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Express What I Think: The Impact of External Human-Machine Interfaces on the
Performance of Lane Change Maneuvers
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Lane change is a complex behaviour involving subtle interactions among road users. Providing external human-machine interfaces (eHMIs) may
improve the safety of lane-changing events. However, previous studies on eHMI mostly focused on the interaction between autonomous vehicles
and pedestrians. As a first attempt, we investigated the yielding behaviour of drivers in lane-changing scenarios when different kinds of eHMIs
regarding the intentions of the cutting-in vehicles (i.e., command, polite and explanatory) are provided. In a driving simulation experiment with 32
participants, we found that all three eHMIs increased yielding rates and minimum time to collision (minTTC) compared to the baseline condition
without eHMI, with the polite eHMI yielding the best results. Regarding subjective evaluation, polite eHMIs were also perceived as having the
highest usability. This study underscores the effectiveness of explicitly expressing lane-changing intentions through eHMIs and demonstrates that
the eHMI design can influence driver behaviour, usability perception, and traffic safety.
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1 Introduction

Lane change is a common maneuver during driving, and it is one of the leading factors of on-road crashes [34, 36, 40].
Particularly in high-density traffic, inappropriate cut-ins can lead to emergency braking of rear vehicles being cut in [40], thereby
increasing the risk of rear-end or side collisions [12, 34]. At the same time, the low yielding rate of the rear vehicles, as a result
of inappropriate lane change timing, can also negatively affect the efficiency of the traffic [42], especially near the entrance of
the ramp. The lane-changing scenario is a typical gaming process. Therefore, increasing the transparency of the players, i.e., the
cutting-in vehicles and the being cutting-in vehicles (BCV), may increase the success rate, safety and efficiency of the lane-changing
process.

Explicitly expressing intention during driving has been widely investigated in the domain of autonomous driving, mostly
relying on external human-machine interfaces (eHMIs) [4, 36]. For example, to facilitate safer and more efficient interaction
between autonomous vehicles (AVs) and pedestrians, previous studies have proposed eHMIs to communicate AV intentions and,
therefore, reduce misunderstandings and uncertainties [14, 20]. In AV-pedestrian interactions, previous research has shown that
both tone and informational content presented by eHMIs can facilitate pedestrians’ interpretations of the AV and subsequent
street-crossing decisions [9, 23, 25, 27]. Positive expressions or clearly stated intentions conveyed by eHMIs typically increase
pedestrian trust and compliance, leading to safer crossing decisions [1, 5, 11, 25]. Conversely, ambiguous or overly assertive
messages can cause uncertainty or discomfort, potentially compromising interaction safety [2, 37, 41].
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However, though many studies have explored if marking the AVs with eHMI would affect users’ rating of and responses to
the AVs [15, 17], very few studies have investigated how the eHMIs can facilitate vehicle-vehicle interactions in more dynamic
environments, such as lane-changing scenarios, where the explicit expression of intentions may play a more vital role. One study
has tried to improve the legibility of AVs’ lane-changing intentions for vehicle-to-vehicle communication by optimizing the AV
movement during lane-changing; however, the AV movement is still implicit, and its effectiveness depends on other drivers’
interpretation [24]. Another study has highlighted the importance of timing and clarity of eHMI communication in dynamic
scenarios such as automated truck merging, emphasizing how explicit signals can benefit driver reactions and safety outcomes in
highway merging scenarios [18]. However, interacting with trucks is different from interacting with other sedans, as the trucks
may impose higher pressure on other road users.

More importantly, there are two major gaps in previous research. First, these previous studies did not consider the tones of
the eHMI in vehicle-to-vehicle interaction scenarios, which, as has been found in previous AV-pedestrian interaction studies, may
shape human road users’ behaviours [10]. Second, previous studies mostly focused on AV-human interactions. However, human
drivers may use different strategies to interact with AVs than with human-driven vehicles [21]. Therefore, our current study aims
to explore whether explicit expression of driver intention on eHMIs of human-driven vehicles, especially the eHMIs with different
tones, can facilitate safer and more efficient lane-changing interactions among human-driven vehicles.

Through a driving simulator experiment, we examined how different eHMIs tones (i.e., polite, commanding and explanatory)
can affect rear vehicle drivers’ yielding behavior and safety metrics during lane-changing scenarios. Given that we aim to observe
participants’ behaviours in a more natural scenario, the participants were not informed of eHMIs before the experiment. Thus, to
ensure better interpretability of the eHMIs [10], we adopted three different text-based eHMIs, varying in tones. We propose two
research questions:

1)RQ1: whether the presence of any eHMIs on a human-driven cutting-in vehicle influences the yielding rate of the following
vehicles in a lane-changing scenario.

2) RQ2: whether different tones of eHMI on a human-driven cutting-in vehicle lead to different yielding rates of the
human-driven following vehicles.

In response to RQ1, we hypothesize that the presence of an eHMI would influence the yielding behaviour of the following
vehicles (H1), as previous research in AV-human driver interactions has shown that external communication signals from AVs
can improve human drivers’ understanding of the AV’s intention and increase their willingness to yield [10, 19]. In response to
RQ2, we hypothesize that different tones would lead to different responses (H2), as previous research has demonstrated that clear
and direct instructions in a commanding style can enhance response speed in emergency situations [30, 33], polite requests are
generally more acceptable and can increase compliance rates [7], and even simple explanations can significantly enhance others’
willingness to cooperate in social contexts [8].

2 Method

2.1 Participants and Apparatus

Prior to the experiment, all participants completed a recruitment questionnaire regarding their demographic information,
including gender, age, and driving experience. To ensure they are frequent drivers, all participants were required to have held
a driver’s license for at least 2 years and drove at least 5,000 km and at least 3 times per week in the past year. A total of 32
participants (16 male and 16 female) with valid driving license participated in this study. The participants’ ages ranged from 20 to
35 years, with a mean age of 28 and a standard deviation (SD) of 3.66 years, and the years of driving experience ranged from 2 to 9
years (mean: 4.75, SD: 2.19). The study was approved by the Human and Artefacts Research Ethics Committee at the Hong Kong
University of Science and Technology (protocol number: HKUST(GZ)-HSP-2024-0107).

The experiment was conducted on a stationary driving simulator by Info Tech (Figure 1). The simulator has three 43-inch
displays located in front and to the sides, with a horizontal viewing angle of 150° and a vertical viewing angle of 47°. The driving
scenarios were built in SiLAB software by WIVW GmbH, which records the vehicle-related and driving-related data at 60 Hz.
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