments, several limitations need to be addressed.
First, the data was mainly collected from simulated driving environments, which affects how
well the findings apply to real-world scenarios. Although simulations help control variables,
they don’t capture the full complexity of real driving, where factors like traffic, weather, and
road conditions can significantly impact VUI performance. Additionally, the VUI technology
used in the experiment may not fully reflect the current state of the technology or how peo-
ple use it. Experimental setups are often in controlled environments, which don’t account for
everyday challenges like background noise, different ways of speaking, or varying language
habits that could affect VUI performance. Features like interaction frequency and voice recog-
nition accuracy are often tested under ideal conditions, while real-world use might be affected
by factors like device performance and network connectivity. This creates a gap between how
the technology works in the lab and how it performs in real-life situations, so the results may
not fully reflect users’ actual experiences. Furthermore, some participants may have given “ide-
alized” responses based on expectations rather than experience, which can skew the findings
and make it harder to accurately understand users’ real needs.

The participant group in this study had a similar professional background, which limits how
broadly the results can be applied. Most participants were highly educated, which may have
influenced their comfort with technology and their problem-solving abilities. To draw more
accurate and comprehensive conclusions, future research should include a wider range of par-
ticipants from various professions, education levels, and levels of comfort with technology.
Expanding the sample size and making it more diverse will help balance the results and im-
prove how well they represent the general population.

Additionally, the study did not fully account for how different driving cultures across countries
and regions might affect user behavior. Different traffic laws, cultural habits, and road condi-
tions can strongly influence how people accept and use VUI technology. For example, driving
conditions in China are quite different from those in Europe, which directly affects driving
habits and technology needs.

Finally, as a concept design, the design of the VUI is still in the early stage of a product
design by exploring “what could be” without diving into the detailed engineering part of how
the product will actually be made. The VUI concept mainly focused on the idea generation,
sketching, modeling, and rendering for the product. There is still a long way to go before
putting it into practical use.

7.7 Answering the research questions

This thesis investigates the feasibility of using VUI to replace physical controls, such as buttons,
for managing driving features. Specifically, it examines whether VUI can effectively replace
physical controls in executing primary, secondary, and tertiary driving functions. Additionally,
the thesis presents a model that illustrates the factors influencing user choices and, through

79



7 DISCUSSION AND CONCLUSION

experimental analysis, identifies which driving features are most suitable for VUI control.

To provide a comprehensive understanding of this area, the study adopts a mixed-method ap-
proach, combining user research with experimental testing. Both quantitative and qualitative
data were gathered via surveys and user interviews. The qualitative data were analyzed through
thematic analysis, while the quantitative data were processed using various statistical meth-
ods. The results reveal that participants had a positive attitude toward using VUI for managing
secondary and tertiary driving tasks. However, for primary driving functions, users expressed
strong opposition, and experimental data indicated that VUI could not match physical con-
trols in these scenarios. The study also identifies several key human factors—such as user
experience, expectations, attitudes toward the product, safety concerns, and product function-
ality—that significantly influence users’ willingness to adopt VUI for in-car control.

Moreover, the study highlights that users generally perceive in-car VUI as a promising tool for
enhancing safety and convenience while driving. Despite this, qualitative analysis shows that
users still require an interactive entity as a touchpoint for engaging with the VUI. To improve
the overall experience, the study strongly recommends designing a more flexible, personalized,
and user-centric interaction model.

In light of the findings obtained through the research, three research questions mentioned in the
beginning could be fulfilled:

1. What specific driving tasks can be conducted using VUI?

First, several driving tasks of different kinds were collected. A multiple linear regression anal-
ysis on user experience proved the tasks in table 20 can be conducted using VUI, which are
secondary and tertiary tasks. Primary driving tasks cannot be conducted using VUI due to
safety reasons, which users prefer using physical controls.

Table 20: Tasks that can be conducted using VUI

No. Tasks
1 Switch between different driving modes.
2 Activate or deactivate the parking brake.
3 Adjust the position of the rear-view mirrors.
4 Activate or deactivate the Windshield cleaning system and adjust the speed of wiper.
5 Turn on or off the exterior light.
6  Open or close the door from the inside.
7 Open or close the door from the outside.
8  Adjust the position of the steering wheel.
9  Open and close the glove box.

10 Activate or deactivate air recirculation system.

11 Manage media, phone, navigation, and car status.

12 Open and close panoramic sunroof.

13 Activate or deactivate climate control system and adjust the desired temperature.
14 Open and close the truck.

2. Are there any driving tasks that are preferred to be conducted using VUIs? If so, which?
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In terms of preference in conducting the above tasks, VUI and physical control perform simi-
larly, showing little significant difference. In other words, there is no strong evidence showing
that the features corresponding to these tasks are preferred to be controlled through VUI, con-
sidering usability, user experience, and safety. Further, due to this similarity in preference, it
is proved that physical control of the features can be replaced by VUI to reduce the need for
extensive physical control.

3. How can a concept using VUI be designed and how does user experience affect the design?

The car key fob was selected as the carrier of the VUI according to customer needs, and the
VUI concepts were developed based on three different contexts that cover a certain market. In
addition, mood board brainstorming, 3D design, and rendering were used to present the ideas
and the steps of how the ideas were developed into specific product concepts.

7.8 Future work

In terms of user study, future research should consider how technology familiarity affects user
behavior and preferences when analyzing user behavior and technology acceptance. It is sug-
gested to recruit ordinary drivers who are less familiar with VUI, particularly those in the 30
to 60 age group. These users, with their extensive driving experience, can offer more repre-
sentative and broadly applicable feedback on vehicle usage. Also, expanding the sample size
and enhancing its diversity will help reduce the influence of individual participants on the re-
sults and improve the generalizability of the study’s conclusions. The research findings suggest
that the variability in user experience may be related to demographic factors such as age and
technological proficiency, which can influence users’ interaction with and perception of new
technologies (Kumar & Smith, 2018). Therefore, cross-cultural comparisons should also be
included to explore how geographic and cultural factors affect user behavior and technology
acceptance.

For the VUI concept, the future work should put more focus on the engineering part, start-
ing with the selection of essential hardware components like microphones, speakers, displays,
batteries, processors, to the integration and connectivity between these components. It is also
essential to do the internal layout design considering the high integration of the hardware com-
ponents. During prototyping, the material selection and manufacturability have to be assessed.
The prototype also needs to be tested in a real car and can be refined by doing user testing based
on real-world driving conditions.
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A Survey on Voice Assistant Usage in Cars
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2. What is your gender? *
O Woman

Survey on Voice Assistant Usage 5
Man

in Cars
Introduction: (O Non-binary
Welcome, and thank you so much for participating in our survey! & (O Prefer not to say

In the evolving landscape of automotive technology, the traditional

physical buttons used to control various car features and settings are

increasingly being complemented by in-vehicle voice assistants. This

survey aims to gather your insights and opinions on the use of voice

assistants (VUI) for operating features in your car. We are particularly 3. Where are you from? *
interested in understanding your perspective on reducing or eliminating

traditional physical controls in favour of voice-only interaction within the

car interior

Your valuable feedback will aid us in enhancing future voice assistant
designs and user experiences. This survey is estimated to take

approximately 5-10 minutes to complete 4. How familiar are you with using voice assistant (such
N as Siri, Google assistant,etc.)?
Definition:
Vehicle features: all the special things a car has to make it safe, fun,
comfartahla and eacy ta iica B 4 3

Voice assistant O O O

General Information

5. How often do you use voice assistants (such as Siri,

1. What is your age? *
Google Assistant, Alexa, etc.)?

5 4 3
Voice assistant O O O
o Page 10118 arre. Page 20118
Survey on Voice Assistant Usage in Cars 2025-01-03, 17:53 Survey an Vaice Assistant Ussge in Cars 2025-01-03, 7553

6. How many years have you been driving? * L L . .
" R Opinion on Vehicle's Features with physical but-
you do not possess a driving license or if you are merely a

passenger, please enter 0' tons

8. Do you know the car features listed below that entail
physical buttons (Directly related to driving activities)?

7. How frequently do you use a car? * 5 4 3
O paily Adaptive Cruise

Control (ACC)

(O several times a week

o O
o O
o O

Speed Control

Once a week
Parking Assist

Gear Shift

Never

O Rarely
O Driving mode
switch

EPB (Electronic
parking brake)

Side Mirror
adjustment

Steering Wheel
Adjustment

O O O O OO0
O O O O OO0
O O O O OO0

Windshield
wipers and

automatic
88 cleaning

Exterior Light

control O O O

O
O
O

Circulation Ia) Ia) Ia)
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Control ~ ~ ~

Defogging and Gear Shift

Defrostting

control
Driving mode

switch

Media control

EPB (Electronic
Trunk/Front parking brake)
Trunk Switch
Side Mirror
Climate system adjustment
control

Steering Wheel

O O O O 0O«
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Glove Box Adjustment
Control
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Sunroof Control wipers and
automatic O O O
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Power window
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control O O O
Exterior Door
handles Circulation
Control O O O
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Defrostting
control
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9. How often do you use each of the following car

interior functions with physical buttons that are

. i P Trunk/Front
directly related to driving activities? T:t:klsx)itnch
5 4 3 Climate system
control
Adaptive Cruise
Control (ACC) O Glove Box
Control

Speed Control
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)

O o O O O O
O o O O O O
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Sunroof Control
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Power window
suitches O O O

Usage and Opinion on Voice Assistants in
Ext D
handles O O O Cars

Interior Door Including voice assistants that you have used in your car, such as mobile
handles O O O devices, car play.

10. Did you use in-car voice assistant? *

The in-car voice assistant here includes voice assistants that you
have used in your car, such as mobile devices.

O Yes
O No
(O Notsure

11. How often do you use the in-car Voice user
interface *

If you do not possess a driving license or if you are merely a
passenger, please enter 'never’

In-car Voice
user interface O O O
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12. For which purposes do you use the voice assistant? 13. (If you have used,) For In-car Voice User assistant
(Please select all that apply) * In this questionnaire, the numbers from low to high indicate an

increasing level of agreement or understanding. For example, 1
indicates a complete lack of familiarity with voice interaction

[ Navigation products or assistants, while 5 indicates a complete understanding
of voice interaction assistants.

[ Making phone calls

Sending/reading text messages
Does this help

me in attaining

[ Playing music or media your goals and O O O
motives?

[[] controlling car settings (e.g., temperature, seat adjustment)

Is this pleasant
or enjoyable? O O O

Does this

confirm your e) e) e)

expectations?

Does this
match with your
social norms O O O

and standards?

How certain are
you about this
voice user O O O

interface
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Exterior Light
control

O
O
O

Perceptions and Preferences Circulation

Control

O
O
O

I this questionnaire, the numbers from low to high indicate an increasing
level of agreement or understanding. For example, 1 indicates a complete
lack of familiarity with voice interaction products or assistants, while 5 indic- Defogging and

ates a complete understanding of voice interaction assistants. ?:;;c:glmng

. Media control
14. Do you know that the following car features can be

controlled using a voice assistant instead of physical

Trunk/Front
buttons? Trunk Switch
1 2 3 Climate system
control
Adaptive Cruise
Control (ACC) Glove Box
Control

Speed Control
Sunroof Control

Parking Assist
Power window
switches

Gear Shift

Exterior Door
Driving mode handles
switch

Interior Door
handles

o O O 0o O O O O O
o O O 0o O O O O O
o O O 0o O O O O O

EPB (Electronic
parking brake)

Side Mirror
adjustment
15. Do you think voice assistants could replace the

Steering Wheel following car features that currently use physical

O O O O O O O O
O O O O O O O O
O O O O O O O O

Adjustment buttons if the car maintain these physical buttons or
interaction?

Windshield
wipers and
automatic O O O 1 2 3
cleaning

Adantive Criica —~ —~ —~

hutpsiit Page 1101 18 v Page 120118

90



A SURVEY ON VOICE ASSISTANT USAGE IN CARS

Survey on Voice Assistant Usage in Cars. 2025-01-03, 17:63 Survey on Voice Assistant Usage in Cars 2025-01-03, 17:63

Glove Box
Control

e
Control

Speed Control
Sunroof Control

Parking Assist
Power window
switches

Gear Shift

Exterior Door
Driving mode handles
switch

Interior Door
handles

o O O O O
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EPB (Electronic
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Side Mirror
adjustment
16. Do you think voice assistants could replace the
Steering Wheel following car features that currently use physical
Adjustment buttons if the car no longer has these physical
buttons?
Windshield

2=
58
3d
£
1
E

O
O
O
~
w

cleaning

Adaptive Cruise
Exterior Light Control (ACC)

control

O
O
O

Speed Control
Circulation
Control

O
O
O

Parking Assist

Defogging and
Defrostting
control

Gear Shift
Driving mode
switch

Media control

Trunk/Front
Trunk Switch

EPB (Electronic
parking brake)

Side Mirror
adjustment

o O O O
o O O O
o O O O
O O O O O O O
O O O O O O O
O O O O O O O

Climate system
control
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Steering Wheel
Adjustment O O O

17. What are the main benefits you see in using voice

Windshield assistants over physical buttons in cars? (Please
wipers and «

automatic O O O select all that apply)

cleaning

] increased safety by reducing distractions
Exterior Light
control

O
O
O

[J More convenient

irculation
ontrol

O
O
O

Ci
¢ Efficiency: Quick operation execution.

Defogging and Visual impairment aid

Defrostting
control

Media control
Adaptability: Simplifies complex functions.

Trunk/Front
Trunk Switch

]
]
[T] Personalized settings
g
]

Climate system
control

Glove Box
Control

Sunroof Control

Power window
switches

Exterior Door
handles

Interior Door
handles

o O O o0 o O O O O
o O O o0 o O O O O
o O O o0 o O O O O
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18. What are your main concerns or drawbacks

regarding the use of voice assistants in cars? Thank you!

(Please select all that apply) * Your insights will help shape the future of in-car technology, making driving a
safer, more enjoyable, and convenient experience for everyone. Thank you in

[ Pprivacy issues advance for your valuable input!

[ Accuracy Issues: Voice misunderstands commands,

This content is neither created nor endorsed by Microsoft. The data you submit will be sent to

Slow Response: Delays in executing commands. the form owner.

8 Microsoft Forms
Operational Errors: Unwanted or accidental activations.
Noise Issues: Struggles in loud environments
Compatibility Problems: Issues with other devices.

Learning Curve: Time needed to learn usage.

Limited Functions: Not all needs met.

O 0Oo0ooogoad

19. Do you prefer future car to rely on voice assistants for
controlling functions rather than physical button.

o1 2 3 4 5 6 7 8 9 10

Not at all likely Extremely likely
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B Interview Questions for User Study

Introduction: When designing interview questions, the focus is on deeply understanding users’experiences,
preferences, encountered issues, and suggestions for improvement regarding the use of voice

assistants for in-car interactions. Below is a series of interview questions designed to compre-

hensively collect feedback on users’ use of in-car VUI (including Voice assistant).

Beginning
1. Are you familiar with voice assistants? (The voice assistants referred to here are broadly
defined.)

(a) How often do you use the voice assistant? And why (Any reasons behind the fre-
quency of usage)?

2. When you use a car, do you use a voice interaction assistant (car-mounted) or other voice
assistants (such as those on mobile devices)? How often do you use voice assistants?

3. As Driver or Passenger (Not only as a driver but also as a passenger):

(a) Under what circumstances do you usually use voice assistants? (For example: while
driving, when parked, etc.)
i. The reasons behind using voice assistant under these circumstances.

(b) What was your first impression when you started using the in-car voice assistant?

User Experience and Preference

If they are familiar with products and know how to use them:

1. In your use of an in-vehicle voice interaction interface (like using voice assistant), which
tasks do you frequently perform?

(a) Why do you use voice user interface (voice assistant) to help you complete these
tasks?

2. In your use of an in-vehicle voice interaction interface (like using voice assistant), does
VUI perform up to your expectations? Do you think the experience with these features
conforms to your idea of standards and norms?

(a) Which features of the VUI do you think perform well and which do not meet ex-
pectations? And why?

(b) Is this product [voice assistant] pleasant or enjoyable? (User experience)

3. What challenges or difficulties have you encountered while using the in-car voice assis-
tant?
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(a) Describe an experience where you felt the use of a voice assistant was particularly
successful (or unsuccessful).

4. If [a certain function] is used infrequently, do you think it’s acceptable to remove the
physical button corresponding to that function?

(a) Ask for the reasons in terms of the choices made in the questionnaire.
If people properly know about the voice assistant but seldom use them:

1. Why did they seldom or never use these voice assistants inside the car?
2. Ask them the requirements of voice assistant:

(a) When would you like to use voice user interface (for instance, voice assistant)? (For
example: while driving, when parked, etc.)

(b) If you are going to use an in-vehicle voice interaction interface (like using voice
assistant), which tasks would you perform?

i. Why do you choose voice user interface (voice assistant) to help you complete
these tasks?

(c) How do you think this voice interaction assistant should perform to fulfill your
expectations?

i. Which features of the VUI do you think could perform well and which could
not meet expectations? And why?

(d) What challenges or difficulties have you encountered while using the in-car voice
assistant?

1. Describe an experience where you felt the use of a voice assistant was particu-
larly successful (or unsuccessful).

About Switching Physical Features into VUI Control

1. Compared to physical buttons or touchscreens, what do you see as the advantages and
disadvantages of using Voice User Interface?

2. In which situations do you tend to prefer voice control over physical buttons? And why?

(a) Why do you use voice user interface (voice assistant) to help you complete these
tasks?

3. If (a certain function) is used infrequently, do you think it’s acceptable to remove the
physical button corresponding to that function?

(a) Could you give me the reasons behind your choice?

4. Why did you choose to use voice assistant instead of [a certain feature] with physical
buttons?

(a) Ask for the reasons in terms of the choices made in the questionnaire.

5. In what ways do you think voice assistants could offer features or experiences that would
make you prefer voice control over physical buttons?
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About the Features of Voice Assistant or Virtual Assistant

1. Response Time: Have you experienced delays in the voice assistant’s responses? How
did that affect your experience?

2. Accuracy in Task Execution: How accurately does the voice assistant perform the tasks
you request?

3. Environmental Factors: How well does the voice assistant function in different driving
conditions (e.g., noise levels, driving speed)?

4. Integration and Compatibility: Have you faced any issues with the voice assistant
integrating with other in-car systems or external devices (e.g., smartphones)?

5. User Interface: What improvements would you suggest for the voice assistant’s user
interface to make it more intuitive?

6. Customization Options: Are there any additional customization options you would like
to have for the voice assistant?

7. Feedback Mechanism: Would you prefer having a feedback mechanism to report issues
or provide suggestions directly through the voice assistant? How would you envision it
working?

About Future Expectations

1. Improvements or New Features: What improvements or new features do you hope to
see in future in-car VUI or voice assistant?

(a) If voice assistants could offer a more personalized experience, such as adjusting
their responses and suggestions based on your preferences and habits, how appeal-
ing would you find this feature? (This question must be answered.)

2. (Optional) Role and Importance: How do you see the role and importance of voice
assistant technology evolving in future automobiles?

Interview Notes

During the interview, ensure not to lead the users but feel free to provide examples (e.g., ques-
tion ”a”) to clarify the context. Note that question ”a” is compulsory for users to answer.
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C Evaluation Scale for comparative study

Instructions:

Please respond to the following questions based on your interaction experience with the voice

assistant interface. Use the following 5-point rating scale for your answers:

1 = Strongly Disagree

* 2 =Disagree
* 3 = Neutral
* 4 =Agree

5 = Strongly Agree

Dialogue Evaluation

Question

Rating Scale (1-5)

How do you rate the quality of this feedback?

Integrated Usability and User Experience Evaluation Survey (Part 1)

Questions

Rating Scale (1-5)

I think that I would like to use this interface frequently.

I found the interface unnecessarily complex.

I thought the interface was easy to use.

I think that I would need the support of a technical person to be able to use
this interface.

I found the various functions in the interface were well integrated.

I thought there was too much inconsistency in this interface.

I imagine that most people would learn to use this interface very quickly.

I found the interface very cumbersome/awkward to use.

I felt very confident using the interface.

I needed to learn a lot of things before I could get going with this interface.

I felt afraid when it was unable to work properly.

I think I would concern and evaluate its safety when using.
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Integrated Usability and User Experience Evaluation Survey (Part 2)

Questions Rating Scale (1-5)

Does this VUI help you in attaining your goals and motives?

Is this whole process(event) pleasant or enjoyable?

Does this interface confirm your expectations?

Does this event match with your standards?

Can I handle or change the event?

How certain are you about the event?

After using it, Do you prefer to rely on voice for controlling functions
rather than physical buttons?
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