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ABSTRACT

This paper explores the integration of artificial intelligence (AI) technology in multimodal
interaction design within the automotive industry, focusing on user experience (UX) evaluation and
commercial applications. By examining the role of Al in enhancing interaction modalities such as
voice, touch, and gesture, this study highlights the potential for more intuitive and personalized in-
car experiences. The paper proposes a theoretical framework to understand the relationship
between Al-driven designs, UX optimization, and their commercial viability. Drawing from recent
advancements, it underscores the importance of balancing technological innovation with user-
centered design principles to address safety, usability, and market demands. The findings aim to
provide a foundation for future empirical research, guiding automotive stakeholders in developing

advanced and commercially viable human-machine interfaces that redefine the driving experience.
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1. INTRODUCTION

Artificial Intelligence (Al) is revolutionizing the automotive industry by enhancing vehicle functionality,
safety, and user experience. Al technologies are integral to advancements in autonomous driving, predictive
maintenance, and personalized in-car experiences, making vehicles smarter and more efficient. For instance, Al-
driven systems enable real-time data analysis, allowing for features like adaptive cruise control and lane-keeping

assistance, which contribute to safer driving environments (OpenXcell, 2024).

Multimodal interaction design, which integrates various user input methods such as voice, touch, and gesture,
plays a crucial role in enhancing user experience within vehicles. By allowing drivers and passengers to interact
with in-car systems through multiple modalities, these designs improve accessibility, reduce driver distraction,

and create more intuitive interfaces. The combination of visual, auditory, and tactile feedback ensures that
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interactions are seamless and responsive, catering to diverse user preferences and situational demands (Wang et

al., 2024).

The commercial viability of Al-driven systems in automotive applications is gaining significant attention.
Automakers are investing heavily in Al technologies to differentiate their products in a competitive market,
aiming to offer enhanced safety features, improved user experiences, and greater operational efficiency. The
integration of Al not only meets consumer demands for advanced functionalities but also opens new revenue
streams through services like Al-based infotainment and driver assistance systems. This focus on commercial
applications underscores the industry's commitment to leveraging AI for both innovation and profitability

(LeewayHertz, 2024).

In the rapidly evolving automotive industry, the integration of artificial intelligence (AI) into multimodal
interaction design has become pivotal for enhancing user experience (UX). Multimodal interfaces, which combine
various input methods such as voice, touch, and gesture, are increasingly prevalent in vehicles, necessitating
robust methodologies for UX evaluation. Recent studies emphasize the importance of comprehensive evaluation
processes to assess the effectiveness and user satisfaction of these systems (HTC Inc., 2023). Developing
standardized UX evaluation methods is crucial for ensuring that Al-driven multimodal interfaces meet user

expectations and industry standards.

Concurrently, Al technology is revolutionizing the automotive sector by enabling advancements in
autonomous driving, predictive maintenance, and personalized in-car experiences. The global automotive Al
market is projected to reach $74.5 billion by 2030, indicating significant commercial potential (OpenXcell, 2023).
Al applications are streamlining production processes and optimizing vehicle functionalities, offering substantial
benefits to manufacturers and consumers alike. Exploring these commercial applications is essential for

understanding how Al can be leveraged to create innovative, efficient, and user-friendly automotive solutions.

The integration of artificial intelligence (AI) in multimodal interaction design within the automotive industry
holds significant implications for user experience (UX) design, Al technology adoption, and industry innovation.
By enabling more natural and intuitive interactions through the combination of various input modalities—such
as voice, touch, and gesture—AI-driven multimodal interfaces enhance the overall user experience, making in-
vehicle systems more responsive and user-friendly. This advancement aligns with the growing demand for

seamless human-computer interactions in modern vehicles (Wang et al., 2024).

From a practical standpoint, automotive manufacturers and technology developers can leverage Al-enhanced
multimodal interfaces to differentiate their products in a competitive market. Implementing these advanced
interaction systems can lead to increased customer satisfaction and brand loyalty by providing drivers and
passengers with more engaging and efficient in-car experiences. Moreover, the adoption of Al in multimodal
interaction design can streamline the development of adaptive and personalized user interfaces, catering to diverse

user preferences and needs (Gomaa, 2022).
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Furthermore, the incorporation of Al technologies in vehicle systems contributes to broader industry
innovation by fostering the development of intelligent vehicles capable of understanding and responding to
complex human inputs. This progression not only enhances safety and usability but also paves the way for future

advancements in autonomous driving and smart mobility solutions (Stappen et al., 2023).

1. LITERATURE REVIEW

A. Al Technology in Automotive Design

Artificial Intelligence (AI) has significantly transformed automotive design, particularly through applications
like voice recognition and gesture control. Voice recognition systems enable drivers to operate various in-car
functions using natural language commands, enhancing safety by minimizing manual interactions. For instance,
Cerence Al has collaborated with Nvidia to develop advanced voice recognition software tailored for automobiles,

aiming to improve in-car communication systems (Investors Business Daily, 2024).

Gesture control technology allows drivers to manage vehicle systems through simple hand movements,
reducing the need for physical buttons and touchscreens. This innovation contributes to a more intuitive and less
distracting user experience. Al-driven gesture recognition systems interpret specific hand movements to control

functions like audio volume and navigation, thereby enhancing driver convenience and safety (Restackio, 2024).

Recent trends indicate a shift towards Al-driven multimodal interaction systems that integrate various input
methods—such as voice, gesture, and touch—to create a seamless and intuitive user experience. These systems
aim to provide more natural and efficient ways for drivers and passengers to interact with vehicle interfaces. For
example, AAC Technologies introduced an immersive in-car solution that combines multiple interaction

modalities, accelerating the development of intelligent cockpit experiences (Auto Connected Car News, 2024).

Furthermore, the integration of generative AI models in intelligent vehicle systems has the potential to
revolutionize user interactions by delivering more personalized and context-aware experiences. Stappen et al.
(2023) discuss how generative Al can facilitate multimodal interactions encompassing audio, video, and speech,

thereby enhancing the overall driving experience.

AT applications such as voice recognition and gesture control are reshaping automotive design by enhancing
user interaction and safety. The ongoing development of Al-driven multimodal systems and generative Al models

suggests a future where vehicle interfaces become increasingly intuitive and responsive to the needs of users.

B. User Experience Evaluation

User Experience (UX) evaluation in multimodal environments is grounded in several theoretical foundations
that emphasize the holistic nature of user interactions. Traditional usability metrics—effectiveness, efficiency, and

satisfaction—are expanded to encompass users' emotions, beliefs, and perceptions before, during, and after
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interaction with a system. This comprehensive approach acknowledges that user experience extends beyond mere

functionality to include emotional and psychological responses.

In multimodal environments, where users interact through various channels such as voice, touch, and
gestures, evaluating UX becomes more complex. Theoretical models in this domain advocate for a
multidimensional approach that considers the interplay between different modalities and their collective impact
on user experience. This perspective is crucial for designing interactions that are not only functional but also

intuitive and engaging.

However, assessing UX in Al-driven designs presents distinct challenges. One significant issue is the reliance
on automated algorithms, which may not capture the full spectrum of usability concerns that human analysis can
identify. This limitation underscores the need for human insight in the evaluation process to ensure a

comprehensive understanding of user experience.

Additionally, the quality of data used to train Al models is paramount. Inaccurate or biased data can lead to
Al systems that do not align with user needs or expectations, resulting in suboptimal user experiences. Therefore,
ensuring high-quality, representative data is essential for developing Al-driven designs that enhance rather than

detract from user satisfaction.

Furthermore, the integration of Al into UX design introduces challenges related to transparency and user
trust. Users may find it difficult to understand or predict AI behaviors, leading to confusion or mistrust.
Addressing these challenges requires designing Al systems that are not only intelligent but also explainable and

aligned with user expectations.

The theoretical foundations of UX evaluation in multimodal environments provide a robust framework for
understanding user interactions, the advent of Al-driven designs introduces new challenges. Addressing these
challenges necessitates a nuanced approach that combines traditional UX evaluation methods with considerations

unique to Al technologies.

C. Multimodal Interaction Design

Multimodal interaction design integrates multiple sensory modalities, such as visual, auditory, and tactile
inputs, to create intuitive and efficient human-machine interfaces. In the automotive industry, this design
approach enhances driver and passenger experiences by enabling seamless interactions with in-vehicle systems.
By leveraging various input methods, multimodal interfaces reduce cognitive load and improve safety, allowing
users to choose the most convenient mode of interaction based on the driving context (Pfleging & Schmidt, 2012).
Key components of multimodal interaction include voice interaction, touch interfaces, visual displays, and tactile
feedback. Voice commands enable drivers to control navigation, entertainment, and communication systems
hands-free, a vital feature as advancements in voice recognition technology improve accuracy and responsiveness
(Gomaa, 2022). Touch interfaces, such as touchscreens and touch-sensitive controls, offer direct manipulation of

functions but require careful design to minimize driver distraction (Pfleging & Schmidt, 2011).

16



DREAM JOURNAL - VOL. 04, ISSUE 12, 2025

Visual displays, including dashboards, infotainment screens, and heads-up displays (HUDs), provide critical
information in a clear and quickly processed format, supporting safe driving practices (Wang et al., 2024). Tactile
feedback, such as vibrations or force cues, adds an additional layer of interaction by delivering immediate, non-
visual signals, which are particularly useful for alerting drivers without diverting their attention from the road
(Prabhakar & Biswas, 2021). By integrating these modalities, multimodal interaction design enhances usability,
safety, and user satisfaction in modern vehicles, accommodating diverse user preferences and situational

demands.

D. Commercial Applications of Al in Automotive

Artificial Intelligence (Al) is revolutionizing the automotive industry, introducing a range of commercial
applications that enhance vehicle performance, safety, and user experience. Current implementations include
advanced driver-assistance systems (ADAS), autonomous driving capabilities, predictive maintenance, and
personalized in-car experiences. For instance, Al-driven voice recognition technologies are being integrated into
vehicles to provide seamless interaction between drivers and infotainment systems. Cerence Al's recent
collaboration with Nvidia aims to enhance the development of large language models for automotive applications,

indicating a significant advancement in this area.

The market potential for Al-driven designs in the automotive sector is substantial. Projections suggest that
the automotive Al market will experience significant growth in the coming years, driven by increasing consumer
demand for enhanced safety features and personalized driving experiences. However, challenges persist, including
concerns about data privacy, regulatory hurdles, and the need for extensive real-world testing to ensure the
reliability and safety of Al systems. Additionally, the integration of AI technologies requires significant
investment and poses technical challenges related to system compatibility and cybersecurity. Addressing these
challenges is crucial for the widespread adoption and commercial success of Al-driven designs in the automotive

industry

1. METHODOLOGY

The proposed conceptual model illustrates the interrelationships between Al technology, multimodal
interaction design, user experience (UX), and commercial applications in the automotive industry. Al technology
serves as the foundation, enabling intelligent decision-making and processing within multimodal systems. Its
integration allows for the seamless combination of various interaction modalities, such as voice, touch, and
gesture, creating a cohesive and adaptive user experience (Bieniek et al., 2024). Multimodal interaction design,
powered by Al, enhances user interactions by aligning system responses with user preferences and contextual

needs, offering a more natural and efficient interface (Valverde et al., 2021).

The quality of UX is directly influenced by the integration of Al-driven multimodal systems. When designed
effectively, these systems lead to higher user satisfaction, increased usability, and greater acceptance of

technology. Understanding the influence of Al on UX is critical for creating interfaces that meet user expectations
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and foster engagement (Zamani, Mikalef, & Zhu, 2023). Ultimately, these advancements drive commercial
applications, translating technological innovations into market-ready solutions. Positive UX, facilitated by Al,
enhances customer satisfaction and loyalty, thereby contributing to competitive advantages in the automotive

industry (Bieniek et al., 2024).

The model emphasizes the cyclical relationship among these elements, where market outcomes provide
feedback for refining Al technologies and multimodal systems. This approach underscores the interconnectedness
of Al integration, user-centric design, and commercial viability, offering a roadmap for leveraging Al-driven

multimodal interfaces to reshape the automotive industry.

In the context of multimodal interaction design within the automotive industry, several key variables are
essential for evaluating user experience (UX) and assessing commercial viability. User experience dimensions
such as usability, accessibility, and satisfaction play a significant role in the adoption of Al-driven systems.
Usability focuses on the effectiveness, efficiency, and satisfaction with which users achieve their goals. In
automotive applications, high usability minimizes distractions and enhances safety, as emphasized by Ara, Sik-
Lanyi, and Kelemen (2024). Accessibility, which involves designing systems usable by individuals with diverse
abilities, is critical for creating inclusive automotive interfaces (Choi & Seo, 2024). Satisfaction, which measures
how well user expectations are met, influences driver comfort and brand loyalty, as highlighted in recent studies
by Zhou, Williams, and Ortega (2022). Evaluating these dimensions provides a foundation for user-centered

system design.

Interaction modalities such as voice, touch, and gesture further define the user experience in multimodal
systems. Voice interaction enables hands-free control, enhancing convenience and safety, with studies suggesting
that combining voice with other modalities improves efficiency (Saren et al., 2024). Touch interfaces offer intuitive
interactions but require visual attention, which can increase cognitive load. Complementary modalities, such as
gesture-based controls, allow for physical movement-based commands, reducing reliance on touch interfaces. The
success of these interactions depends on system accuracy and intuitive design, as shown by Li et al. (2023) and

Zhou et al. (2022).

Commercial viability metrics such as cost-effectiveness and scalability are crucial for assessing the broader
implementation of Al-driven systems in the automotive industry. Cost-effectiveness evaluates whether the
benefits of these systems justify their development and deployment costs, which is vital for widespread adoption.
Scalability ensures that the systems can be implemented across diverse vehicle models and market segments,
adapting to various user needs and preferences. Together, these metrics and UX dimensions provide a
comprehensive framework for developing Al-enhanced multimodal interaction systems that offer superior user

experiences while remaining commercially viable in the automotive industry.
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Figure 1; Conceptual Framework

This paper, we prioritize a theoretical exploration of the relationships between Al technology, multimodal
interaction design, user experience evaluation, and their commercial applications within the automotive industry.
This approach aligns with the principles of conceptual research, which emphasizes understanding and mapping
the interconnections among key concepts without immediate empirical testing. As noted by Yadav (2020),
conceptual research plays a crucial role in advancing theoretical insights by focusing on the development and

refinement of ideas and frameworks.

By adopting this theoretical focus, we aim to construct a robust conceptual framework that elucidates how
Al-driven multimodal interfaces can enhance user experience and drive commercial success in automotive
applications. This framework serves as a foundation for future empirical studies, guiding researchers in
formulating hypotheses and designing methodologies that can test the proposed relationships in real-world
settings. Such an approach ensures that subsequent empirical investigations are grounded in a well-defined

theoretical context, enhancing the validity and relevance of research findings.

Evaluating user experience (UX) in multimodal systems requires a comprehensive framework that combines
various methodologies to capture the intricate dynamics of user interactions. A proposed framework includes
heuristic evaluations, user feedback, and simulated testing. Heuristic evaluations involve expert reviewers
assessing the system against established usability principles to identify potential design and interaction flow
issues. This method is efficient and cost-effective for uncovering usability challenges without extensive user
involvement. For example, Turunen et al. (2009) introduced SUXES, a method tailored to evaluate spoken and
multimodal interactions, emphasizing the importance of heuristic approaches in identifying design flaws.
Collecting user feedback is another essential component, as it provides direct insights into users' perceptions,
satisfaction, and overall experience with the system. Tools such as questionnaires, interviews, and think-aloud
protocols are commonly employed for this purpose. Wechsung and Naumann (2008) highlighted the value of

standardized usability questionnaires in capturing user feedback for multimodal systems.
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Simulated testing is a crucial method for creating controlled environments where users interact with the
system, enabling the observation of behaviors and identification of usability issues. This approach provides both
qualitative and quantitative data, offering a more comprehensive understanding of user behavior. Schaffer et al.
(2016) discussed the benefits of simulated testing in evaluating multimodal interaction designs, emphasizing its
effectiveness in refining usability. By integrating these methods, the proposed evaluation framework ensures a
holistic assessment of UX, combining expert analyses with user perspectives. This comprehensive approach
facilitates iterative design improvements, ultimately enhancing the usability and effectiveness of multimodal

interaction systems.

To empirically validate the proposed conceptual model on user experience evaluation and the commercial
applications of Al technology in multimodal interaction design for the automotive industry, future research could
adopt various approaches. Controlled experimental studies can assess the effectiveness of Al-driven multimodal
interfaces in vehicles. For example, Yu, Zhang, and Burnett (2023) conducted experiments to explore the design
and user experience of in-vehicle multimodal intuitive interfaces, providing empirical evidence to refine interface
designs. Additionally, industry case studies in collaboration with automotive manufacturers could implement and
evaluate Al-based multimodal systems in real-world settings. Aftab, von der Beeck, and Feld (2020) demonstrated
the potential of multimodal fusion methods for object selection inside automobiles, showcasing practical

applications of such technologies.

Furthermore, user-centered adaptive approaches can play a significant role in enhancing the reliability and
personalization of automotive interfaces. Gomaa (2022) proposed a framework focusing on adaptive user-centered
multimodal interaction to improve the reliability and trustworthiness of vehicle systems. Another promising
avenue is the use of mixed-immersive analysis tools, such as AutoVis, which combines non-immersive desktop
and virtual reality views for analyzing automotive user interfaces. Jansen et al. (2023) introduced this tool,
demonstrating its utility in evaluating complex interaction data. These methods collectively offer robust avenues
for testing and refining the conceptual model, ultimately advancing the development of effective and user-friendly

Al-driven multimodal interaction designs in the automotive industry.

1v. FINDINGS

Integrating artificial intelligence (AI) into automotive user experience (UX) design has significantly advanced
both fields, offering new insights at their intersection. Al's role in enhancing UX design is evident in its ability to
create personalized and intuitive in-car interactions. For instance, Mercedes-Benz's MBUX system utilizes Al to

adapt to user preferences, providing a more responsive and customized driving experience

This integration underscores Al's potential to revolutionize user-centric design by enabling systems that learn
from and anticipate user needs. In the automotive industry, Al-driven multimodal interaction designs—
encompassing voice, touch, and gesture controls—are transforming how users interact with vehicles. These

advancements facilitate more natural and efficient communication between drivers and in-car systems, enhancing
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safety and satisfaction. The collaboration between Qualcomm and Google to develop Al-powered voice assistants

exemplifies this trend, aiming to provide seamless and intuitive user experiences in vehicles

The convergence of Al and UX design in automotive applications presents several theoretical implications. It
challenges traditional design paradigms by introducing dynamic, learning-based systems that evolve with user
interactions. This shift necessitates a reevaluation of UX design principles to accommodate Al's adaptive
capabilities. Moreover, it highlights the importance of interdisciplinary approaches, combining insights from Al,

human-computer interaction, and automotive engineering to create cohesive and user-friendly designs.

Furthermore, the integration of Al in automotive UX design raises considerations regarding user trust and
acceptance. Designers must ensure that Al-driven features are transparent and align with user expectations to
foster trust. Understanding user perceptions of Al within the automotive context is crucial for developing systems

that are not only technologically advanced but also widely accepted by consumers.

In summary, the intersection of Al technology and user-centric design in the automotive industry offers
substantial contributions to both Al and UX design literature. It provides a fertile ground for exploring how
adaptive, intelligent systems can enhance user experiences, prompting a reexamination of design methodologies
to incorporate Al's dynamic nature. As the automotive industry continues to evolve with Al integration, ongoing
research is essential to fully understand and harness the potential of Al in creating user-centered automotive

designs.

Integrating Al-driven multimodal systems into automotive design requires manufacturers to address several
practical considerations to ensure both user satisfaction and commercial feasibility. Prioritizing user-centered
design is critical, as intuitive and adaptable interfaces can enhance usability and acceptance. Gomaa (2022)
highlights the importance of adaptive, user-centered multimodal interaction systems tailored to individual
preferences to improve reliability and trust. Additionally, system reliability and safety must be prioritized through
robust testing protocols and fail-safes, reducing risks associated with system errors or failures. Balancing
innovation with cost-effectiveness is also crucial. While advanced AI technologies can revolutionize user

interactions, their affordability and practicality must align with market demands (Stappen et al., 2023).

Seamless multimodal integration is another key factor, requiring the harmonious operation of input methods
such as voice, touch, and gesture to prevent user frustration and improve satisfaction. Prabhakar et al. (2021)
propose wearable virtual touch systems that reduce driver distraction and enhance usability, showcasing the
potential of multimodal interaction. Comprehensive user experience evaluations are equally important, as regular
assessments of user interactions can provide valuable feedback for iterative design improvements. Tools like
AutoVis, introduced by Jansen et al. (2023), facilitate mixed-immersive analysis of automotive interfaces, enabling
in-depth evaluations of user behavior and system performance. By addressing these factors, manufacturers can
successfully integrate Al-driven multimodal systems that optimize user experience while maintaining commercial

feasibility.
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In the rapidly evolving automotive industry, integrating Al-driven multimodal interaction designs presents
significant challenges and opportunities. One major challenge is the technological complexity involved in
developing sophisticated Al systems capable of seamlessly integrating various interaction modalities, such as
voice, touch, and gesture. These systems require advanced algorithms and substantial computational resources,
which can hinder swift adoption (Kaushik, 2024). Additionally, user acceptance remains a critical barrier, as the
success of Al-driven interfaces heavily depends on trust. Concerns about data privacy, security, and the reliability
of Al systems often lead to user skepticism. For example, studies have shown that many users remain hesitant to

fully embrace automated vehicles due to doubts about their safety and reliability (Nordhoff et al., 2021).

Despite these challenges, there are considerable opportunities for innovation. Al enables the creation of
intuitive and personalized in-car experiences by analyzing user preferences and behaviors, thereby enhancing
satisfaction and engagement. For instance, Al-powered voice assistants are being developed to provide tailored
navigation and proactive suggestions, significantly improving the overall driving experience (Ebel, 2024).
Moreover, the integration of Al opens avenues for novel interface designs, such as attentive user interfaces that
enhance driver awareness and safety. These innovations could improve situational awareness in automated
driving, leading to safer vehicle operations (Ebel, 2024). From a commercial perspective, Al-driven multimodal
systems have the potential to differentiate automotive brands in a competitive market, increasing market share
and profitability (Kaushik, 2024). Addressing barriers such as technological complexity and user skepticism
through user-centric design and transparent communication is essential. By doing so, the automotive industry

can harness the full potential of Al to revolutionize in-car interactions and deliver exceptional user experiences.

v. CONCLUSION

Integrating artificial intelligence (AI) technology with user-centered design (UCD) principles is essential for
developing automotive systems that are both innovative and user-friendly. This integration ensures that Al-driven
multimodal interaction designs align with user needs and preferences, enhancing overall user experience. By
focusing on UCD, designers can create Al systems that are intuitive, accessible, and responsive, leading to higher
user satisfaction and adoption rates. Moreover, incorporating UCD principles addresses ethical considerations,
such as user privacy and transparency, fostering trust between users and Al systems. Recent studies highlight the
significance of this integration, emphasizing that Al technologies designed with a user-centered approach are

more likely to be effective and widely accepted (Restackio, 2024).

To empirically validate the proposed conceptual framework, future research should explore several critical
areas. Longitudinal studies can provide insights into how Al-driven multimodal interaction designs impact user
experience (UX) over time in the automotive industry. These studies are essential for understanding trends, user
adaptation, and long-term satisfaction with Al-based interfaces. Comparative evaluations of multimodal systems,
focusing on various modality combinations such as voice, gesture, and touch, could identify the most effective
configurations for enhancing UX. For example, Yu, Zhang, and Burnett (2023) examined in-vehicle multimodal

intuitive interfaces and highlighted user preferences and system effectiveness. Additionally, adaptive user-
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centered multimodal interaction approaches should be investigated to ensure reliable and trusted automotive
interfaces. Gomaa (2022) emphasized the importance of user-centered adaptation and personalization to build

trust in human-centered Al in the automotive context.

Moreover, immersive analysis tools can facilitate the evaluation of complex automotive user interfaces. Jansen
et al. (2023) introduced AutoVis, a mixed-immersive tool combining desktop and virtual reality views to analyze
user interactions with automotive interfaces, showcasing the potential of immersive analytics for detailed
evaluations. By addressing these areas, future research can provide empirical evidence to support the integration
of Al in multimodal interaction design, contributing to enhanced user experience and commercial viability in the

automotive industry.

This conceptual exploration underscores the transformative potential of integrating artificial intelligence (AI)
into multimodal interaction design within the automotive industry. By examining user experience evaluation and
commercial applications, the study highlights how Al can enhance in-car interactions, leading to more intuitive
and personalized user experiences. Recent advancements demonstrate Al's capacity to facilitate seamless
communication between drivers and vehicles through modalities such as voice, gesture, and touch, thereby
improving safety and user satisfaction. For instance, Gomaa (2022) discusses adaptive user-centered multimodal

interactions aimed at developing reliable and trusted automotive interfaces.

Furthermore, the commercial viability of Al-driven multimodal systems is becoming increasingly evident.
Stappen et al. (2023) explore the integration of generative Al in intelligent vehicle systems, emphasizing its role

in revolutionizing user interactions and delivering more immersive in-car experiences.

By focusing on the intersection of Al technology, user experience, and multimodal interaction design, this
paper contributes to the growing body of knowledge essential for driving innovation in automotive human-
machine interfaces. The insights provided herein serve as a foundation for future research and development,

guiding the creation of advanced, user-friendly, and commercially viable Al applications in the automotive sector.
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