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The rapid advancement of automated vehicles has aroused the curiosity of researchers in the automotive field. Understanding the emotional aspects of this technology is critical to improving human-vehicle interactions. The topics of the proposed workshop will be expanded from internal to external empathetic interface designs of automated vehicles. The workshop will gather researchers and practitioners to brainstorm and design empathic in-vehicle interfaces and affective external HMIs (eHMIs), targeting specific use cases with automated vehicles in the social context. During the workshop, participants will use an affective design tool and generative AI to prototype affective interface designs in automated vehicles. With this creative approach, we hope to expand the knowledge of affective eHMIs in addition to in-vehicle designs and understand social factors that contribute to the user perceptions of automated vehicles.
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Introduction
The development of automated vehicles is fast growing. Commercialized automated vehicles with adaptive driving features are becoming a part of human life. To enhance user experience and smooth interactions in automated vehicles, we need to identify critical factors that can contribute to the development of trust between human and automated vehicles. In previous Emotion GaRage workshop iterations, we discussed emotions as an important factor in automated vehicle designs by 1) identifying key user emotions that can cause impacts on driving in automated vehicles [3], 2) recognizing specific emotions of different user groups in automated driving [7], 3) providing adaptive mitigations that can intervene in drivers’ emotional impact in automated vehicles [6], and 4) using generative AI tools to ideate and design empathic in-vehicle agents in automated vehicles [4]. The present iteration of the workshop will expand the empathic automated vehicle interface designs from the inside of the vehicle to the outside world.
Previous research studies have shown that considering drivers’ affective states is critical in enhancing user experiences and driving safety in vehicles because emotions can influence drivers’ perceptions and behaviors [9]. Many researchers have proposed empathic in-vehicle interface designs to mitigate the negative impact of drivers’ emotions in automated vehicles [2,5]. The affective aspects of automated vehicle design have extended to interactions between vehicles and pedestrians through external human-machine interface (eHMI) [10]. Bazilinskyy, Dodou, and De Winter [1] have discussed different forms of eHMI as well, such as text and colors, and stated that textual egocentric eHMI was the clearest based on the results of two crowdsourcing surveys. In addition to facilitating clear communications, improving the interaction among the vehicles and other on-road users from a social, affective aspect is also important. Wang et al. [11] have implemented emotional robotic eyes on automated vehicles to enhance perceived sociality. In the focus group study by Wang et al. [12], the results showed that effective eHMI designs should consider the types of roads and activities because shared spaces allow social activities, and emotional expressions of AV are necessary for shared spaces compared to regular traffic roads. However, more research is needed to explore the emotional aspect of the external human-machine interface and its impact on road users’ experiences. In the proposed workshop, we aim to gather researchers and practitioners to not only discuss how drivers’ emotions can influence in-vehicle designs but also brainstorm how the outside world (e.g., pedestrians and traffic situations) can influence the decisions made by the inside of automated vehicles (e.g., drivers, passengers, and the system), especially from an emotional, social perspective.
Goals
The proposed workshop will contribute to developing affective in-vehicle interfaces and eHMI designs that will improve user acceptance of automated vehicles and facilitate a smooth decision-making process on the road. We hope to gather academic and industry experts to brainstorm and prototype affective in-vehicle interfaces and eHMI designs by discussing triggers of user emotions, the user’s emotional connection with other on-road users/the automated vehicle, and the traffic environment involving social activities. The workshop will involve a newly developed affective design tool, Task Emotion Analysis (TEA) (cite), and generative AI tools, such as ChatGPT [8], in the prototyping process to facilitate a creative hands-on experience in the workshop. With this approach, we seek to provide a systematic design process that assists participants in developing appropriate use cases and designs with the finetuning by using generative AI tools. Finally, we expect our workshop to discuss the ethical implications and regulations for affective in-vehicle interfaces and eHMI designs in automated vehicles. The outcomes of the proposed workshop will serve as a practical design guideline for future affective in-vehicle interfaces and eHMI designs that improve the interactions between humans and automated vehicles. 
Topics of Interest
· Emotion detection methods on the trigger/source of drivers’ or passengers’ emotions.
· Pedestrians' perceptions and attitudes of automated vehicles prior to the interactions.
· Automated vehicle decision-making process based on the social context.
· Dynamics of emotional relationships among drivers, passengers, vehicles, and pedestrians.
· Anthropomorphism of automated vehicles or eHMI and users’ emotional perceptions.
· Ethical issues in emotional interactions with automated vehicles.
· Requirements for emphatic behavior in vehicles.
· Emotion regulation methods of in-cabin autonomous agents.
· Prototypes of emphatic agents embodied in automotive use cases.
· Theory of emotional-aware interactions applied to automotive use cases.
Outcomes
The outcomes of this workshop are expected to 1) brainstorm traffic scenarios that require the system to evaluate the emotional responses of drivers in highly automated vehicles; 2) develop empathic vehicle designs based on social events happening in the shared spaces 3) design and create practical prototypes of empathic agents and emotional eHMIs that can facilitate smooth interactions between users and the automated vehicles; and 4) facilitate discussions on the ethical implications and regulations of affective designs in automated vehicles, and 5) provide hands-on experience on creating empathic in-vehicle interfaces and eHMIs using affective design and generative AI tools. The workshop results will be analyzed and reported as a poster for AutoUI next year. 
Schedule
This half-day workshop will gather researchers and practitioners from academia and industry in automotive user interfaces, interactive design, artificial intelligence, robotics, and human factors. Before the workshop, we will create a website to display workshop schedule details and advertise our topics of interest (e.g., www.emotiongaragev.com). The workshop will consist of the following sessions: 
· Introduction (15 mins): The workshop will begin with a warm welcome and a brief introduction from each organizer. We will present a summary of previous workshop iterations to familiarize the audience with the workshop concept. Shortly after, we will also discuss the goal of the proposed workshop.
· Icebreaking (15 mins): An emotion charade game will be used for icebreaking. Each participant will select a random emotion from the emotion pool provided by the organizers. With the emotions, participants will be asked to pair with another person and display the emotions in different formats: facial expressions, non-verbal sounds, and gestures. The goal of the game is to meet people and get the most participants to guess the emotion correctly.
· Tutorial (30 mins): Experts in eHMI will be invited to provide one to two slides discussing their related work in the field. After the presentation, we will provide the participants with a tutorial for an affective design tool, Task Emotion Analysis (TEA), to identify emotions and triggers during on-road tasks and design empathic interfaces that can mitigate emotional impacts. Following this tutorial, we will show participants how to incorporate the TEA results into a generative AI agent for prototyping.
· Coffee break (30 mins): Participants will network with each other and have a break during this time. Participants will be asked to write topics related to the workshop’s topics of interest on a brainstorming wall. We will collect participants’ ideas and categorize them into groups for later activities at the end of the break.
· Discussion (50 mins): Participants will be grouped based on the topics provided by the brainstorming wall. Then, participants will discuss and develop an emotion and road event that requires empathic agents or affective eHMI for automated vehicles. 
· Rapid Prototyping (50 mins): Participants will brainstorm eHMI design ideas after deciding on the scenario. Potential topics include in-vehicle agent design, eHMI design, and ecological system designs.
· Presentations (50 mins): Each group will present their design and prototypes. We will discuss their ideas and share insights with each other based on the topic.
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