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ABSTRACT: While rare, it is widely accepted that autonomous vehicles (AVs) will find themselves in
dilemma scenarios involving vulnerable road users (VRUs). The ethics of these dilemma situations have
been debated extensively in the context of trolley-problem-like scenarios. What has not been noted is the
inherent unfairness implicit in many of these discussions, in which VRUs are seen as passive bystanders
with no say in what befalls them. Rather than simply remaining still in a collision scenario, VRUs can (and
often do) take action that needs to be accounted for. If we are to increase fairness on public roads, it is
important that AVs communicate with VRUs. This paper presents a highly theoretical discussion on the
possibility of using communication tools (such as the V2X system) and techniques (derived from the
science of human-machine interaction) to support protective, risk-reducing responses from VRUs during
inevitable AV collisions. The paper begins with a brief ethical exploration of fairness in the context of
current debates surrounding AV collisions. We proceed to discuss possible technical solutions to AV-VRU
communication, as well as the types of audio, visual, and tactile communication strategies necessary in
critical scenarios.

Keywords: Autonomous vehicles; Trolley problems; Human value; Fairness; AV communication; Human-
machine interaction

1. Introduction

Autonomous Vehicles (AVs) are set to revolutionize our cities, offering numerous advantages, from
improving traffic flow to reducing accidents and road deaths [1-3]. Yet they do not come without their
challenges. If we are to realize these benefits, AVs must be widely adopted by the public. Research,
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however, suggests that the public is hesitant [4,5]. In 2017, 56% of US citizens claimed they would not
want to ride in an AV if given the chance [6,7], while in 2019 63% of the US public stated they would feel
unsafe as a pedestrian in a city with self-driving cars. Interestingly, 85% of the US public would not be
comfortable with using an AV to transport their children or loved ones [8]. Apart from the serious technical
challenges, the ethics of AVs on public roads are still to be worked out. These ethical questions are
important for the public [9,10]. The public is specifically interested in how AVs behave on public roads,
and in particular how they behave in collision scenarios [3,11,12]. There is at least some expectation that
AVs should be as competent as a human driver before they are widely deployed, if not more so.

As any driver is keenly aware, sometimes one is faced with a no-win scenario. Do you swerve into
oncoming traffic to avoid the unexpected child chasing a ball, or the man who has accidentally fallen over,
as happened in October 2024 [13]? Numerous researchers downplay these scenarios, arguing that AVs will
never face such dilemmas [14—18]. This, however, is simply unrealistic. When one considers that there are
approximately 1.47 billion cars on the road globally [19] and that an average car travels (in the EU) 11,000
kilometres a year [20], one can estimate global annual mileage to be over 16 trillion kilometres. The World
Health Organization (WHO) estimates that 1.3 million people die each year globally (with 50 million being
injured) and that vulnerable road users (VRUs) are disproportionately affected [21]. Consequently, even if
dilemma scenarios are rare, with such large numbers, these incredibly rare occurrences will still take place.
As Fleetwood notes: those that deny the possibility of these scenarios ‘optimistically assert that, like
omniscient, omnipotent beings, autonomous vehicles will be able to anticipate danger far enough ahead to
avoid every potential mishap’ [22].

It is no wonder that many researchers contend that life-and-death dilemmas are inevitable [7,23-26].
How to deal with these dilemma scenarios has been the topic of much debate. However, it is possible to
argue that the most popular way of framing these situations is in the form of trolley problems. First proposed
by Philippa Foot in 1967 [27], the traditional gambit presents the unfortunate scenario of an unstoppable
train carriage (a trolley) having to make the difficult choice of either staying on its path and killing five
people tied to the tracks or turning onto a new track and killing one person. This gambit has been widely
applied to AVs. Scenarios like these have captured the public’s imagination and received much media
attention. What has gone unremarked is that while useful in certain circumstances, this framing fails to
consider an important aspect of the real-world context of crash scenarios. In particular, it fails to consider
that vulnerable road users are not passive bystanders to the situations that befall them but are active agents
that can—and often do—take action during collisions.

This paper seeks to raise this important point. To do this, we will demonstrate the fundamental
unfairness in the assumption that AVs are wholly responsible for the outcomes of collision situations. To
return a sense of justice and fairness to the discussion around these dilemma situations requires that we
consider VRUs as active agents. With this in mind, our paper considers highly theoretical ways one might
include these active agents in decisions involving collision situations. We argue for a solution via
Cooperative Intelligent Transportation Systems (C-ITS) and their main enabler—vehicular communication
networks (V2X)—that integrate not only AVs, but also VRUs into the interaction protocols during
unavoidable collisions. In our final section, we consider the types of communication most likely to elicit
positive responses from VRUs, before highlighting some limitations and drawing this paper to a conclusion.
It should be stressed that the aim of this paper is not to present an immediately deployable crash-
management system, but to show that fairness debates in AV dilemma scenarios remain incomplete when
they omit VRU agency and the possibility of bidirectional communication.

2. The Active Bystander

There are numerous studies that have attempted to grapple with the impossible choices posed by
dilemma-rich collision situations involving AVs. Many of these studies have sought to use trolley-problem-
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like vignettes to investigate the responses of the public and drivers alike [28—30]. The most famous of these
is MIT’s The Moral Machine Experiment [31]. Having garnered over 40 million responses, this study asked
participants to list their preferred outcomes in a number of trolley-problem-like scenarios. The forms these
dilemmas take are numerous, but the underlying conception can be divided into three broad types: (1) the
AV has to choose whether to save one person or several people; (2) the AV must choose between different
types of people, for example, young or old, legally compliant or non-compliant, or more or fewer people;
or (3) the AV must decide whether to sacrifice its passenger to save others. In each case, it is the AV that
must make a decision with the assumption that those who are at risk of dying are entirely passive.
Pedestrians, cyclists, and other bystanders are presented more like objects than subjects, standing in
unfortunate places without the ability to act—frozen in place (Figure 1). Within these studies, it is the AV
that bears all responsibility, not only for the very event of the scenario (i.e., that it is the AV that caused the
situation in the first place) but also for the outcome (who will live and die). VRUs might as well be
inanimate objects, like expensive Ming vases that, while having incredible value, are entirely at the mercy
of the AV.

This approach is true even for studies that attempt to integrate an ethical framework into the decision-
making algorithms of AVs. Consider, for example, the work of Millan-Blanquel et al. [32], Wang et al.
[12,33], or TUM’s recent work that has received much media attention [34]. These researchers have
attempted to produce computer algorithms that integrate ethical theory into the decision-making algorithms
of AVs. In the case of the team at TUM, one of the key touted benefits is an increase in fairness [35]. That
is to say, they argue that their algorithmic approach is more ethical than other approaches because it
increases fairness in inevitable dilemma scenarios. Yet these research models imply that it is the AV’s
algorithm alone that is responsible for the outcome of a collision, and that programming these decision-
making algorithms ethically will automatically increase the ethical outcome of a scenario. While it is highly
probable that programming algorithms ethically increases the chance of an ethical outcome, and any such
attempt should be applauded [36], the fact remains that VRUs are considered ‘uninvolved’ [37] bystanders
that in many cases should be left alone at all costs. Even among researchers seeking to increase fairness
and justice in such scenarios, the VRU is often seen as an object to be protected, rather than an active
participant able to exercise free will and act in the face of what befalls them [11,24,38]. In these scenarios,
VRU agency is almost never mentioned or considered. This, in itself, is unethical.

It is a well-established fact that human agency in the form of autonomy is a key ethical principle. Take,
for example, the field of biomedical ethics. Here, four important principles are considered central:
beneficence, non-maleficence, justice, and autonomy [39]. These principles are not independent of each
other, but all work together to support ethical practice. These principles have implications for road traffic
accidents that involve the life and death of human beings. This is particularly true of the principles of justice
(which include fairness) and autonomy. It is arguable that these two principles are the most important of
the four. They encapsulate the principles of benevolence and non-maleficence. More than this, they are
closely linked in a reciprocal relationship. That is to say, people, as subjects (as opposed to objects), should
have agency (wherever possible) over what befalls them if they are to live in a just and fair world. It is
unjust to argue that an AV is the sole agent in trolley-problem scenarios and VRUs are merely passive
bystanders who should be subjected to the will of a predetermined algorithm, no matter how ethically the
algorithm appears to be designed. Such an approach denies the autonomy of the people for whom ethical
algorithms are designed and, in so doing, diminishes justice and fairness. More than this, such an approach
fails to take heed of the real-world context of collisions. VRUSs are very rarely passive bystanders. Not only
do they sometimes give rise to the dilemma scenarios in question, but they can—and often do—take action
during a collision. Rarely do VRUs simply remain still when faced with impending death. VRUs will jump,
run, brace themselves, efc. In some cases, non-involved VRUs will take action to prevent the injury of one
or more people, such as in the case of an adult running into the street to pull a child out of harm’s way.
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Figure 1. Decision-making in autonomous vehicle trolley problems. Schematic created by the authors with the assistance of
ChatGPT (OpenAl), based on the Moral Machine (http://moralmachine.mit.edu/, accessed on 21 April 2026) by Scalable
Cooperation and MIT Media Lab, CC BY 4.0 [31].

If our desire is to increase the ethical outcomes of AV collision scenarios and to promote concepts such
as fairness and justice, then it is imperative that vulnerable road users are not seen as passive bystanders,
but as agents that have the ability to take action, and in this way exercise some level of control over what
befalls them. We should not ignore their active engagement in collision scenarios by trying to programme
AV decision-making algorithms as if they were ethical demigods solely responsible for all that happens on
the road. Rather, we should include the autonomy and agency of VRUSs in our collision scenario planning.
To recognise VRU agency is not the equivalent of assigning blame to VRUSs for the outcomes of collision
scenarios. It is to acknowledge that ethically relevant action may still be possible on their part even if they
are not to blame for how the scenario is initiated or plays out.

At first, this may appear absurd. After all, collision situations very rarely offer the opportunity for
stakeholder consultations. Yet it must be kept in mind that AVs participate in transport systems among a
range of players (other AVs, human drivers, VRUs, efc.). An AV is not a ‘lone ranger’ among other lone
rangers, but an agent representative [40] that acts within a highly connected system. The connected nature
of collisions must be kept in mind if we are to promote fairness, especially among VRUs.

3. The Role of AV-to-VRU and VRU-to-AV Communications

To achieve this fairness, it must be established that communication between AVs is crucial for ethical
decision-making in general. By communication, we mean time-critical exchanges intended to inform or
shape the actions VRUs can take, rather than general signals with limited practical application. In this regard,
V2X radio communication may be considered a technical enabler [41]. This is particularly important for
collision scenarios involving VRUs if we are to encourage VRUs to become active actors. Being active in
this context entails that it is not enough to inform VRUs about an impending accident. VRUs must be given
the opportunity to take action. Consequently, the AV should be interested in knowing which actions might
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be taken by the VRU (or even attempt to encourage positive actions) so that they are incorporated into the
ethical driving plan. Therefore, it is important that AVs and VRUs communicate in collision situations.
How is this to be accomplished?

For collision scenarios involving VRUs, communication could be accomplished via visual or audio
signs without V2X [42,43]. These could include gestures by a pedestrian toward the vehicle, a horn sounded
by the vehicle, externally installed road signage (e.g., on the pavement, buildings incorporating billboards,
or even council-installed purpose-built signage at known collision sites). One might even use external
human-machine interfaces (e.g., images displayed on the car’s bonnet, such as a frowning/worried face).
However, it is optimal for the VRU to be V2X instrumented (Figure 2). For instance, the VRU might have
a communicating wearable device or a V2X-enabled smartphone [44]. The V2X-based approach has
benefits not only because it is independent of weather and optical line-of-sight conditions, but foremost
because it can communicate rich information that is difficult to retrieve implicitly. For example, it can
communicate the planned trajectories of vehicles involved in the upcoming collision. That is to say, it is
theoretically possible for the AV to communicate its intended path to a VRU, or perhaps more importantly,
suggest to the VRU an action that could help ensure a more positive outcome in a collision.

Option1. Option 2. Option 3.
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Figure 2. AV-to-VRU and VRU-to-AV Communications.

Explicit communication helps in resolving scalability problems of one-to-one interactions between a
single AV and a single VRU, which is inherent for non-cooperative systems. In addition, an important
benefit of the use of V2X is timing: communication delay can be in the order of tens of milliseconds. The
V2X communication can be either direct (in this case, a dedicated broadcast communication channel should
be assigned) or via the cellular infrastructure—a telecommunication operator is involved [45]. To ensure
ultra-low latency as well as high-reliability performance, it may be necessary to rely on 5G or 6G
technology for both AVs and connected devices [46]. This naturally raises questions. The expected high
density of VRUs in the city environment raises the issues of network congestion control due to the broadcast
channel congestion or insufficient quality-of-service provisioning by the cellular network. In both cases,
the VRU device is expected to be energy-constrained (thus, it might switch off due to battery drain).
Cooperative autonomous vehicles are free from this restriction, but VRUs may not be.

To address the question of unfairness, when VRUs (which are already ‘vulnerable’ in traffic by
definition) are negatively impacted by the restrictions of their communication devices (cheaper devices—
worse battery; cheaper subscription plans—worse connection, etc.), it is desirable that the design of the
V2X protocols allows for adequate ‘fair’ support of VRUs to compensate for the restrictions of their
communication capabilities. Relevant technical solutions might include prioritization of VRU safety- and
ethics-related messages over equivalent messages from the vehicles. Generally speaking, wireless network
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resource allocation principles should be coupled with the ethically motivated distribution of risks resulting
from the potential collisions of a VRU and the autonomous vehicle. Prioritising VRU connectivity over
vehicular connectivity might improve the fairness and decrease ‘vulnerability’ of VRUs.

To facilitate increased inclusiveness of VRUs into the connected system, the collective perception
paradigm [47] might be applied when a VRU is not connected. Collective perception entails that either the
vehicle ‘sees’ the VRU through its sensors and communicates this information to potentially interested road
users (sounds a horn, displays a sign, or activates relevant lighting), or the same is done via the V2X-
equipped road infrastructure. Therefore, we advocate for the need for collective perception for VRUs who
either do or do not have a smart device during a collision. Cooperative AVs must help each other to
incorporate non-connected VRUs in collision scenarios.

In order to increase fairness in collision scenarios involving AVs and VRUs, bidirectional
communication is needed. Thus, the AVs should be informed about the VRUs and their possible or
predicted actions. The VRUs should, in turn, be informed about AVs and their intended actions. Naturally,
the intention-prediction capabilities of VRU wearable devices might be limited at the current state of
development. Therefore, it is likely that VRU-to-AV communication is currently limited to reporting the
current pedestrian status to the AVs. However, it would be desirable for the AV-to-VRU communication
to explicitly include AV intentions. Consequently, in the future, the wearable device should issue a warning
to enable a specific VRU reaction. This begs the question: What types of warning or communications might
enable or encourage positive VRU action?

4. AV-VRU Communication: Lessons from the Science of Human-Machine Interaction

Designing communication frameworks that will elicit positive, healthy, and helpful responses from
VRUs during a collision is of paramount importance. To this end, we might turn to the science of human-
machine interaction (HMI) for guidance. In particular, we can draw on this field to identify the attributes
necessary for the types of communication that would most likely enable VRUs to play active roles in a
crisis. We would do well to consider the following attributes:

(1) Visual interaction with machines significantly influences how users respond. Therefore, clear and
intuitive visual cues are vital to fostering positive and informed interactions between AVs and VRUs. To
improve visual cues, attention should be paid to characteristics of the visual stimuli provided. First is colour.
Colour can play a pivotal role in the acceptance of HMI information [48]. Warnings presented in certain
colours may grab the VRU’s attention better than others. Typically, red is noted to stimulate physical
performance [49] and can stress the urgency and safety-critical aspect of a warning. Colours such as blue,
on the other hand, tend to be associated with lower levels of urgency and have less effect on the user’s
attention [50,51]. Yet it should be borne in mind that predetermined associations with colours can result in
confusion if used in a way that conflicts with these pre-existing associations and contexts. For example, red
is commonly associated with stop signs or warning messages, while green is associated with a ‘go’ action
or safety—e.g., fire door sign [52]. Where red, green, and blue colours cannot be used, research has
demonstrated that cyan is regarded as a neutral colour in regard to a traffic context. Thus, it is a colour that
may be open to being assigned new meanings, without causing confusion elicited by other colours [53].

Second, one should note the tone and hue, as well as the saliency, luminance, and conspicuity of a
visual sign. There is ample evidence to show that these can all improve comprehension and compliance
with information presented in a user’s visual search of a scene [54—57]. Tone has a more dominant effect
than hue, with Suk and Irtel [58] having found subjects rated stimuli in vivid tones the most positive,
arousing, and dominant across the different colour hues.

Third is the presentation of a warning as either text- or non-text-based information. Text-based visual
cues have mixed effects for comprehension. A short text presented from an egocentric viewpoint of the
VRU has been rated as clearer (e.g., walk, don’t walk) than allocentric messages about the car’s intent (e.g.,
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braking, driving) [52,59,60]. Large text-based messages also provide direct information that makes it easy
to understand the intent of the message [59]. However, there are arguments for the standardisation of any
communication used between AVs and VRUs. Text-based language can be problematic across cultures,
difficult for those with limited literacy skills (e.g., children), and difficult to read from a distance [61].
Instead, text could be used in positive ways to aid the comprehension of non-standardised symbols, in non-
time-critical situations [62]. On the other hand, non-text-based intuitive display interfaces, featuring simple
graphics and animations, could help to ensure that complex information is conveyed seamlessly and
understood universally. Symbols are effective means of communication across cultures and can be easily
standardised, unlike text-based information. Research has shown that VRUs have a good understanding of
the warning signals typically used in AV HMIs and eHMIs. These include stop signs or an upraised hand.
VRUs prefer such simple symbols that already have established concepts [63].

Interestingly, anthropomorphic interfaces or pictures, such as face icons, eyes, or waving hands, can
cause confusion for VRUs and elicit surprised or curious responses. VRUs also report that while they
understand the intention of vehicles equipped with such anthropomorphic features, there are concerns about
the practicality of such designs in the real world and how the VRU would handle multiple AVs at one time
displaying multiple, or even contradictory, anthropomorphic images [64,65].

Finally, augmented reality (AR) is another potential medium for visual communication that could be
used to convey messages to VRUs. AR is a state-of-the-art technology that can augment virtual information
into the real world in a way that results in users not losing their sense of the surrounding environment. This
type of virtual information can be easily presented on an eHMI or to a VRU via wearable technology and
has been shown to reduce cognitive load with individualised responses and clear signals/messages to the
VRU [66]. However, there are concerns about using AR for external AV communications, including fears
that AR may occlude the vehicle [67] or that VRUs would be required to wear specialised equipment [68]
that may be inaccessible, unattainable, or impracticable for the majority of the population.

(2) Auditory stimulation. Outside of visual cues, simple sounds can be used effectively for AV
communications. This could be alongside visual warnings to direct attention to relevant areas, or as a
standalone warning. Many different sounds have been trialled and used in real-world instances. For example,
for AV/VRU communication, Deb et al. [69] found that music and verbal messages presented by the AV
led to shorter crossing times for pedestrians; however, a horn sound led to a longer crossing time.
Mahadevan, Somanath, and Sharlin [70] found that audible voice messages presented by a car to the VRU
were favoured. However, it was recognised that information overload may occur if multiple cars attempted
to communicate at the same time and in the same location. Speech-based warnings may also result in slower
understanding, due to the need to listen to the full message to understand the meaning before taking action.

Conversely, non-speech sounds and tones are more widely accepted due to rapid processing times and
the applicability across cultures and languages. For auditory warnings, Ulfvengren [71] found that natural
warning sounds should be pleasant to listen to rather than annoying; be compatible with the way the brain
interprets and makes sense of auditory stimuli; be easy to learn and remember; and have natural meaning
within the context of a user’s environment. However, in urgent situations, some level of annoyance may be
desired [72]. Certain tones may also help enhance the visual task. For example, Seebold et al. [73] found
that looming sounds, which increase in amplitude from sound onset to offset, improved reaction times when
played during a visual search task compared to a no-sound condition. Research has also shown that looming
sounds are not subjectively more alarming than other types of sound [74]. Consideration should be given
to how sounds are perceived, as annoying sounds may lead to warnings being turned off or sounds becoming
too commonplace so that users stop responding. We think, for example, of certain traffic contexts in which
vehicles regularly sound their horns for non-urgent situations.

(3) Tactile stimulation. Haptic feedback could be used in conjunction with audio-visual warnings and
implemented through everyday wearable or portable technology (e.g., smartphones or watches). This could
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be as a precursory alert when the VRU’s visual or auditory senses are already engaged, so as to draw their
attention to a malfunctioning AV. However, the warning vibration would need to be strong enough that it
is felt whilst the VRU is moving. The advantage of haptic feedback is that it is easily perceived during high
cognitive load situations, when the visual and auditory senses are engaged elsewhere [75], and it has been
shown to be more effective than other senses in emergency situations [76]. Haptic feedback is also easiest
to recognise. Yet, the best results have been achieved when haptic feedback is used in a multimodal manner
with visual and audio warnings [77]. Using a combination of all three senses reduces the risk of a warning
being missed due to environmental factors such as noisy roads or bright sunlight. A communicative
framework that combines all three attributes of sight, sound, and touch reduces warning reaction times by
alerting VRUs to dangers through all sensory inputs.

There is ample precedent for the use of warning signs that integrate visual, auditory, and tactile senses.
For example, in aviation, cockpit warning alerts use multimodal warnings (visual, auditory, and tactile) to
improve pilot response times [78] while there are numerous calls for multimodal in-vehicle warnings to alert
AV users of the need to take immediate control of the vehicle [79,80]. It should be noted that pilots are highly
trained to interpret and respond to multimodal warnings, while most drivers today have at least some training
in this regard. We argue here that the lessons learned from these contexts might be applied fruitfully to
collision scenarios involving VRUs and AVs. This would increase agency among VRUs and, thereby, fairness,
offering a more ethical outcome in dilemma scenarios involving AVs. These lessons may go beyond merely
those of the types of warning systems drivers and pilots use, to include their training. Today, road safety
courses are commonplace in community schools. It may be advisable to add training on how to respond to
multimodal warning systems during a collision situation involving an AV to this curriculum.

5. Limitations

It must be acknowledged that at present our discussion is highly theoretical and presents immense
challenges and limitations that must be taken into consideration. Many of the suggestions laid out in this
paper would not be feasible using current technology. For example, V2X communications protocols are not
well defined as yet, and the focus has been squarely placed on traffic safety (or efficiency) without
incorporating the types of ethical concerns we have addressed here [81]. There are serious questions about
how AVs could technically connect with VRU devices such as smartphones or watches—Iet alone the
question of user permissions and data protection. Even if these challenges were to be solved, one would
have to acknowledge the issue of connectivity inequality that has continued to plague much of the global
community. Any ethically defensible communication framework must also remain attentive to accessibility,
including the needs of people such as children, older adults, and disabled road users who may perceive or
interpret warnings in a myriad of ways.

Furthermore, we are all too familiar with the increasing complexity of the transport infrastructure.
Adding additional communications—signs, sounds, and haptic stimuli—may inundate VRUs, defeating the
very purpose of the communication we are considering here. Rather than assisting VRUs to take better
actions in both emergency and non-emergency situations, increasing communication between AVs and
other road users may actually decrease users’ ability to take evasive actions in a collision. VRUs may simply
be overwhelmed and take no action at all, or, worse still, take unhelpful actions that may increase injury.

Finally, we acknowledge the difficulty in predicting pedestrian actions, especially in the context of
time-sensitive scenarios such as a collision. Although we should point out that for the last few decades,
vehicles have traditionally sounded their horn in very urgent scenarios to alert VRUs of an impending
collision, at present we are not aware of AVs doing the same. In addition, not all collision scenarios are
time-sensitive. We are all familiar with ‘slow accidents’, for example, when ice or snow on a road prevents
cars from stopping even at very slow speeds. Nevertheless, even in such non-urgent, serious scenarios,
predicting the actions of VRUs will remain challenging.
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6. Conclusions and Recommendations

Notwithstanding the limitations, the principles presented in this paper have value. Our arguments
proposed in this article are intended to increase fairness in inevitable collision situations involving AVs by
incorporating VRUs into decisions being made in the context of a crisis that ultimately affect VRUs
themselves. This is not to say that moral responsibility should be transferred away from AV developers or
regulators. On the contrary, our proposal extends the responsibility of those developing and regulating to
include how they may incorporate VRUs as active participants. Rather than seeing VRUs as merely passive
objects that have no say in what befalls them, we argue here that VRUs are moral agents themselves who very
rarely remain stationary or inactive in emergency situations. Thus, developers and regulators should not
consider AVs as the sole actors, nor should they be given sole responsibility for how a disaster unfolds. Rather,
they should incorporate VRUs by communicating with them in collision scenarios.

While the specific content of an emergency communication will inevitably vary depending on the
context, the attributes of the communication framework would do well to consider the elements we have
outlined above. Incorporating visual, audio, and haptic stimuli into a coherent, holistic approach will
encourage VRUs to take an active role in an emergency situation. This will go a long way to addressing the
current artificial imbalance often presented in highly theoretical trolley-problem-like scenarios. Whatever
communicative framework is decided upon, its designers should consider the basic elements outlined above.
That is to say, designers should consider text- or non-text-based visual stimuli that take into account colour
(perhaps even a new AV-specific cyan-like hue), tone, and saliency in both the real and virtual worlds. It
should include audio stimuli (both spoken and non-spoken) that are pleasant or only slightly annoying as
they increase in amplitude, and these should be used only in very specific situations. Were these to be
combined with haptic feedback, the result may be a powerful motivator for VRUs to quickly and positively
take an active role in crisis situations.

Achieving a fairer, more equitable outcome in collision scenarios involving AVs through connected
communication among all road users requires support from multiple stakeholders. First, the regulatory and
legal frameworks governing V2X communication protocols and AVs generally need to be robust. Both
international and national transportation agencies need to coordinate their efforts to ensure consistency
across jurisdictions so as to standardise AV communication protocols, mandate VRU-friendly AV design,
and provide ethical oversight committees to ensure that where decisions are taken that impact VRUs, these
users are included in those decisions as active participants and not as passive bystanders. Furthermore,
better use of V2X frameworks, widespread implementation of new communicative networks such as 5G
and 6G wireless communication, and prioritising warning messages for VRUs in contexts where resources
(such as energy or communicative bandwidth) are limited are necessary.

These recommendations are founded on the ethical imperative of our argument and the current
trajectory of the road context, whereby AVs are increasingly being connected not only to each other and
the wider infrastructure but might be connected to VRUs as well. If this is to be taken seriously, the next
step is empirical, interdisciplinary testing to identify which communicative formats actually improve
comprehension, response, and fairness across all categories of VRUs.
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