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ABSTRACT

As artificial intelligence (Al) becomes increasingly embedded in intelligent vehicles,
emotion-aware human-vehicle interaction (HVI) systems have the potential to support
drivers not only functionally but also emotionally. However, most existing in-vehicle
Al systems are designed for experienced users, often overlooking the emotional
stress and learning needs of novice drivers. This study explores novice drivers’
perceptions, expectations, and affective experiences when interacting with emotional
Al in driving contexts. Through semi-structured interviews with 20 novice drivers and
thematic analysis, it is revealed that novice drivers’ needs for in-vehicle Al systems
mainly focus on four aspects: situational awareness, behavioral guidance, emotional
support, and interaction preferences. The findings reveal that novice drivers expect
intelligent systems to provide functional assistance, along with empathetic support
and adaptive interaction that responds to their emotional states. This study contributes
to a deeper understanding of human-Al interaction in driving contexts by highlighting
how emotional safety and perceived empathy influence user trust and engagement.
The insights offer practical guidance for designing adaptive and empathetic in-vehicle
intelligent systems.
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INTRODUCTION

Driving is not only a cognitive and operational task, but also an experience
imbued with emotional dimensions. Compared with experienced drivers,
novice drivers often face higher emotional stress and cognitive load, and
are more sensitive to negative feedback (Krasniuk et al., 2024). Prior studies
have shown that novice drivers are more prone to anxiety, distraction, and
overestimation of their driving competence—factors that can lead to unsafe
driving behaviors and reduced learning efficiency (Stephan et al., 2024;
Scott-Parker et al., 2012; Yang et al., 2019). These psychological
characteristics suggest that driving performance is influenced by emotional
states and motivational processes, as well as operational skills.

With the widespread adoption of artificial intelligence (Al) in intelligent
vehicles, in-vehicle Al systems are gradually becoming the core of human-
vehicle interaction (Labbo et al., 2024). In addition to providing driving
guidance and behavioral monitoring, these systems perform emotion
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regulation functions through affective computing and real-time feedback
mechanisms. Affective computing enables Al to sense users’ states through
multimodal data—such as voice, gaze, and physiological signals—thereby
offering more personalized and empathic support. Recent studies indicate
that emotion-aware Al can enhance user trust, reduce cognitive load,
and improve overall driving experience (Wang et al., 2022). However,
most existing systems are designed primarily for experienced drivers, often
neglecting the unique emotional and learning needs of novice drivers who
are still developing their sense of control and confidence. Understanding
how these users perceive and expect emotional support from in-vehicle Al
is essential for creating systems that enhance both safety and emotional
well-being.

This study investigates novice drivers’ perceptions of affective in-vehicle
Al systems, with a particular focus on how they interpret and respond to
the emotional and behavioral support such technologies provide. Through
semi-structured interviews with 20 novice drivers, we examined their
needs, expectations, and emotional experiences when interacting with
Al in driving contexts. By analyzing the interview data, we aim to
uncover users’ genuine pain points and provide empirically grounded, user-
centered insights for optimizing future in-vehicle Al systems—ultimately
contributing to the development of emotionally supportive intelligent driving
technologies.

RELATED WORK

Challenges of Novice Drivers

In road safety research, novice drivers represent a relatively vulnerable group,
as their high cognitive load, limited situational awareness, and emotional
instability often result in unsafe driving behaviors (Scott-Parker et al.,
2012). They tend to experience heightened anxiety, distraction, and delayed
reactions, particularly when confronted with complex traffic situations or
critical feedback from other road users (Freydier, 2014). Empirical evidence
indicates that such negative emotional states increase cognitive load, impair
hazard perception, and lead to slower reaction times and greater variability
in vehicle control (Molloy et al., 2023; Loeb et al., 2015). These weaknesses
are further exacerbated in high-risk environments such as nighttime driving,
unfamiliar routes, or adverse weather conditions (Klauer et al., 2011;
Gao et al., 2015).

Traditional driver education programs, such as the GDE framework
(Jawi et al., 2017) and coach-based instructional models (Uziimciioglu
et al., 2021), have improved operational driving competence but often
overlook the emotional dimension of driving. Training environments
rarely help novice drivers learn how to regulate emotions such as fear,
frustration, or overconfidence, despite these being decisive factors in
real-world driving performance. Although human instructors play an
important role in early driving education, their guidance often relies
on personal experience and can be influenced by fatigue or emotional
fluctuation, resulting in inconsistent teaching quality. Furthermore,
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novice drivers frequently experience emotional friction or even conflict
with instructors during training, and such negative interactions can
diminish learners’ focus and trust (Waylen & McKenna, 2008). Most
critically, traditional approaches tend to emphasize procedural correctness
while neglecting the cultivation of emotional regulation, environmental
awareness, and anxiety management skills among novice drivers. This
gap contributes to crises and accidents when they transition to real-world
road driving. Consequently, an increasing number of studies advocate
integrating emotional and psychological perspectives into driver support
technologies.

Emotional Al in Vehicles

With the rapid development of affective computing and embodied artificial
intelligence, affective Al has become a highly promising technology in the
domain of intelligent vehicles (Wang et al., 2022; Duan et al., 2022).
These systems integrate multimodal sensing technologies—such as facial
expression, vocal tone, and physiological signal analysis—to detect drivers’
emotions in real time. Emotional response feedback delivered through
adaptive voice, visual cues, or ambient prompts has been shown to
reduce cognitive load and improve driving concentration (Huo et al.,
2023; Mavadati, 2015). Commercial applications, including Toyota’s e-
Palette, the Cerence-Smart Eye system, and NIO’s NOMI, demonstrate
a growing public interest in artificial intelligence technologies that can
enhance user engagement and in-vehicle psychological comfort (Toyota
Motor Corporation, 2020; Cerence Inc. & Smart Eye, 2024; NIO, 2024,
Zeekr, 2024).

Research has shown that emotion-aware artificial intelligence can enhance
both the functional and psychological dimensions of driving. By recognizing
emotional states, such systems can intervene earlier than traditional warning
mechanisms—for example, activating safety functions when stress or anger
is detected (Oh et al., 2021). Beyond direct safety benefits, affective Al
can also foster driver well-being by building trust and alleviating anxiety,
particularly under complex or high-risk conditions. Corresponding studies
in human—computer interaction have further demonstrated that emotion-
adaptive systems can effectively balance efficiency and cognitive workload
(Villani et al., 2021).

However, current affective Al technologies largely assume that users
possess stable driving competence and emotional self-regulation. Their
feedback mechanisms remain highly scripted, focusing primarily on
convenience or entertainment rather than empathy or learning support. As
a result, novice drivers—who often experience uncertainty, low confidence,
and emotional fluctuation—derive limited benefit from such systems. To
address these limitations, artificial intelligence must evolve beyond passive
responsiveness toward emotionally attuned and context-aware interaction
(Russell & Norvig, 2016). Understanding how novice drivers perceive and
emotionally resonate with these systems is therefore essential for advancing
human-centered intelligent mobility solutions.
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METHODOLOGY

This study employed a qualitative research approach to explore novice
drivers’ cognition, emotional experiences, and expectations regarding in-
vehicle affective artificial intelligence (Al) systems. Given the contextual and
individual variability of emotions and subjective experiences, semi-structured
interviews were conducted to gain an in-depth understanding of novice
drivers’ psychological responses and needs in both real and imagined driving
scenarios.

A total of 20 novice drivers were recruited for this study. Novice
drivers were defined as licensed individuals who had driven less than 1,000
kilometers and fewer than 50 times since obtaining their driver’s license
(Lyu et al., 2018; Wang et al., 2010). The participants’ average age was
29.5 years (SD = 1.6), including 12 females (60%) and 8 males (40%).
Convenience and snowball sampling were used for recruitment. Invitations
were distributed via social media, and participants were encouraged to
recommend peers who met the inclusion criteria. All participants had prior
exposure to intelligent driving technologies to ensure a shared understanding
of the topics discussed.

Interviews were conducted individually, either face-to-face or through
online video calls, each lasting approximately 30 to 45 minutes. Prior to the
formal interview, participants completed a demographic questionnaire and
signed an informed consent form. All audio recordings were anonymized to
protect participants’ privacy. The interview questions focused on three main
areas: emotional experiences during driving, trust and expectations toward
Al systems, and perceptions of in-vehicle voice and affective feedback.

An inductive thematic analysis (Clarke & Braun, 2013) was employed to
identify shared patterns through iterative processes of coding, clustering, and
theme refinement. The researchers independently coded the data, followed
by cross-comparison and discussion to ensure analytical consistency. The
complete process of data analysis is shown in Figure 1. Ultimately, four
overarching themes were identified—situational awareness, behavioral
guidance, emotional support, and interaction preferences—which together
provided the analytical framework for the subsequent findings.
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Figure 1: Summary of key steps in thematic analysis.

FINDINGS

Based on semi-structured interviews and thematic analysis of 20 novice
drivers, this study identified four core themes that reflect their key
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psychological needs and experiences when interacting with in-vehicle
affective artificial intelligence (Al) systems (as shown in Figure 2): situational
awareness, behavioral guidance, emotional support, and interaction
preferences. Together, these themes reveal the central role of emotion in
novice driving experiences and illustrate how affective Al is perceived as an
important source of safety and trust.
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Figure 2: Overview of 4 main themes and 16 sub-themes.

Situational Awareness

Most participants believed that in-vehicle Al should be able to perceive their
driving states and emotions in order to provide more targeted assistance.
They expected the system not only to recognize external driving conditions
(such as road situations and traffic density), but also to sense their internal
psychological states and fatigue levels. For example, one participant noted:
“If it could tell when I’'m nervous and remind me to slow down, it’d be like
having a co-driver who really understands me” (P7).

Others hoped the system could respond proactively before they explicitly
expressed a need. As one participant stated, “It’d be better if it could
anticipate my needs—like suggesting a rest when I’'m too tired” (P4). These
comments suggest that novice drivers value the feeling of being understood
more than mere technical prompts. Timely, accurate, and gentle feedback
helps them alleviate tension and uncertainty, thereby enhancing their trust
and reliance on the Al system.

Behavioral Guidance

Many participants described anxiety and unease resulting from their lack
of driving proficiency. For instance, one participant remarked, “I have
no sense of the car’s width, especially when turning—I often misjudge it”
(P13); another added, “Reversing at night is particularly hard—I get really
flustered” (P5). They hoped that Al could offer voice or visual prompts at
critical moments—such as during lane changes, when maintaining distance,
or avoiding blind spots—to help them stay focused and calm (P18).

At the same time, some drivers emphasized that they did not want the
Al to “interfere too much,” preferring to retain a sense of autonomy. One
participant explained, “I want it to remind me, but let me decide what to do”
(P4). This attitude reflects novice drivers’ psychological need for autonomy
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during the learning phase—they desire support, but also respect. Some
participants further suggested that the Al could provide post-trip feedback
to help them reflect on and improve their driving habits (P3).

Emotional Support

Almost all participants mentioned experiencing emotional stress while
driving, such as pressure from tailgating vehicles, criticism from passengers,
or tension caused by complex traffic conditions. Many indicated that if Al
could express emotional understanding and reassurance through tone or
words, it would greatly ease their anxiety. One participant said, “I don’t want
it to just say ‘you’re wrong’—I want it to say ‘it’s okay, relax” (P2).

Several participants also pointed out that negative feedback from human
passengers often made them feel embarrassed or nervous, whereas Al’s
“calm tone” made them feel more at ease: “People get impatient and scold
me, but Al doesn’t—that makes me more willing to listen to it” (P6).
Overall, participants believed that an Al capable of recognizing emotions and
responding appropriately could help them maintain psychological balance
and foster more positive emotional engagement with driving. “If the system
could notice that I’'m nervous and respond in a gentle tone, I’'d immediately
feel understood” (P1).

Interaction Preferences

Most novice drivers felt that interactions between Al and driver should
flexibly adapt to different driving situations. Under stressful or high-load
conditions, they preferred brief voice feedback or visual cues, whereas
in more relaxed states, they were more receptive to lighthearted tones
or extended interactions. For example, one participant remarked, “When
reversing, I don’t want too many instructions—I just want it to stay quiet”
(P6); another noted, “When I’m driving smoothly, it can talk a bit more, but
when I’m tense, it’s better not to interrupt” (P2).

Moreover, participants expressed varied preferences regarding Al voice,
tone, and even “personality style.” Some favored a gentle female voice (P12),
while others preferred a neutral or professional tone (P8). A few participants
hoped the Al could “switch roles” or offer “personalized settings” to better
match their emotional states (P7).

As one driver summarized, “If the Al could talk like someone I’'m familiar
with, I’d find it easier to accept its suggestions” (P9). This indicates that
flexible and personalized interaction styles are essential for affective Al to
gain user acceptance.

CONCLUSION AND FUTURE WORK

Through qualitative interviews with 20 novice drivers, this study reveals
the role of affective artificial intelligence (AI) in emotion regulation and
trust formation within intelligent driving contexts. The findings indicate
that when interacting with in-vehicle affective Al, novice drivers not only
attend to the system’s functionality and safety, but also place considerable
emphasis on its performance in emotional understanding, empathic feedback,
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and psychological support. The study identifies “emotional safety” and
the “feeling of being understood” as core factors in the development of
user trust. These results extend current understandings of “emotionally
intelligent interaction” within the field of human-machine interaction (HMI),
and provide psychological grounding for Al’s transformation from cognitive
assistance to emotional support.

And the findings also contribute to advancing the practical implementation
of affective Al in automotive human-machine interfaces (HMI), offering a
new perspective for enhancing user experience in intelligent driving systems
at the applied level. In particular, for novice drivers, Al systems capable of
emotional perception and adaptive feedback can support emotion regulation
and psychological stability during learning and decision-making processes,
thereby enhancing driving confidence and safety.

Future work could be deepened in two directions. First, attention should
be given to the influence of cultural differences on emotional expression and
trust patterns in human—AI interaction, as the meanings of “empathy” and
“companionship” may vary significantly across cultural contexts. Second,
there is a need for systematic investigation into issues of privacy and data
ethics—particularly regarding how to balance personalized experience and
data security when Al continuously monitors users’ emotions and behaviors.
Further exploration of these issues will help advance more inclusive and
ethically grounded applications of affective Al in human-centered mobility
and interaction design.
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