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1. Introduction: Defining Interacting Vehicle Behaviours

Attitudes toward interacting vehicle behaviours constitute a critical area of study within

transportation psychology and human-factors engineering, particularly as automation levels

increase and vehicles rely more heavily on communication and cooperation. Interacting vehicle

behaviours encompass the full spectrum of actions undertaken by individual vehicles--whether

human-driven, semi-autonomous, or fully autonomous--that directly influence the maneuvers,

safety, and efficiency of surrounding vehicles. These interactions are not limited merely to close-

quarters maneuvers like merging or passing, but also include nuanced elements such as signaling,

maintaining appropriate headway, and responding to unexpected events. Understanding the

prevailing attitudes toward these interactions is paramount, as driver perception dictates the

successful integration of advanced driving assistance systems (ADAS) and ultimately, the

widespread acceptance of highly automated vehicles (HAVs). These attitudes are complex, rooted

in psychological constructs such as perceived control, risk tolerance, and social norms governing

road usage. The study aims to delineate the psychological mechanisms through which road users

form judgments about how vehicles should behave when operating in close proximity, and how

these judgments affect overall road network performance and safety outcomes.

The transition from purely independent driving decisions to coordinated, interacting behaviours

introduces significant cognitive and affective challenges for human drivers. Traditional driving

attitudes often prioritize individual efficiency and autonomy, sometimes leading to competitive or

defensive driving styles. However, the paradigm shift toward connected and automated vehicles

(CAVs) necessitates a greater emphasis on cooperative and predictable interactions, requiring

road users to adjust their fundamental expectations regarding vehicle performance and decision-

making logic. For instance, an automated vehicle performing a tight merge based on optimal traffic

flow algorithms might be perceived as overly aggressive by a human driver accustomed to slower,

more cautious merging habits, even if the automated maneuver is technically safer and more

efficient. Therefore, attitudes toward interacting vehicle behaviours are intrinsically linked to

the perceived intentions and predictability of the interacting entity, whether that entity is a human

driver or an algorithmically controlled system. These perceptions are heavily filtered by individual

differences, past experiences, and cultural driving norms, creating a heterogeneous landscape of

acceptance and resistance that must be systematically addressed by researchers and

policymakers.

Crucially, the definition of interaction extends beyond direct physical proximity to include

communication and information exchange. Modern vehicles interact through vehicle-to-vehicle

(V2V) and vehicle-to-infrastructure (V2I) communication, sharing data on speed, trajectory, and

intent. Attitudes toward these invisible, digital interactions--specifically, the willingness to trust and

rely upon shared data--are just as important as attitudes toward observable physical maneuvers. A

positive attitude often translates into greater reliance on cooperative systems, leading to smoother
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traffic flow and reduced congestion. Conversely, skepticism or negative attitudes can lead to

drivers overriding automated suggestions, manually intervening, or otherwise undermining the

system's intended cooperative benefits, thereby reintroducing human error and unpredictability into

the system. This introduction sets the stage for a detailed exploration of the psychological,

behavioral, and technological factors that shape these critical attitudes, emphasizing the need for

robust design principles that align vehicle behaviour with human expectations of safety and

fairness.

2. Psychological Foundations of Vehicle Interaction Attitudes

The formation of attitudes toward vehicle interactions is deeply rooted in established psychological

theories, particularly those related to social cognition, perceived control, and risk homeostasis.

Drivers typically conceptualize other vehicles not merely as objects, but as agents exhibiting

intentions and goals, a phenomenon known as anthropomorphism in the context of automated

systems. When a vehicle performs an interaction--such as braking suddenly or executing a swift

lane change--the human driver rapidly assesses the perceived intent behind that action. If the

action is perceived as aggressive, unpredictable, or self-serving, the resulting attitude is likely to be

negative, leading to defensive or retaliatory actions. If the action is perceived as cooperative,

predictable, and contributing to overall traffic efficiency, the attitude is generally positive, fostering

greater trust and willingness to cooperate. This cognitive process highlights the importance of

designing automated vehicle behaviours that clearly communicate intent, thereby managing the

psychological burden placed on surrounding human drivers who are constantly attempting to

model the behaviour of others. The fundamental human need for predictability in dynamic

environments dictates that complex vehicle interactions must be transparent and consistent across

varying traffic conditions.

Furthermore, the concept of perceived control plays a central role in shaping attitudes. When

interacting with human drivers, individuals feel they possess a certain level of control because they

can anticipate, react to, and even influence the actions of another human agent based on shared

understanding of road rules and social etiquette. However, when interacting with automated

systems, this sense of control often diminishes. Automated vehicle actions, derived from complex

algorithms, may feel arbitrary or opaque to the human driver, leading to frustration, anxiety, and

negative attitudes toward the interaction itself. This reduction in perceived control is a significant

barrier to the acceptance of cooperative driving systems, especially in scenarios requiring tight

coordination, such as platooning or automated merging. To mitigate this, system designers must

focus on providing drivers with meaningful feedback and the capability for justified intervention,

ensuring that the driver maintains a sense of agency even when the vehicle is operating

autonomously. This balance between automation efficiency and human psychological comfort is

crucial for fostering positive attitudes.
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Attitudes are also heavily influenced by the driver's specific emotional state and general driving

personality. Drivers who exhibit high levels of sensation-seeking or aggression tend to view

competitive interactions (e.g., forcing a merge) as acceptable or even desirable, potentially leading

to positive attitudes toward aggressive maneuvers, regardless of the inherent risk. Conversely,

cautious or risk-averse drivers will favor highly predictable, conservative interactions and develop

negative attitudes toward any behaviour perceived as risky or non-compliant with established

norms. These pre-existing psychological dispositions interact with the perceived fairness of the

vehicle interaction. If a vehicle interaction is perceived as unjust--for example, if a human driver

feels unfairly cut off by an automated vehicle prioritizing its own efficiency--the resultant negative

attitude can generalize, leading to distrust of automated systems entirely. Therefore, modeling

driver heterogeneity is essential for accurately predicting and managing the range of attitudes

that will emerge in mixed-autonomy traffic environments, necessitating personalized interaction

strategies where feasible.

3. Key Factors Shaping Driver Perception and Acceptance

Several critical factors modulate driver perception and acceptance of interacting vehicle

behaviours, extending beyond basic psychological mechanisms to include experiential, cultural,

and informational influences. One primary factor is exposure and familiarity. Drivers who

frequently interact with semi- or fully automated vehicles in real-world scenarios tend to develop

more nuanced and often more positive attitudes, provided the initial experiences are safe and

predictable. Repeated, successful interactions build cognitive models of how automated systems

operate, reducing uncertainty and increasing trust. Conversely, limited or negative exposure--such

as witnessing an automated vehicle error or experiencing a near-miss caused by algorithmic

unpredictability--can solidify negative attitudes that are difficult to overturn. This highlights the

importance of controlled, positive initial deployment strategies for new vehicle technologies,

emphasizing transparent communication regarding system limitations and capabilities during the

early adoption phase.

The second major determinant is the source of the interaction decision. Drivers react differently

when they believe an interaction (e.g., a sudden deceleration) is caused by another human driver

versus an automated system. While human error is often attributed to carelessness or malice,

automated errors are frequently attributed to systemic failure or lack of 'common sense,' leading to

potentially stronger negative attitudes toward the technology itself. Research indicates that drivers

often hold automated systems to a higher standard of flawless performance than they hold human

drivers. A minor hesitation or overly cautious maneuver by an automated vehicle, which would be

unnoticed if performed by a human, might be interpreted as evidence of technological

incompetence, thereby eroding confidence and fostering negative attitudes toward cooperative

automated interactions. This disparity underscores the need for automated systems to not only be

safe but also to perform interactions in a manner that is recognizably human-like in its fluidity and
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context sensitivity.

Finally, cultural context and regulatory frameworks significantly shape acceptable interacting

behaviours. Driving norms are not universal; what constitutes an aggressive merge in one culture

might be considered standard practice in another. Attitudes toward vehicle interactions are thus

internalized through local driving customs and reinforced by legal interpretations of right-of-way

and liability. In cultures where competitive driving is common, drivers may have negative attitudes

toward overly yielding or passive automated behaviours, viewing them as inefficient or disruptive.

Conversely, in cultures prioritizing strict adherence to rules, any automated behaviour that pushes

the legal boundary might be viewed negatively. Furthermore, the perceived legal liability

associated with automated vehicle interactions--who is responsible when an interaction leads to a

collision--heavily influences driver acceptance. If drivers perceive that automated interactions shift

the burden of risk unfairly onto them, negative attitudes are likely to prevail, regardless of the

technological efficiency of the manoeuvre.

4. The Role of Trust and Predictability in Vehicle Interactions

Trust and predictability are twin pillars supporting positive attitudes toward interacting vehicle

behaviours, especially within the rapidly evolving landscape of connected and autonomous

vehicles. Trust, in this context, is defined as the road user's willingness to accept vulnerability to

the actions of another vehicle, based on the expectation that the other vehicle will perform a task

reliably and safely. When drivers trust an automated system's ability to execute a complex

interaction, such as navigating a congested intersection, they are more likely to relax, reduce their

cognitive load, and allow the system to operate unimpeded. Lack of trust, conversely, leads to

continuous monitoring, second-guessing, and frequent manual interventions, which negate the

benefits of automation and introduce the risk of driver-automation performance mismatch, often

leading to increased accident risk.

The establishment of trust is heavily dependent on the interacting vehicle's predictability.

Predictability refers to the extent to which a driver can accurately forecast the timing, trajectory,

and intent of the interacting vehicle. Automated vehicles, while theoretically capable of perfect

precision, sometimes employ optimization algorithms that result in maneuvers optimized for traffic

flow but alien to human intuition. For example, an automated vehicle might utilize minimal gaps for

merging that a human driver would deem unsafe or unexpected. If these interactions are not

predictable from the human driver's perspective--meaning they deviate significantly from

established human driving norms--trust is undermined. Therefore, effective design of automated

interaction behaviours requires adherence to the principle of "predictable conservatism," where the

system prioritizes clarity and expectedness over marginal gains in efficiency, thereby fostering

long-term positive attitudes based on reliability and transparent intent.
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Furthermore, the communication of intent is inextricably linked to both trust and predictability.

Vehicles interact not only through physical movement but also through external human-machine

interfaces (eHMIs), such as external lighting, audio cues, or graphic displays indicating the

vehicle's upcoming action (e.g., "I am yielding" or "I am proceeding"). Attitudes toward the

interaction are significantly more positive when the interacting vehicle explicitly communicates its

intent, particularly in ambiguous situations like four-way stops or pedestrian crossings. Without

clear intent communication, even a perfectly executed automated maneuver can be misinterpreted

as aggressive or erratic, leading to negative driver attitudes and defensive reactions. Research

suggests that designing intuitive and standardized eHMI signals is crucial for bridging the

communication gap between human drivers and automated systems, thereby improving mutual

understanding and reinforcing the foundation of trust necessary for safe, cooperative vehicle

interactions in mixed-traffic environments.

5. Behavioral Responses to Cooperative and Competitive Driving

Attitudes toward vehicle interactions directly translate into observable behavioral responses on

the road, which can broadly be categorized as cooperative or competitive. Cooperative behaviors

are driven by positive attitudes toward mutual benefit and shared efficiency, manifesting as

yielding, maintaining consistent speeds to facilitate merging, or engaging in coordinated

maneuvers like platooning. When drivers perceive the interacting vehicle (human or automated) as

cooperative and predictable, they are more likely to reciprocate that cooperation, leading to

smoother traffic flow, reduced stop-and-go waves, and overall safety improvements. This

reciprocal cooperation is a key mechanism for optimizing traffic throughput in dense urban

environments, provided that the initial attitudes are favorable and the interacting agents adhere

consistently to cooperative norms.

Conversely, negative attitudes, often stemming from perceptions of unfairness, risk, or aggression,

trigger competitive or antagonistic behaviors. Competitive interactions include behaviors such

as aggressively closing gaps to prevent merging, tailgating, or using excessive speed to "win" a

right-of-way contest. These behaviors are generally detrimental to traffic flow and significantly

increase accident risk. When drivers harbor negative attitudes toward automated systems--

perhaps viewing them as overly cautious or too slow--they may attempt to exploit these perceived

weaknesses, leading to aggressive maneuvers designed to force the automated vehicle to yield.

This adversarial interaction pattern poses a significant safety challenge, as the competitive

behavior of the human driver may push the automated system beyond its operational limits or force

emergency braking, thereby creating secondary risks for surrounding traffic.

The complexity increases in mixed-autonomy traffic, where human drivers must constantly switch

between cooperative models for human-human interaction and potentially different models for

human-automation interaction. This cognitive load and behavioral switching requirement can strain
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driver attention and decision-making capacity. If the automated system's interactions are

inconsistent--sometimes yielding cautiously, sometimes aggressively optimizing--the human

driver's attitude becomes unstable, leading to unreliable behavioral responses. Therefore,

consistency in interaction style is paramount. Automated systems must be programmed to exhibit a

clearly defined behavioral signature (e.g., consistently cooperative or consistently assertive yet

predictable) that allows human drivers to quickly categorize and respond appropriately, thereby

minimizing the likelihood of competitive or confused reactions that compromise the overall safety

and efficiency of the road network.

6. Safety Implications and Risk Perception

The attitudes road users hold toward interacting vehicle behaviours have profound implications for

road safety, particularly concerning how they perceive and manage risk. Risk perception is

intrinsically linked to attitude; positive attitudes toward an interaction often correlate with a belief

that the maneuver is low-risk, while negative attitudes suggest heightened perceived danger. In the

context of automated vehicle interactions, drivers often face a novel source of risk: algorithmic

error or system failure. If drivers perceive automated vehicle interactions as inherently riskier than

human interactions due to a lack of understanding or trust, they may adopt overly cautious

behaviors, leading to unnecessary delays and potentially exacerbating congestion, or, conversely,

they may over-rely on the system, leading to dangerous complacency.

A critical safety concern arises from the potential for miscalibration of trust. If drivers have overly

positive attitudes toward highly cooperative automated systems, they might develop excessive

trust, leading to inattentiveness or distraction during critical interaction periods (e.g., automated

lane changes). This over-trust can prevent timely human intervention when the automated system

encounters a novel or ambiguous situation it cannot handle, resulting in a collision. Conversely,

negative attitudes leading to distrust result in frequent, unnecessary human interventions, often at

inappropriate moments. These interventions introduce human reaction variability and error back

into the system, potentially making the interaction less safe than if the automation had been

allowed to complete its maneuver unimpeded. Therefore, managing attitudes to achieve

appropriate trust--a balance between reliance and vigilance--is a key safety objective.

Furthermore, attitudes influence the acceptance of safety-critical maneuvers. Automated systems

are designed to maximize safety, sometimes requiring instantaneous, decisive actions (e.g.,

evasive steering or maximum braking) during emergencies. Drivers with negative attitudes toward

automation might perceive these necessary, swift actions as erratic or aggressive, leading to panic

or even attempts to override the system during the critical moment, thereby compounding the

danger. Ensuring that automated systems communicate their emergency intent clearly and that

drivers understand the safety rationale behind rapid, decisive interactions is essential. Safety

campaigns and driver training must actively work to align driver attitudes with the operational
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realities of automated safety features, fostering a positive attitude toward necessary, decisive

interactions, even when they feel subjectively uncomfortable to the human occupant.

7. Technological and Policy Influences on Attitude Formation

The evolution of attitudes toward interacting vehicle behaviours is heavily mediated by

technological design choices and regulatory policy. Technological factors include the specific

algorithms governing cooperative maneuvers and the design of the human-machine interface

(HMI). Algorithms that prioritize gentle, gradual interactions, even if slightly less efficient, tend to

generate more positive attitudes among human drivers due to increased perceived comfort and

predictability. Conversely, highly aggressive, efficiency-focused algorithms, while mathematically

optimal, often breed frustration and negative attitudes. This suggests a necessary trade-off

between maximizing system efficiency and optimizing for human psychological acceptance,

requiring designers to incorporate human-centric factors into algorithmic decision-making regarding

interactions.

Policy and regulation provide the crucial framework that legitimizes and standardizes interacting

behaviours, thereby influencing public attitude. Clear, enforceable regulations defining the

responsibilities and expected behaviours of automated vehicles during interactions--such as

merging priority or yielding rules--help to reduce ambiguity and increase the perceived fairness of

the system. Without standardized rules governing automated interactions, drivers must rely on

guesswork, leading to uncertainty and negative attitudes. Policy interventions, such as mandating

specific communication protocols (e.g., standardized external lighting signals for intent) or

establishing clear liability rules, reassure the public that automated interactions are managed within

a defined legal and ethical structure, fostering greater acceptance and positive attitudes toward

system integration.

Finally, public education and media framing play a substantial role in shaping large-scale attitudes.

Media coverage that sensationalizes automated vehicle failures or focuses exclusively on negative

outcomes can rapidly erode public trust and solidify negative attitudes toward interacting vehicle

technologies, even if the technology's overall safety record is superior to human driving.

Conversely, well-designed public education initiatives that demystify the technology, explain the

safety benefits of cooperative driving, and demonstrate the predictability of automated interactions

can proactively cultivate positive attitudes. Governments and industry consortia must engage in

transparent, consistent communication strategies to manage public expectations and ensure that

attitudes toward complex, interacting vehicle behaviours are grounded in accurate information and

balanced risk assessment, rather than fear or misunderstanding.
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