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Abstract: As fully automated vehicles (FAVs) advance towards SAE Level 5 automation, the role of
in-vehicle intelligent agents (IVIAs) in shaping passenger experience becomes critical. Even at SAE
Level 5 automation, effective communication between the vehicle and the passenger will remain
crucial to ensure a sense of safety, trust, and engagement. This study explores how different types
and combinations of information provided by IVIAs influence user experience, acceptance, and trust.
A sample of 25 participants was recruited for the study, which experienced a fully automated ride
in a driving simulator, interacting with Iris, an IVIA designed for voice-only communication. The
study utilized both qualitative and quantitative methods to assess participants’ perceptions. Findings
indicate that critical and vehicle-status-related information had the highest positive impact on trust
and acceptance, while personalized information, though valued, raised privacy concerns. Participants
showed high engagement with non-driving-related activities, reflecting a high level of trust in the
FAV’s performance. Interaction with the anthropomorphic IVIA was generally well received, but
concerns about system transparency and information overload were noted. The study concludes that
IVIAs play a crucial role in fostering passenger trust in FAVs, with implications for future design
enhancements that emphasize emotional intelligence, personalization, and transparency. These
findings contribute to the ongoing development of IVIAs and the broader adoption of automated
driving technologies.

Keywords: automated vehicles; simulation study; user-centered design

1. Introduction

Automated vehicles (AVs) present a transformative opportunity in enhancing mobility,
safety, and traffic management. Their widespread adoption, however, hinges on public
acceptance and trust in these technologies [1]. The European Partnership for Connected,
Cooperative, and Automated Mobility (CCAM) [2] has emphasized the importance of
educating the public on the potential benefits of automated driving. Central to this initiative
is not only technological advancement but also fostering a relationship of trust between
users and the AV systems. User acceptance is therefore crucial for the successful integration
of AVs into mainstream transportation networks.

This research draws inspiration from the AI Mission Austria 2030 (AIM AT 2030) [3],
which emphasizes the importance of trustworthy and human-centric Al applications. A
key aspect of this initiative is ensuring that the decision-making processes of algorithms are
transparent, comprehensible, and resilient. This aligns with the current trends in human-
computer interaction (HCI), notably explainable Al and transparency, which aim to make
Al-driven decisions more understandable to users. As the level of automation in AVs
increases, so does the need for transparency in how these systems operate. In this context,
explainable Al fosters trust in automation by clarifying the reasons behind decisions made
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by the vehicle’s automated systems. The need for trust is further emphasized by the fact
that these systems must not only be technically robust but also aligned with ethical and
legal standards that prioritize human needs [4].

In fully automated vehicles (FAVs), which operate at SAE Level 5 [5], the absence
of a human driver amplifies the role of in-vehicle intelligent agents (IVIA). These agents
are designed to manage not just vehicle operations but also to engage with passengers,
tailoring the driving experience to their needs and preferences. The IVIA, acting as a virtual
companion, holds a significant responsibility in fostering a sense of control and comfort
among passengers. As the interface between passengers and the vehicle, IVIAs are tasked
with providing relevant information, offering personalized interactions, and enhancing the
overall driving experience. These elements are essential for promoting user acceptance and
trust, as highlighted by CCAM [2].

The development of IVIAs represents a crucial step in reimagining how passengers in-
teract with FAVs. As automation reaches its highest levels, passengers are no longer drivers
but observers, placing greater reliance on the systems that control the vehicle. To ensure that
passengers feel comfortable and confident in the vehicle’s automated capabilities, IVIAs
must not only provide essential information about the journey but also address passengers’
emotional and psychological needs. Despite the growing interest in IVIAs, there is still
limited research into the types of information these agents should convey. While previous
studies have predominantly focused on how information is presented—whether through
speech, visuals, or other modalities [6]—there remains a gap in understanding what specific
information passengers require from IVIAs to feel secure and informed.

This research aims to address this gap by investigating the types of IVIA-generated
information that contribute to enhancing passenger trust and acceptance in SAE Level 5
FAVs. The research explores two central research questions (RQs):

RQ 1: What impact does the type of IVIA-generated information have on passenger
acceptance and trust in FAV?
RQ 2: What types or combinations of IVIA-generated information do passengers prefer?

The scope of this investigation extends beyond merely technical aspects, delving into
human-centered design elements that prioritize the needs and preferences of passengers in
a fully automated driving environment. To achieve these objectives, this research employed
an exploratory and descriptive methodology, utilizing a driving simulator to create a
realistic environment for studying passenger interactions with IVIAs. A voice-only IVIA
prototype named Iris was developed, offering diverse types of information to simulate real-
world automated driving scenarios. This prototype serves as a foundation for exploring
the impact of IVIA-generated information on user trust and acceptance. Through a user-
centered design approach, insights were gathered from expert workshops and user studies,
leading to the development of an IVIA system tailored to passenger needs. The outcomes
of this study provide valuable recommendations for designing future IVIAs, ensuring that
they offer meaningful and trustworthy interactions that align with passengers’ expectations.

2. Theoretical Grounding and Related Work
2.1. Redefining Passenger Roles in Fully Automated Vehicles

In recent years, the development of FAVs has accelerated across both industry and
academia. This innovation is poised to redefine the role of drivers, transitioning them from
active participants in driving to passive supervisors during automated driving phases [7].
As we enter the era of FAVs, drivers are no longer required to perform driving-related tasks,
effectively transforming them into passengers [8]. The shift toward FAVs enables passengers
to engage in non-driving-related activities (NDRA) such as leisure, productivity, or social
interactions [8]. FAVs are expected to enhance passengers’ ability to fully participate in these
activities while on the move, with popular examples including leisure and relaxation, like
reading, playing games, or watching movies—activities particularly favored by potential
FAV adopters [9,10]. Passengers may also engage in social activities, such as using social
media or conversing with others in the vehicle, or use the freed-up driving time to boost
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productivity, catching up on work, making phone calls, or sending emails [9,10]. However,
the degree to which passengers engage in these activities is largely dependent on their level
of trust in the automated system, making trust a critical enabler of NDRA engagement [11].

The Society of Automotive Engineers (SAE) [5] defines six levels of vehicle automation,
ranging from Level 0 (no driving automation) to Level 5 (full driving automation). At
Levels 0-2, drivers still need to be actively engaged, whereas Levels 3-5 are categorized
as “automated driving functions”, where the vehicle assumes control without requiring
human intervention [12]. At Level 5, the vehicle can drive everywhere under all conditions.
The progression toward SAE Level 5 presents substantial technological challenges, and
while this level is still under development, major automotive companies, such as Waymo
(www.waymo.com, (accessed on 21 January 2024)), BMW, Tesla, and Ford, are investing
heavily to bring it to market [13,14]. The availability of consumer-level automation remains
at Level 2, with experimental testing underway for Level 4 systems in certain public
transportation projects [15]. Although Level 5 automation would not require a human
driver, maintaining situational awareness of the vehicle’s status is essential for building
trust in the system. Studies show that situational awareness enhances trust in automation
and leads to improved performance in secondary tasks [16]. Therefore, ensuring continuous
situational awareness is paramount in increasing user trust in FAVs [7,16-18].

2.2. Trust and Acceptance in Automated Vehicles

Trust in automation is a critical factor for the success of FAVs. Lee and See [19] define
trust in automation as the belief that an agent will assist in achieving an individual’s
goals, particularly in situations marked by uncertainty and vulnerability. Their trust
model describes a feedback loop between the user and the automated system, where
the information provided by the system informs trust formation and gradually leads to
trust development. Trust in automation encompasses three key dimensions: performance,
which refers to the system’s ability to perform tasks reliably; process, which focuses on
the method or approach taken by the system and its impact on user comfort; and purpose,
which relates to how well the system’s actions align with its intended design goals [19].
A lack of trust remains a significant barrier to the adoption of FAVs, despite their many
benefits, such as increased safety, reduced emissions, and enhanced accessibility [20-22].
Vongvit et al. [23] identified the top 10 key factors influencing trust in FAVs, including
safety, familiarity, security, risk, understanding of AVs, reliability, comfort, technological
capabilities, situational awareness, and trust. Ensuring that the FAV provides transparent,
timely vehicle information is a crucial step toward fostering trust [24,25].

Acceptance of FAVs depends on users’ willingness to adopt the technology for its
intended purposes [26]. Research has demonstrated that higher expectations are corre-
lated with greater acceptance and usage of automated systems [22,27,28]. Expectations
influence acceptance both directly and indirectly, as they shape favorable attitudes and
trust in the vehicle [22,29,30]. Trust in full automation is one of the most significant factors
influencing user acceptance [31], with trust in technology being essential for its successful
deployment [32].

2.3. The Role of Intelligent Agents in Enhancing Autonomous Vehicle Experiences

The concept of intelligent agents has been increasingly applied in automotive environ-
ments. Broadly speaking, an intelligent agent is a computing system capable of executing
tasks autonomously, adapting to its environment, and interacting with users [33,34]. The
three core dimensions of an intelligent agent are [6,35,36]:

*  Agent: Defined by its autonomous, adaptive, and context-aware operations.

e Intelligence: Reflected in its ability to learn, reason, and comprehend diverse environments.

¢  Human-likeness: Encompasses aspects like appearance, behavior, and personality,
which align with users’ subconscious preferences for human-like attributes in artifi-
cial systems.
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IVIAs play a crucial role in bridging the gap between human users and automated
driving systems. These agents support both driving and non-driving tasks, providing
vital information, feedback, and emotional support [34]. In FAVs, IVIAs facilitate user
understanding of system functions, vehicle behavior, and safety decisions, significantly
contributing to trust and system transparency [6]. The design of IVIAs encompasses several
critical attributes, including voice style, speech characteristics, and embodiment. Voice
is particularly influential in shaping user perception, as speech style and tone can evoke
perceptions of urgency, competence, or warmth [37]. Wang et al. [38] explored the interac-
tion between speech style (informative vs. conversational) and embodiment (voice-only vs.
robot), revealing that conversational agents foster higher levels of likability and perceived
warmth, while robot agents enhance competence and reduce perceived workload.

2.4. In-Vehicle Intelligent Agents: Bridging Passengers and Automation

Several studies have examined the impact of IVIAs on driver and passenger experi-
ences in FAVs. For instance, Large et al. [39] investigated three interfaces—an anthropomor-
phic agent, a voice-command interface, and a conventional touch surface—and found that
the anthropomorphic agent was the most trusted and positively perceived interface. How-
ever, concerns about transparency in decision-making processes, such as risk assessment,
were raised, indicating a need for further research on system transparency.

Contrary to expectations, the study conducted by Dong et al. [40] suggests that embod-
ied agents do not always enhance user trust. This finding emphasizes the importance of
context in the design and deployment of IVIAs. Additionally, Dandekar et al. [41] advocate
for implicit methods of conveying vehicle information, particularly in Level 5 FAVs where
passengers are immersed in NDRA activities. Despite the growing body of research on
IVIAs, there is a notable gap regarding the content of the information that IVIAs should
communicate to passengers in FAVs. Current research has predominantly focused on the
methods of communication (e.g., voice style, conversational strategies) rather than the
specifics of what information should be delivered [6].

Lee and Jeon [6] offer recommendations for IVIA design, which serve as a foundation
for future development. These recommendations include considering the agent’s intelli-
gence, human-likeness, and system perspective, as well as ensuring that IVIAs align with
SAE automation levels. Moreover, the design of IVIAs should account for factors such as
agent characteristics, information presentation, and the nuanced verbal and non-verbal
attributes necessary for enhancing user experience.

3. Iris, the In-Vehicle Intelligent Agent

In order to answer our research questions, we designed and implemented an in-vehicle
intelligent agent called Iris inside a driving simulator. In the following we describe the
technical setup, design decisions, and implemented types of information to be utilized in
the upcoming study.

3.1. Technical Setup and Simulation Process

The study was conducted in the driving simulator lab of the Division of Human-
Computer Interaction at the University of Salzburg, specifically chosen to provide partici-
pants with a highly realistic experience of an IVIA in an SAE Level 5 automated vehicle
environment. The simulator was designed to replicate a real vehicle, utilizing a full-scale
chassis modeled after a compact car with seating for five occupants. The simulated driving
scenario was projected onto a large screen, creating an immersive driving experience. The
SCANeRstudio (www.avsimulation.com/en/scaner, (accessed on 21 January 2024)) soft-
ware by AVSimulation was used to simulate the SAE Level 5 scenario, projecting the virtual
drive onto the screen. Since the simulation emulated an FAV, both the steering wheel and
pedals were disengaged.

The driving scenario, which lasted approximately 20 min, was carefully designed to
be realistic and engaging, taking participants from a driveway in the city center, through
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rural roads, and onto a highway, before reaching the final destination at a congress center.
This route included a total of ten events, which were communicated to the participants
through the IVIA, as depicted in Appendix A. The events were deliberately chosen to
avoid implausible or unrealistic situations, ensuring the scenario remained grounded and
relatable for participants.

To maintain a realistic experience without overwhelming the participants, the types of
information provided by the IVIA were categorized into three main types: critical, relevant,
and personalized, as shown in Table 1. Appendix B shows the timeline of information
delivery throughout the 20-min drive. Critical information, such as sudden heavy rain
or the approach of an emergency vehicle, was triggered less frequently, with only two
critical events. In contrast, relevant information, which pertained to vehicle status, route
information, and navigation, occurred more often, providing updates based on real-time
conditions such as highway entrances or construction sites. Personalized information, which
appeared three times, included notifications tailored to the participant’s preferences, such
as playing a personalized playlist or suggesting points of interest along the route. The
careful distribution of information ensured that participants were not distracted by constant
notifications, allowing them to engage with NDRA and relax during the ride. An overview
of the whole driving scenario can be found in Table A1 and here (https://drive.google.com/
file/d/136ZrY4BN054NunvAoDCVWypB2dySHsEs/view?usp=drive_link, (accessed on
21 January 2024)).

Table 1. Information provided by In-Vehicle Intelligent Agent.

Critical Information Relevant Information
Safety-related information Entertainment & media Vehicle status & diagnostics
. . . . . Navigation & route
Vehicle status & diagnostics ! Personalized assistance V& .
information

Communication &
connectivity

1 Urgent information (e.g., oil change alerts).

3.2. IVIA Characteristics and Interaction

Building on prior research and design recommendations [6], the IVIA in this study
was designed as a voice-only, anthropomorphic agent named Iris. The agent utilized the
Amazon AWS Polly text-to-speech platform, employing the US female voice model to
deliver clear, conversational, and human-like communication. This voice was specifically
chosen to create a sociable yet non-intrusive interaction style, balancing naturalness with
the need for concise information delivery. The IVIA operated within a driving simulator
equipped with SCANeRstudio software, replicating SAE Level 5 automation. The simulator
featured a compact vehicle chassis, accommodating up to five occupants and including
a projector-based screen for environmental visuals. The steering wheel and pedals were
deactivated to simulate full automation.

Iris was embedded within the SCANeRstudio platform, enabling seamless integration
of its information dissemination roles with the simulated driving environment. It played a
multi-functional role, providing passengers with real-time updates on vehicle diagnostics,
route planning, safety events, and critical alerts. For example, Iris could announce: “I have
completed a comprehensive diagnostics check, and I am pleased to inform you that all systems are
operating optimally”. Additionally, Iris was capable of conveying dynamic, context-specific
messages, such as adjusting the route due to traffic conditions or notifying passengers
about an approaching emergency vehicle.

To ensure accurate simulation of interaction, the Wizard-of-Oz method [42] was em-
ployed. This involved the researcher manually triggering pre-recorded responses via a
custom-built sound control interface. The interface consisted of 13 buttons, each mapped
to a specific IVIA message aligned with scenario events. This allowed Iris to deliver timely
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and contextually appropriate responses. Participants could also request Iris to repeat a
message, which was facilitated through the sound control system.

From a technical perspective, Iris was programmed to interact across three primary
categories of information: critical, relevant, and personalized. For example, critical informa-
tion included real-time notifications about safety events (e.g., sudden weather changes or
emergency vehicles), relevant information encompassed vehicle status updates and naviga-
tion details, and personalized information was tailored to the passenger’s preferences, such
as initiating a pre-selected playlist. The ability to customize responses based on pre-study
questionnaires added a layer of personalization, fostering greater user engagement.

3.3. Categorization of Information

A key aspect of the IVIA design was the systematic classification of information types
into three overarching categories: critical, relevant, and personalized.

Critical information: This category includes urgent and safety-related messages that
require immediate passenger attention. Examples include emergency notifications and
collision warnings. Such information is crucial for maintaining passenger safety and
ensuring that the AV can respond effectively to potential risks and emergencies.

: This category encompasses information that, while not urgent,
is essential for the quality and efficiency of the journey. Relevant information includes
navigation updates, vehicle status reports, and route-related data. Providing passengers
with timely updates on vehicle performance and road conditions is essential for building
trust and ensuring a smooth journey. Events like highway entrances, construction sites,
and pedestrian crosswalks are examples of relevant information.

Personalized information: This category focuses on the customization of the pas-
senger experience, offering personalized assistance based on user preferences. This could
include playing a favorite playlist, providing updates from a connected smart home, or
offering recommendations for points of interest along the route. Personalization enhances
the passenger’s engagement and comfort, creating a more user-centric experience within
the AV. A more detailed breakdown of these categories and their respective information
types is provided in Appendix A and summarized in Appendix B.

4. Study Setup

This section outlines the study procedure, including the phases each participant
underwent and the tools employed to assess their interaction with the IVIA in an SAE
Level 5 AV environment. The study was structured into three distinct phases, and each
participant required approximately 45 to 60 min to complete all phases.

4.1. Phase 1: Welcome, Informed Consent, Pre-Study Questionnaire, and Briefing

Upon arrival at the driving simulator lab, participants were greeted and given an
overview of the study’s objectives and schedule. The briefing began with the participants
signing an informed consent form, which was followed by a pre-study questionnaire.
This questionnaire collected demographic data, mobility patterns, prior experience with
AVs, and interactions with voice agents. Additionally, participants were asked about their
preferred music genre, which was later used to customize the in-vehicle experience with
personalized playlists. Next, participants were introduced to the driving simulator, which
replicates an FAV experience. They were briefed on the driving scenario, the IVIA’s role
in providing different types of information, and how they would interact with the system
throughout the ride. Notably, they were seated in the driver’s seat to simulate the realistic
perspective, though the vehicle was fully automated with no operational steering wheel or
pedals. Participants were informed that they could engage in various NDRA during the
simulation, including reading a magazine or playing games on a pre-loaded tablet. They
were also allowed to use their smartphones, provided no headphones or loud media were
used (Figure 1). This freedom to choose an NDRA was intended to evoke a relaxed, natural
state during the simulation. Finally, participants were instructed to imagine attending a
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conference at a congress center and told they could communicate with the Iris, using voice
commands (e.g., “Hey Iris, please repeat”). This phase concluded with an opportunity for
participants to ask clarifying questions.

LA\

LT AUPUTI AP PR R

Figure 1. Participant reading and playing games while driving in FAV.

4.2. Phase 2: Ride in the Simulator and Mid-Study Questionnaires

Following the briefing, participants began the 20 min simulated ride. Iris provided
information based on the vehicle’s environment, route, and passenger preferences. As
noted before, the types of information delivered during the drive were categorized into
critical information (e.g., emergency vehicles), personalized information (e.g., preferred
playlists), and relevant information (e.g., vehicle status and navigation updates). After each
information announcement from Iris, participants were prompted to immediately complete
a short version of the Van der Laan User Acceptance Questionnaire (UAQ) [43], assessing
the relevance, clarity, and acceptability of the information provided. Participants were given
30-60 s to complete each questionnaire, but the driving scenario continued uninterrupted.

4.3. Phase 3: Post-Study Questionnaire, Motion Sickness Assessment, Interview, and Debriefing

Upon completion of the simulator ride, participants were interviewed in a semi-
structured format. These interviews, lasting between 5 and 10 min, aimed to capture
detailed insights into their experience with the IVIA and the FAV. Audio recordings of the
interviews were made for later analysis. The interview questions primarily focused on
the types of information provided during the ride, the user’s subjective experience, and
suggestions for improving the system. Specifically, participants were asked to provide
feedback on the three main categories of information: critical, personalized, and relevant.
They were also asked if they felt any additional information or visual cues were missing
during the ride. Following the interview, participants completed a post-study questionnaire.
This questionnaire contained several standardized scales to measure trust, acceptance, user
experience, and speech system interfaces. These included the Situational Trust Scale for
Autonomous Driving (STS-AD) [44], Subjective Assessment of Speech System Interfaces
(SASSI) [45], Car Technology Acceptance Model (CTAM) [46], and User Experience Ques-
tionnaire (UEQ) [47]. Additionally, a newly developed Relevance of Information Types
(RIT) scale was administered to assess the perceived importance of the different types of
information participants received during the ride.

The final part of the questionnaire assessed whether participants experienced any
motion sickness symptoms, which is a common issue in simulator-based studies. The
session concluded with a debriefing, where participants were thanked for their participation
and offered light refreshments before being escorted out of the facility.

4.4. Participants

A total of 25 participants took part in this study. While there is no universally ac-
cepted number of participants for user experience studies in the context of human-vehicle
interaction, previous literature suggests that the average number is approximately 33, as
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reported by Capallera et al. [7]. The number of participants in this study aligns with this
range, considering the exploratory nature of the research.

Participants were recruited through mailing lists, social media, and university net-
works at the University of Salzburg and Salzburg University of Applied Sciences. Selection
criteria required participants to be at least 18 years old, with no hearing impairments or
health conditions that could affect their experience in the driving simulator (e.g., pacemaker
or epilepsy). No financial compensation was provided for participation.

5. Results

This chapter presents the findings of the research questions explored through the
driving simulator study. To offer a clear and structured analysis, the results are divided
into sections covering pre-, mid-, and post-questionnaire results. Both qualitative and
quantitative data were collected and analyzed using IBM SPSS Statistics Version 29 and
Microsoft Excel Version 16.

A total of 25 participants took part in the study, of whom 17 were female and 8 male.
The participants’ average age was 30.96 years, with a standard deviation of 6.46 years. The
age range spanned from 24 to 54 years. Nearly all participants (24 out of 25) held a valid
driver’s license, with an average licensing duration of 12 years (ranging from 3 to 34 years).
Regarding their living environments, 18 participants resided in urban areas, 4 in suburban
areas, and 3 in rural settings.

5.1. Pre-Study Questionnaire Results

The pre-study questionnaire provided insights into the participants’ demographics,
mobility habits, and prior interactions with ADAS and voice assistants, offering a founda-
tional understanding of the study sample.

Mobility Patterns: Participants were asked about their most frequently used modes
of transportation, with the option to select multiple responses and assign proportional
usage rates, totaling 100%. The data revealed that 22 out of 25 participants predominantly
cycled as part of their daily routine, accounting for 30.8% of their transportation habits. In
comparison, 20 participants reported using their private car regularly, but this accounted
for only 20% of their overall transport activity. Public transport, although used by fewer
individuals (18 participants), represented 27% of their transportation modes, suggesting
that while less utilized, it is a more frequent method of commuting for those who rely on
it. Walking was chosen by 20 participants, representing 18% of transportation frequency.
Commuting distances were also explored, particularly in relation to the Austrian commuter
tax incentives (Pendlerpauschale). Only 24% of participants reported commuting more than
20 km daily, highlighting a smaller segment of long-distance commuters among the sample.

Advanced Driver-Assistance Systems (ADAS): Out of the 25 participants, 10 reported
active use of ADAS features in their vehicles. The most commonly used systems were
cruise control (8 participants) and parking assistance (8 participants), followed closely by
lane-keeping assistance (4 participants). More advanced technologies such as blind spot
sensors and braking assistance were utilized by a smaller subset of participants. Notably,
only one participant reported the use of adaptive cruise control, reflecting the limited
penetration of higher-level ADAS features among the study sample. Additionally, only
9 participants had prior experience with a Level 2 AV, suggesting minimal direct exposure
to higher-level automation.

Voice Assistants: In terms of voice assistants, 40% of participants (10 individuals)
stated that they had never used one. Of the remaining participants, 36% (9 individuals)
reported infrequent use, while 16% (4 individuals) used voice assistants rarely. Only two
participants indicated frequent use. The primary applications for voice assistants included
quick web searches, checking weather forecasts, playing music, making calls, setting timers,
controlling smart home devices, navigating, and sending messages.
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5.2. Mid-Study Questionnaire Results

The mid-study questionnaire aimed to assess participants’ perceptions of the informa-
tion provided by Iris throughout the driving simulation. After each piece of information
was delivered, participants completed the UAQ [43]. This section presents the overall
ratings of the different types of information and compares their perceived relevance, useful-
ness, and alertness. During the simulated ride, participants received a total of ten pieces of
information, categorized into three types: critical information events, personalized informa-
tion (3 events), and relevant information events, as described in detail in Table Al. Figure 2
provides an overview of the UAQ ratings assigned to each information type. The graphs
show that, with the exception of information 8 (which pertained to building-related details,
as described in Table A1), all other information types were rated positively, indicating that
they were perceived as useful, likeable, and alerting. In contrast, information 8 received
moderate to negative ratings, setting it apart from the other items.

Ratings of IVIA Information during the Ride

Info 1
Useful Useless ®-1)

Nice Annoying
Likeable ) Irritating
Assisting Worthless

Raising alertness Sleep inducing

1 2 3 4 5
Figure 2. Rating overview of all IVIA-generated information.

To examine whether the observed differences in ratings were statistically significant, a
Wilcoxon Signed Ranks test was conducted. The results, summarized in Table 2, revealed
that information 8 differed significantly from all other information items. Additionally,
significant differences were observed between several pairs of information messages, such
as information at event 8 and 2, 8 and 3, 8 and 5, 10 and 5, 8 and 6, 8 and 7, 9 and 7, and
10 and 8. The information and event details can be found in Table Al. These findings are
consistent with the visual representation in Figure 2.

Table 2. Overview of significant differences in information.

8&1 8&2 8&3 8&5 10& 5 8&6 8&7 9&8 10 & 8

z -3.816 —3.88 —3962 —3.871 3340 —-3.848 —4.110 -—-3.783 —4.206
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

When the information was grouped into categories—Relevant, Personalized, and
Critical—a Friedman test indicated significant differences among the three categories
(x? = 8.061, p = 0.018). To explore these differences further, a Wilcoxon Signed Ranks Test
was performed. While no significant difference was found between the personalized and
relevant categories, the critical information was rated significantly higher than both the
Relevant and Personalized information.

In the critical category, participants rated the information significantly more positively
in terms of its usefulness and ability to raise alertness compared to the relevant information
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(z=—2.576, p = 0.010). For alertness specifically, critical information was more effective
than relevant information (z = —2.119, p = 0.034).

Similarly, significant differences emerged between the personalized and critical cate-
gories (z = —2.844, p = 0.004). Participants found critical information significantly more
useful than personalized information (z = —2.736, p = 0.006), and it was rated much higher
in terms of assistance provided (z = —3.763, p < 0.001).

No significant differences in information ratings were observed between male and
female participants. Similarly, participants with ADAS experience did not exhibit significant
differences in their evaluations. Furthermore, there were no notable differences among
participants who had prior experience with Level 2 AVs.

5.3. Post-Study Questionnaire Results

The following results present key findings from the post-study questionnaires. The
questionnaires evaluated participants” trust, acceptance, and user experience with an FAV
equipped with an IVIA.

The Situational Trust Scale for Automated Driving (STS-AD) was utilized to as-
sess participants’ trust in the automated driving experience across six dimensions: trust,
performance, non-driving-related tasks (NDRT), risky driving situations, judgment, and
reaction. A 5-point Likert scale was employed, with 1 indicating “strongly disagree” and
5 representing “strongly agree”.

The results (Figure 3) show that the trust, NDRT, and reaction scales were rated
significantly above average, suggesting that participants had strong trust in the vehicle’s
automation. Many participants felt safe enough to engage in NDRTs, such as reading
or playing games, during the drive. Performance, risk, and judgment scales received
more moderate scores. Although participants were satisfied with the vehicle’s overall
performance, they perceived the vehicle’s decision-making in certain scenarios as cautious
but competent. Notably, participants did not feel that the FAV was making unsafe decisions,
and none of the driving situations were deemed particularly risky. This level of trust was
crucial for passengers to feel comfortable delegating control to the automated system.

Results from the Car Technology Acceptance Model (CTAM) consolidated partici-
pants’ ratings into five categories, using a 5-point Likert scale (Figure 4). Overall, partic-
ipants expressed high performance expectancy towards the IVIA, agreeing that it made
travel faster, more secure, and more engaging. The interaction with the IVIA was rated
positively, reinforcing the trust results from the STS-AD.

The results indicated that participants found the IVIA highly useful in aiding their
journey and expressed an overall positive attitude towards using such a system in future
automated vehicles. Interestingly, in the anxiety category, participants rejected the notion
that the IVIA could be a source of concern or could potentially cause accidents. Despite
perceiving the IVIA as requiring heightened attention, they did not feel that this detracted
from their sense of security. Most participants expressed that they would willingly use the
IVIA again, suggesting high overall acceptance.

The Subjective Assessment of Speech System Interfaces (SASSI) was employed to
gauge participants’ perceptions of the IVIA’s voice interface (Figure 5). Three scales were
measured: likeability, cognitive demand, and speed. A 7-point Likert scale was utilized,
where 1 indicated “strongly disagree” and 7 represented “strongly agree”.

All three scales were rated positively, indicating that participants found the IVIA’s
communication to be pleasant, clear, and efficient. Likeability was particularly high, as
participants described the interaction as enjoyable and friendly. The low cognitive demand
of the system suggests that the voice interface was intuitive, and the interaction was
perceived as sufficiently fast. These findings emphasize the effectiveness of the IVIA as a
user-friendly interface, further promoting trust and acceptance.

The User Experience Questionnaire (UEQ) provided a broad evaluation of partici-
pants” experiences, measuring dimensions such as perspicuity, novelty, and trust using
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a 7-point Likert scale (Figure 6). Across all dimensions, participants’ responses leaned

towards the positive end of the scale.

Situational Trust Scale for Automated Driving
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Figure 3. Situational Trust Scale for Automated Driving (n = 25).

Car Technology Acceptance Model
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Figure 4. Car Technology Acceptance Model (1 = 25).

The IVIA was rated as highly understandable, and participants indicated that they
found it easy to learn and use, reinforcing previous findings from the SASSI. Although the
novelty of the system was rated positively, there were some reservations about transparency.
This dimension, which refers to the system’s ability to clearly convey its actions and
decisions, was rated more moderately, suggesting that further improvements could enhance
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user trust in understanding IVIA’s decision-making processes. Trust ratings were generally

positive, reaffirming the results from the STS-AD and CTAM.

Figure 5. Subjective Assessment of Speech System Interfaces (1 = 25).
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Figure 6. UEQ with trust, novelty and perspicuity scales (1 = 25).
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Participants rated different types of information provided by the IVIA in terms of
importance using the Ratings of Information Types (RIT) questionnaire. The RIT scale was
developed to evaluate participants’ perceptions of the importance of different categories
of IVIA-generated information, such as critical, relevant, and personalized information.
The scale was designed using a 5-point Likert system ranging from “not important at
all” to “very important”. Its development was informed by a systematic review of prior
research on IVIA information types and user preferences in automated vehicles, as well as
feedback from HCI experts during a pilot phase. This pilot phase involved a small group
of participants who tested the scale for clarity, reliability, and ease of use. Modifications
were made based on their feedback to ensure the scale accurately captured participant
priorities. The RIT scale results, presented in Figures 7 and 8, provide insights into the
perceived importance of 17 subcategories of vehicle diagnostics, safety-related notifications,
and personalized recommendations.

Importance of Information Types provided by IVIA

o

1

Safety-related Vehicle status and Navigation and Entertainment and Personalized Communication and
information diagnostics route information media assistance connectivity

Figure 7. Ratings of information types.

The critical information category, which encompassed safety-related data (e.g., emer-
gency notifications), received the highest importance ratings. Information regarding vehicle
status and diagnostics was deemed particularly crucial, followed by communication and
connectivity features. In contrast, personalized information such as smart home integration
and points of interest were rated as less essential by most participants. However, customiz-
able options for personalized assistance, such as calendar updates, were highly valued.

Within the relevant information category, navigation and route information were
considered moderately important, with turn-by-turn directions receiving lower ratings
compared to other types of information. Participants demonstrated varying preferences for
the amount and type of information delivered by the IVIA, indicating the importance of
adaptable and customizable settings to meet individual needs.
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Importance of Information Types provided by IVIA
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Figure 8. Ratings of information types sub-categories.

Semi-structured interviews were conducted to gather more in-depth insights into
participants” experiences and preferences. An affinity diagramming method was employed
to categorize participants’ feedback into four major themes: critical, personalized, relevant
information, and general feedback.

Critical information, such as emergency vehicle alerts and sudden weather changes,
was generally well-received, with participants valuing the added sense of security. How-
ever, some participants felt this information could be more concise, as they could inde-
pendently perceive these events. Feedback on personalized information, such as music
playlists and calendar updates, was mostly positive, with many participants appreciating
the IVIA’s ability to offer tailored recommendations. Nonetheless, a small subset expressed
concerns about data privacy and the unnecessary provision of irrelevant information (e.g.,
points of interest in familiar cities). In terms of relevant information, pedestrian crossing
notifications and freeway approach alerts received mixed feedback. Some participants
appreciated the reassurance provided, while others considered the information redundant,
trusting the FAV to make appropriate decisions autonomously.

Finally, the general feedback section revealed that most participants preferred a com-
bination of visual and auditory information. While many were satisfied with the IVIA’s
communication style, some suggested that the tone could be more concise and less exag-
gerated. Concerns about security, privacy, and the potential for hacking were raised by
a few participants, alongside ethical dilemmas like the trolley problem [48]. Participants
generally agreed that the IVIA improved their overall user experience, with a notable
increase in trust and acceptance of FAVs.

6. Discussion

This study examined the experiences of participants during a fully automated ride
facilitated by an IVIA. The findings, derived from both qualitative and quantitative data,
illuminate the multifaceted relationship between the information types provided by IVIAs
and passenger trust and acceptance of FAVs. The overall evaluations reveal a predominantly
positive perception of the IVIA, with participants praising its clarity, user-friendliness,
novelty, and trustworthiness. However, some concerns regarding its transparency emerged.

6.1. RQ 1: Impact of Information Types on Passenger Acceptance and Trust in FAV

The successful integration of IVIAs in FAVs is predicated on user acceptance, which
hinges on the trust users place in the technology. Research indicates that trust is influenced
by a comprehensive understanding of the system [31]. Our study demonstrated a high
level of trust in the IVIA, as evidenced by participants” willingness to engage in NDRAs
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during the ride. Specifically, 24 out of 25 participants reported engaging in leisure activities
such as reading or playing games, indicating a strong sense of security in the system’s
performance. This aligns with prior findings that providing explanations before the system
operates enhances trust [49].

While participants rated the FAV’s performance as moderate to good, they did not
believe they could outperform the vehicle, further reflecting their trust in its decision-
making abilities. However, the laboratory environment’s unthreatening nature may have
contributed to this high trust level, suggesting that real-world testing is needed for more
conclusive insights.

Participants valued the IVIA’s provision of critical information about the vehicle’s
status and behavior, which previous research has shown enhances trust in automated
vehicles [25,50-52]. Notably, critical information received higher ratings than relevant
information, with participants articulating the importance of knowing the vehicle’s actions.
As one participant expressed:

“I can’t intervene, but it’s still useful to know that it [IVIA] adjusts the speed. That gives
me a feeling of security.” (Event 6: Sudden heavy rain)—P.20

This finding is corroborated by our analysis, which indicated a significant difference
between the two categories, with critical information proving more effective in raising
alertness. As another participant noted:

“The information was helpful because it made you realize, ok, something is happening
abruptly.” (Event 10: Emergency Vehicle Information)—P.12

Despite the generally positive ratings, it is essential to consider that familiarity with
the IVIA may evolve over time. As users become accustomed to the system, their pref-
erences for the types of information provided may shift, suggesting a longer test period
is required for sustained user engagement. Participants expressed a desire for the option
to access personalized information when traveling in unfamiliar areas, yet many voiced
concerns about privacy and data access. They indicated a preference to grant permission
for personalized information access, reflecting the need for transparent data practices.

6.2. Interaction with the IVIA

The performance of Iris received mostly positive evaluations. Participants described
their interactions as pleasant, friendly, and enjoyable, consistent with findings by Lee
and Jeon [6], which highlight the advantages of anthropomorphic interfaces in various
applications. The interaction was deemed calm, with participants appreciating the speed
and clarity of responses.

Interestingly, anthropomorphic interfaces have been shown to enhance user experience
and trust. For instance, Large et al. [39] found that anthropomorphic agents received
the highest trust ratings and significantly enhanced participants” pleasure and sense of
control during their travel experience. However, unlike previous studies advocating for
the incorporation of avatars or embodied agents, our research revealed that a voice-only
interaction was often preferred by participants, who cited concerns about visual distractions.
Most participants indicated that the voice interaction with the IVIA was sufficient, although
many expressed a desire for vehicle-relevant information to be presented visually, such as
through a head-up display.

“I liked the assistant telling me their reasoning for things. There’s a construction site, so
I'm slowing down. But I did not like them telling me how to feel. Stay calm; don’t worry;
I've got it covered. It felt a little bit condescending.” (Event 10: Emergency Vehicle
Information)—P.5

A critical concern that emerged from the discussions was transparency in the IVIA’s
decision-making process. Participants emphasized the need for better understanding
regarding how the system assesses risks and formulates responses. This echoes the findings
of Lee and See [19], who advocate for making automation processes more comprehensible
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through the disclosure of intermediate results. Participants suggested that distinct tones in
notifications could improve clarity, allowing them to differentiate between critical, relevant,
and personalized updates more effectively.

6.3. RQ 2: Information Types

The provision of information regarding the vehicle’s status and behavior is paramount.
Prior research has established that effectively presenting vehicle information not only
enhances trust but also positively influences user experience [25,50,52]. Our analysis re-
vealed that all six categories of information—safety-related information, vehicle status and
diagnostics, navigation and route information, entertainment and media, personalized
assistance, and communication and connectivity—held significant importance to partici-
pants. Among these, vehicle status and diagnostics emerged as the most crucial category,
followed closely by safety-related information and communication/connectivity. Based on
our findings, we propose a hierarchy of preferred information types generated by IVIAs for
FAV, as shown in Table 3. These results underscore the increasing importance of vehicle and
safety-related information in Level 5 automation, where occupants have the opportunity
to engage in NDRAs due to the absence of driving tasks. Our findings indicate that navi-
gation and route information remain critical in SAE Level 5 automation, likely reflecting
participants’ limited experience with the IVIA.

Table 3. Hierarchy of preferred information types generated by IVIAs for FAVs.

Types
Vehicle status and diagnostics ! vehicle health battery level maintenance alerts
Safety-related information emergency notification collision warnings sudden changgs in weather
conditions
hands-free calling message notification
In-vehicle media control news and updates music and audio
. . . . L turn-by-turn direction
Navigation and route information traffic updates construction sites -
(navigation)
personalized

Personalized information

calendar and reminders smart home integration

recommendations

! Depending on urgency.

6.4. Limitations

This study had several limitations. A limitation of this study is the relatively narrow
age range of participants (mean age of 30.96 years, SD = 6.46), which may limit the gen-
eralizability of the findings across broader demographics. Future research should aim to
include a more diverse age range to better account for potential differences in comfort
with and acceptance of new technology across various age groups. The events within the
driving scenario were not randomized, potentially introducing bias toward information
types presented at later stages. Additionally, participants’ views may have been influenced
by their current experiences with vehicles, which could have shaped their perceptions
of IVIAs. A long-term study is warranted to generate more precise data on information
preferences and usage patterns over time.

A limitation of this study lies in its focus on SAE Level 5 FAVs, despite the fact that
Level 4 systems are not yet widely available, and most consumer vehicles currently operate
at Level 2. This technological gap may affect the applicability of the findings, as participants’
trust and acceptance were based on hypothetical scenarios rather than tangible experiences.
Future research should consider intermediate levels, such as Level 4, to better bridge this
gap and provide a more incremental understanding of how IVIAs can influence passenger
trust and acceptance as automation technologies evolve.
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Furthermore, economic, societal, and environmental challenges remain to be addressed
before widespread adoption of FAVs can occur. Trust and apprehension are significant
barriers for users who must feel confident in the technology to embrace it fully [23].

7. Conclusions and Future Work

As fully automated vehicles (FAVs) progress towards SAE Level 5 automation, in-
vehicle intelligent agents (IVIAs) are pivotal in shaping the passenger experience, par-
ticularly in fostering trust and acceptance. This study investigated how different types
of information provided by IVIAs influence passengers’ trust, acceptance, and engage-
ment in non-driving-related activities. A diverse sample of 25 participants interacted with
Iris, a voice-only IVIA, within a fully automated driving simulator. Both qualitative and
quantitative analyses revealed that critical and vehicle-status-related information had the
strongest positive impact on user trust and acceptance, whereas personalized informa-
tion, though appreciated, raised privacy concerns. Participants’ active engagement with
non-driving activities indicated high trust in the FAV’s safety and reliability. Interaction
with the anthropomorphic agent was largely positive, though transparency in the system’s
decision-making process and potential information overload emerged as concerns.

This research underscores the importance of IVIAs in improving user experience and
contributing to the broader acceptance of automated vehicles. Future design improvements
should emphasize emotional intelligence, personalized experiences, and increased system
transparency to further strengthen passenger trust in FAVs. The findings offer a founda-
tion for future studies aimed at advancing IVIA development, ultimately supporting the
seamless integration of FAVs into everyday transportation systems.
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Appendix B

Table Al. Description of In-Vehicle Intelligent Agent messages.

Simulation Scene

IVIA Message

(Event 1) 00:14—Before starting

"Hello, I am your virtual agent, Iris. It seems you are ready. My sensors are continuously monitoring
the surroundings for any potential obstacles. I have completed a comprehensive diagnostics check,
and I am pleased to inform you that all systems are operating optimally”.

01:00—Destination

“What is our destination?”

Here, the participants tell Iris to drive to the congress center.

(Event 2) 01:15—Starting to drive

“Alright! The destination has been set to Congress Center. The Congress Center is 20 km away from
here! My battery charge level is at 75%, providing us with sufficient power to complete the journey.
Currently, the weather is 20° but it may rain during the day. I am excited to drive with you. I will
start the engine”.

(Event 3)

“Would you like me to play your favorite playlist to relax during the ride?”

If the answer is “Yes”, Iris answers with “Alright” and the previously selected music type
will be initiated for playback. If the answer is “No”, Iris answers with “Alright” and proceed
without initiating music playback.

(Event 4) 04:20—Crosswalk

“There are many pedestrians on this stretch who might cross the road. I therefore drive at a safe speed
of 40 km/h”.

(Event 5) 08:00—Freeway

“We are about to enter the freeway. Rest assured, I have analyzed the traffic conditions, and it is
looking clear ahead. Get ready for a smooth ride”.

(Event 6) 10:30—Weather

“Hey there, it's raining outside. The road might be slippery. My traction control is on to keep things
steady”.

(Event 7)

“There has been a change in the meeting room plans. Your meeting starts in 30 min in room B12.
Would you like to receive the updated indoor navigation map on your smartphone?”

Participants can express their preference to receive the map by indicating either agreement
or disagreement, typically through responses such as “Yes” or “No”. In either scenario, the
system’s response, delivered by Iris, will be a confirming “Alright”.

(Event 8)

“Check out that huge building on the right. It is known as FR Media, a broadcasting center in the
heart of the city. While it may blend in with its surroundings, it plays a significant role in bringing
news, entertainment, and music to the people. Exciting, isn't it?”

(Event 9) 16:55—Construction site

“Hey, heads up! We have got a construction zone coming up. No worries, I will drive carefully”.

(Event 10) 20:10—Emergency vehicle

“An emergency vehicle is on its way! We are pulling over to let them through. Please stay calm”.

21:00—Arrival

“We have arrived! The Congress Center is the beige building on the right side. Enjoy the conference.
T will be waiting for you here. Be careful when getting out of the car”.
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