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Abstract:’

The question of how to define good driving is not new. For over a century, researchers have
wrestled with an answer for human drivers, and the debate has recently surfaced afresh for
automated vehicles (AVs). Although numerous principles and models have striven to explore the
associated complexities, no framing exists to coordinate and align these concepts into a clear
vision.

In response to these challenges, we put forth the concept of Drivership as a framing for the
realization of good driving behaviors. Drivership grounds the evaluation of driving behaviors in
the alignment between the mutualistic expectations that exist amongst road users. Leveraging
existing literature, we start by distinguishing (i) Empirical Expectations (i.e., reflecting “beliefs
that a certain behavior will be followed,” drawing on past experiences) (Bicchieri, 2006); and (ii)
Normative Expectations (i.e., reflecting “beliefs that a certain behavior ought to be followed,”
based on societally agreed-upon principles) (Bicchieri, 2006). Because societal expectations
naturally shift over time, we introduce a third type of expectation, Furtherance Expectations,
denoting behavior which could be exhibited to enable continuous improvement of the
transportation ecosystem. We position Drivership within the space of societal Normative
Expectations, noting an existing overlap with some Empirical and Furtherance Expectations,
constrained by what is technologically and physically feasible.

More generally, we establish a novel vocabulary to more rigorously tackle the conversation on
stakeholders’ expectations, which is a key feature of value-sensitive design approaches. We
also detail how Drivership comprises safety-centric behaviors, but extends beyond those, to
include what we here term socially-aware behaviors (where there are no clear safety stakes).

Drivership supports multiple purposes, including advancing the understanding and evaluation of
driving performance through benchmarking based on many criteria. As such, we argue that an
appropriate framing of the notion of Drivership also underpins the overall development of a
safety case. The paper explores these applications under the more general tenet of Drivership
as a central element to roadway citizenship.

1. Introduction

On September 13, 1899 in New York City near Central Park, Mr. Henry Hale Bliss alighted from
a streetcar and was assisting his companion to exit when he was hit by a car. Because of a
truck parked to the right of the lane, the car was driving unusually close to the streetcar. Mr.
Bliss died the following day, making him the first U.S. automotive crash fatality. The car’s driver
was charged with manslaughter and later acquitted as the crash was deemed “unintentional.”
(Williams, 2018; Eschner, 2017).

' The primary authors of this document are Laura Fraade-Blanar, Francesca Favard, Johan Engstrom,
and Trent Victor from Waymo, Melissa Cefkin from Santa Clara University, Ryan Best from West Virginia
University, and John Lee from the University of Wisconsin-Madison. Many others across Waymo have
contributed to the creation and refinement of Drivership, including Azadeh Dinparastdjadid.
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Consider the scene for the 1899 Bliss crash (Figure 1).2 The driver's response to a potential
conflict (and, possibly, a late reveal) resulted in a negative outcome; yet, depending on the
vehicle mechanics, a better response may not have been possible. No traffic laws were broken:
New York City did not enact their first traffic code until 1903 (American Safety Council, n.d.).
Speeding enforcement was already underway (starting in 1895) with a primary focus on bicycles
and a limit of 8 mph, (NYPD, n.d.),® but there is no record of the car driving inappropriately fast
or recklessly. It could be argued that the driver should have anticipated the risk of passengers
stepping out from the streetcar and, hence, should have slowed upon entering the narrow
passage in the first place (assuming he did not). The truck’s parking choice may have been
inconsiderate, given it impacted traffic flow. Mr. Bliss may have unintentionally initiated the
conflict by stepping out into oncoming traffic (as a consequence of the streetcar stopping where
it did*), but he stepped out onto a set streetcar route where road users perhaps should expect
exiting pedestrians. Although 125 years have passed since Mr. Bliss’s death, this type of
scenario and the questions it generates still resonate today. How can the "goodness" of each
agent’s behavior be defined and evaluated? How can this scenario be understood and used to
learn and improve behavior within the transportation ecosystem? And why is this important?

2 Visuals of the crash scenario are not available, so this scene has been reimagined from existing
narratives and photographs of period-specific streetcar pick-ups and drop-offs.

¥ New York City’s first speeding law, enacted in 1652, limited horses to a speed less than a gallop
(American Safety Council, n.d.).

4 Although this paper focuses on road user behavior, it is important to note the role that infrastructure
plays in influencing behavior. According to contemporary news accounts, “the place where the accident
happened is known to the motormen on the streetcar line as ‘dangerous stretch,” on account of the many
accidents which have occurred during the past summer.” (“Fatally Hurt by Automobile,” 1899).



These open questions illustrate the challenge of understanding and assessing good driving
behavior of autonomous/automated driving systems and human drivers.® To find answers, this
paper starts from existing definitions of driving behavior, reviewing the literature to identify
different qualifications of goodness and exploring the complexities associated with this
determination. In response, we put forth the concept of Drivership,® the realization of good
driving behavior, predicated on the alignment of driving behavior and societal expectations on
driving. Although societal expectations may differ in application between human drivers and
automated driving systems, Drivership is driver-agnostic (i.e., applying to both human and
non-human drivers). We argue that, within Drivership, identifying and meeting (or exceeding)
these expectations entails an analysis that includes safe behavior but also behavior where there
are no safety stakes. Furthering this, we disaggregate societal expectations into subtypes
through a taxonomic approach, to support further discussion. Finally, we conclude by diving into
the question of how Drivership relates to a safety case and a top goal of absence of
unreasonable risk.

2. What is good driving behavior?

Considering the purpose of good driving behavior necessitates an ethics-based exploration
(Gerdes, 2020). Amidst the ethical landscape, a resonating perspective’ positions good driving
behavior as the realization of balancing a communal expectation for road-users to respect each
other and be similarly respected when sharing a common road, given consensus on the utility
and role of transportation in current society. For example, what responsibility does an ADS
developer or fleet operator have to their customers, from one-time users to those who depend
on ADSs for their independence and spontaneity, and what is owed to others with whom they
share the roadway? What do other road users owe the ADS, given that driving involves public
actions occurring in shared spaces? How do disparate goals align to give rise to moral
principles on driving behavior which “no one (could) reasonably reject?” (Scanlon, 2010). What
“‘mutual recognition” (Ashford & Mulgan, 2007) and mutual constraints should be encouraged or
required between road users to provide for a positive shared road experience?

Good driving behavior contributes to roadway citizenship. Roads and adjacent spaces are often
public spaces, governed by a specific set of rules and broader societal expectations® which, by
entering into said space, users agree to abide by. A mutual vulnerability to each other's behavior
on the roadway necessitates this mutual adherence and respect, beyond the general
understanding of the applicable rules of the road.

Philosophically-inclined readers will recognize, here and throughout this text, tenets of T.M.
Scanlon’s philosophy of Contractualism (Scanlon, 1998). There is a long history of basing

5 Of note, this paper focuses on driving behavior rather than driving outcomes; leading rather than lagging
(Fraade-Blanar et al., 2018). Crashes and deaths are the expression of road users’ behavior in
conjunction with a range of other factors, such as infrastructure, geography, emergency medical service
proximity, etc.

% Inspired by the concept of Roadmanship (Fraade-Blanar et al., 2018), Drivership was first presented in
2022 at the Automated Road Transportation Symposium and at Lifesavers, with additional social media
(Waymo, 2022).

" This refers to a perspective which may meet with common agreement.

8 Societal expectations are discussed in detail in section 3.1.



principles of good driving on philosophical tenets: e.g., d’Amato et al. (2022) refer to a Locke-ian
(Uzgalis, 2001) social contract between road users and with road rules, and it could be argued
that Responsibility-Sensitive Safety (RSS) (Shalev-Shwartz et al., 2018) is an example of
deontological ethics (Geisslinger et al., 2021; Gerdes, 2020). Arguments for a positive risk
balance are generally understood to be referencing utilitarianism (Geisslinger et al., 2021). More
broadly, it has been argued that general ADS efforts to improve driving behavior are a form of
Aristotelian virtue ethics (Geisslinger et al., 2021; Gerdes, 2020).

2.1 How has “good driving behavior” been defined, to date?
Setting aside for the moment the qualifier “good,” let’s begin with “driving behavior.” The
technical literature on the sciences of driving and traffic performance® is vast. SAE J3164'°
defines driving behaviors as “goal-oriented activities enacted by a vehicle to implement a human
driver’s or an engaged ADS’s (automated driving system) performance of the Dynamic Driving
Task (DDT) or DDT fallback.” Within current SAE documentation J3016 and J3164 (SAE, 2021;
SAE, 2023), behavior itself has been leveled into (Michon, 1985):
e Operational: pertaining to the moment-to-moment vehicle control associated with
maintaining speed, lateral lane position, and separation between vehicles,
e Tactical: pertaining to the ability to make decisions about if and when one should
optimally overtake another vehicle, change lanes, select a target speed, etc.,
e Strategic: pertaining to broader considerations such as the choice of route and the
decision to make a trip.

Several taxonomies have striven to dissect driving behaviors into specific actions or tasks, at
times also encompassing safety relevancy and ranking across such tasks. McKnight et al.
(1972) identified and then ranked driving actions by criticality, noting that some driver actions
are more safety critical than others. The goal was to improve education and generate safer
drivers, an effort repeated over the years to similar results (e.g., Bouhsissin, Sael, and
Benabbou, 2023).

Let us now turn our focus to what makes driving behaviors “good.” The recognition that certain
elements of driving behavior are essential for safety represents one of the key ideas behind the
concept of Roadmanship, introduced in 2018. Defined as a leading measure of safety, it
describes “the ability to drive on the road safely without creating hazards and responding well...
to the hazards created by others. The concept centers on whether the vehicle ‘plays well with
others,” even if others are not around,” (Fraade-Blanar et al., 2018). The original text included a
range of safety-specific metrics such as time-to-collision, maintaining a safety envelope (as
used in IEEE 2846 (IEEE, 2022) and defined in ADSSC’s Best Practice for Metrics and Methods
for Assessing Safety Performance of Automated Driving Systems (ADS) (AVSC, 2021)), and
hard braking, each metric with their own strengths and weaknesses and each drawing from
decades of safety research (Fraade-Blanar et al., 2018). Roadmanship also highlighted the
importance of conflict avoidance (defensive driving) and secondary crashes' (Fraade-Blanar et
al., 2018).

°This report does not aim to be comprehensive of all related literature, but rather notes key texts.

1 This SAE Information Report is titled J3164 Ontology and Lexicon for Automated Driving System
(ADS)-Operated Vehicle Behaviors and Maneuvers in Routine/Normal Operating Scenarios (SAE, 2023).

"A secondary crash is a crash that occurs as a result of an original crash either within the crash scene or
within the queue or backup in either direction.” (Pecheux et al., 2023)


https://saemobilus.sae.org/content/J3164_202301/
https://saemobilus.sae.org/content/J3164_202301/
https://saemobilus.sae.org/content/J3164_202301/
https://www.rand.org/pubs/research_reports/RR2662.html

The work on Roadmanship refocused a general interest in behavioral safety for the ADS
community and ignited new research on the operationalization of technical definitions for the
behaviors and maneuvers' which directly reflect “good” driving. At the same time, it made clear
that good driving behavior included more than just safe driving behavior. To date, much work
connecting “good” to specific behaviors or considering behavioral goals focuses on safety or
legal compliance with rules of the road. The latter refers to the local and state laws and
regulations that determine how drivers and other road users should behave on the road — what
road users should do, how they should do it, and where they are when they do it.

There is considerable work on road rules from industry and academia. D’Amato et al. (2022)
focused on the aforementioned “social contract for driving,” supported by traffic code, driving
and case law, etc. ” Similarly, Xiao et al., (2021) focused on identifying desirable driving from a
legal viewpoint. Together these and other works suggest how the traffic code both influences
and is influenced by social and ethical expectations. Specifically: “to consider the road rules of
the future we start with the rules of the present. Behaviour on the road can be seen as governed
by rules in four layers: (1) the laws of physics can be seen as constraints on what you can and
cannot do; (2) legal rules define what you must and must not do; (3) advisory guidance shapes
what you should and should not do; and (4) then there is a layer of social norms and
behaviours: what we tend to do and not do. These layers overlap. Many of our social norms
align with the rules of the other layers.” (Tennant et al., 2021)

Rooted in the second layer, the California Department of Motor Vehicle’s regulations for the
Deployment of Autonomous Vehicles stipulate the following:
(9) The manufacturer shall certify that the autonomous technology is designed to detect
and respond to roadway situations in compliance with all provisions of the California
Vehicle Code and local regulation applicable to the performance of the dynamic driving
task in the vehicle’s operational design domain, except when necessary to enhance the
safety of the vehicle’s occupants and/or other road users. (CA DMV, 2022)
Importantly, this type of regulatory provision recognizes the importance of automated vehicles
satisfying the expectations of road rule compliance, while also prioritizing actions for enhancing
safety if conflicts between competing road rules (Xiao et al., 2021), or road rules and safety,
emerge for that operational design domain.

Rooted in the third and fourth layer, the approach in ISO 39003 Ethical Considerations Relating
to Safety for Autonomous Vehicles is based not on concepts (e.g., safety or compliance with
rules of the road) but rather on specific principles:' some situational (e.g., Driving Rule DR®:
Make lane changes only if there is an empty ‘slot’ and there are no dangerous ...
consequences, and DR3: Even if there are no other vehicles in the vicinity, the vehicle should
always be prepared for the sudden appearance of other vehicles with respect to its actions.),
some value-based (e.g., Driving Rule DR4: During every ride or sortie, show respect and
kindness to other road users, and DR8-a: Act in a way that acknowledges, communicates with,

2 Per SAE J3164, a vehicle maneuver is a “goal-oriented vehicle movement directed by an ADS or
human driver in order to achieve a specific result/outcome.” (SAE, 2023)

'3 One of the sources leveraged to build consensus in the ISO technical committee on road safety
management (which produced ISO 39003) was the German Ethics Commission on Automated and
Connected Driving’s report (Fabio et al., 2017), which focuses on good behavior, noting the importance of
preventing collisions and, as such, a prioritized approach to safety concerns.



and respects every entity in the road space.), etc. (ISO, 2023). Unfortunately, taken together,
these principles, while laudable, provide little guidance for practical application.

Rooted in the second, third, and fourth layers, the academic literature contains multiple
qualifications for good driving behavior, some of which conflict, many of which align, and all of
which incentivize slightly-different to very-different behaviors. Among the clearest is the
SPRUCE (safe, predictable, reasonable, uniform, comfortable, and explainable) model (De
Freitas et al., 2021), and Vinkhuyzen and Cefkin’s (2016) social acceptability-focused criteria,
describing driving that would “smoothly integrate into the flow of traffic and handle roadway
interactions without disrupting other road users.” IEEE 7000, in annex G, provides a wide
range of ethical values such as care, fairness, politeness, respectfulness, etc. (IEEE, 2021) on
which one could draw, although not all apply to driving behavior. Other studies used interviews
with drivers to conclude that a good driver was characterized by “self-confidence, lack of stress,
and not being aggressive,” (Doubek et al., 2021), by comfort and naturalness (Peng et al.,
2024), or by the interviewee’s own personal driving behavior (Roy & Liersch, 2013). Reddy et.
al. (2024) described a careful and competent driver as one who embodied “awareness,
discernment, adaptability, patience, anticipation, caution, roadmanship, responsiveness,
communication, and coordination.” Still other proposed qualifications for goodness include
attributes such as: empathetic (Nordfjaern & Simsekoglu, 2014), courteous and self-aware
(Tillmann & Hobbs, 1949), just courteous (Wang et al., 2019), assertive (Oliveira, 2019),
trustworthy (Lee & See, 2004), compliant (Bin-Nun et al., 2022), fuel-efficient (Wijayasekara et
al., 2014), and adaptable to other road user behavior (Schwarting et al., 2019).

There have been some limited attempts in the literature to operationalize individual driving
qualities to assess goodness."® For example, prioritizing smoothness of movement (Wang et al.,
2018), indicating competence and confidence (Alsaid et al., 2020), can be assessed through
measuring the minimization of jerk (Itkonen et al., 2017). Or, to prioritize efficiency (Lee & Son,
2011), one could assess progress along the route compared to a daily average, reflected in
speed choice and how quickly the vehicle negotiates an intersection. Or, a benchmark may
focus on defensiveness (Peng et al., 2022), assessed (partially) by the rate of rapid acceleration
or deceleration. Comfort could be measured by assessment of vehicle handling and specifically
by roll angle (Uys et al., 2006), although evaluating vehicle handling remains a developing field
(e.g., (Oh et al., 2021; Hang & Chen, 2021a)). In the face of this general fragmentation, no clear
path arises. Specifically, pegging goodness to driving characteristics is problematic because of
the lack of consensus on which characteristics are optimal, and because what is optimal may
change based on circumstances and is dependent on context.

A different approach from the enumeration of contributory attributes is that of defining a formal
reference for behaviors, known as a behavior reference model. In this approach, the behavior of
the driver under evaluation (e.g., human driver or an ADS) is compared against a behavioral

4 This is the IEEE Standard Model Process for Addressing Ethical Concerns during System Design, a
standard for organizations generally (and is not specific to ADS behavior or to ADS developers) (IEEE,
2021).

'® Guidance exists to support the process of operationalizing societal principles and necessary exceptions
to specific, value-based actions (e.g., Townsend et al., 2022).



model representing some driving performance benchmark.'®'” Efforts include, but are not limited
to:

e Safety envelope models establish a formal behavioral model which, given certain
assumptions, creates a theoretical guarantee (based on mathematical arguments) that
no crashes would happen if the model is universally adopted by all drivers. Examples
include Responsibility-Sensitive Safety (RSS) (Shalev-Shwartz et al., 2017), the Safety
Force Field (Nister et al., 2019), models based on reachable sets (Althoff & Dolan, 2014;
Pek et al., 2020) and/or other spatio-temporal constraints (Favaro et al., 2018);

e Estimating the momentary risk of collision based on kinematic measures, for
example the Instantaneous Safety Metric (ISM) (Weng et al., 2020);

e Operationalizing Roadmanship around specific behaviors such as gap acceptance in
roundabouts using naturalistic driving data as a benchmark (Peng et al., 2022);

e Defining a human driver model that represents a proper response to an impending
hazard. Examples include the Careful and Competent Driver Model (CCDM) (Japan
Automobile Manufacturers Association, Inc., 2022) which aims to represent the collision
avoidance performance of a “good” (careful and competent) driver in select conflict
scenarios, the Fuzzy Safety Model (FSM) (Mattas et al., 2020; 2022) which is intended
to represent a driver that “can anticipate the risk of a collision and apply proportionate
braking” (ECE, 2023), and the NIEON model (Engstrom et al., 2024) intended to
represent the collision avoidance response performance of a human driver that is
Non-Impaired and have their Eyes ON the conflict. The CCDM and FSM models have
been included in UNECE Regulation 157 (R157) on Automated Lane Keeping Systems
(ECE, 2023).

These efforts vary in usability. Existing implementations tend to be narrowly scoped (e.g., limited
generalizability to diverse scenarios), with little to no overarching relationship to other reference
models. Moreover, models vary in the quality of signal that they provide: the CCDM and FSM
were evaluated by Olleja, Markkula and Bargman (2024) with respect to their ability to predict
human collision avoidance performance in the SHRP2 naturalistic driving dataset, testing the
assumption that they properly represent a “careful and competent driver.” For both models, it
was found that the collision behavior they exhibited deviated significantly from that of human
drivers, where CCDM generally responded to the hazard later than human drivers while the
FSM responded earlier.

While a relatively large number of usable behavior reference models and other
operationalizations of good driving behavior exists, an overarching framework is needed to
develop consensus to guide operationalization and facilitate alignment on behavioral
benchmarks (IEEE, 2024). Although the literature shows many ways to describe driving
behavior, to describe goodness, and to measure driving behavior and compare it to a
benchmark representing goodness, no framing exists to coordinate and align these concepts
into a clear, cohesive vision (Reddy et al., 2024), in order to provide precise guidance on
operationalization.

6 A potential operationalization that does not use behavior reference models can be found in the digital
commentary driving technique, wherein the ADS provides data continuously collected during a trip to
create a driving narrative (British Standards Institution, 2021).

7 These concepts are further explored in the in-progress SAE J3330 recommended practice on behavior
reference models for evaluating automated driving systems in traffic conflict scenarios (SAE, 2024).



We propose a novel framing, grounding good driving behavior in realizing societal expectations.
This framing is called Drivership. In this context, Drivership'® becomes an expression of how
mutualistic expectations between all road users are being met by drivers on the road.

3. What is Drivership?

The concept of Drivership'®? has been developed as a framing of the realization of good driving
behavior. For ADSs, company-internal development and evaluation, shaped by an array of
endogenous and exogenous factors, beget the behavior the ADS will exhibit on the road.
Drivership research advances the ongoing process of aligning driving behavior and societal
expectations,?' engendering public trust and societal acceptance (Figure 2). Particular attention
to alignment may be necessary as societal expectations and behavior change, e.g., in reaction
to new technology.

'8 In this document, Drivership is primarily discussed from a passenger vehicle driver viewpoint, but that is
not to say this is the only entity on which expectations are placed. There are societal expectations on the
behaviors of pedestrians, bicyclists, truck drivers, etc., some of which are enacted into law.

'® Drivership operates across all levels of driving behavior (Michon, 1985). Notably, at the tactical and
operational level, driving behavior is constrained by the laws of physics; what is physically and
technologically feasible.

2Drivership spans the pre-crash driving behaviors, and crash and post-crash behaviors (should a crash
occur), drawing from the Haddon Matrix (US DOT, 2011). For example, maintaining proper motion control
is essential to prevent a crash, and essential during and after a crash has occurred to minimize further
harm.

21 An important role of assessing Drivership is to surface conflicts between different social expectations
and stakeholder expectations, and to guide resolution. Formalizing such tradeoffs could identify pathways
to mitigation (Defense Science Board, 2012).
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Figure 2. The alignment of driving behavior and societal norms and expectations for ADSs*

Safety lives at the core of Drivership, building on the aforementioned concept of Roadmanship
(Fraade-Blanar et al., 2018). Roadmanship, which focuses only on safe driving behavior, and
numerous other sources make clear that driving safely is a societal expectation for road users.
Focusing on expectations of behavior that clearly and directly relate to safety is, however,
necessary but not sufficient for the full realization of “good” driving behavior. Standards such as
IEEE 7000 (2021) and publications described in section 2.1 above, make clear that expectations
for the realization of good driving behavior extend beyond safety.

Consequently, we position Drivership as ranging from safety-centric to socially-aware behavioral
expectations.?® Safety-centric refers to expectations on behaviors which directly influence the
probability of an injury. In a causal chain (as described by Favaro et al. (2023)), these are
hazardous behaviors immediately proximal to harm. Conversely, socially-aware behaviors are
more distal to harm manifestation, and without a clear or proximal injury risk. These behaviors

22 Social expectations may be deeply or lightly rooted in a given locality. The variation between localities
and the likelihood of an expectation changing is an important topic for future discussion.

ZBDrivership draws from parallel concepts in other transportation modes, such as seamanship and
airmanship. These contexts have a more lengthy and rich history of skilled vehicle operation and strictly
apply to trained professionals. Additionally, the concepts of seamanship and airmanship are still
somewhat nebulous and lack an agreed upon definition (e.g., (Kongsvik et al., 2020; Nergard, 2014).
Though resistant to a precise definition, consistent themes of skilled operation in the context of the air and
sea apply directly to the concept of Drivership. The base definition of both builds upon the precept that a
thorough understanding of the rules of operation are a necessary but insufficient factor in establishing
expertise. Airmanship and seamanship are communicated and demonstrated through action. Safe,
reliable, and successful actions in routine trips serve to demonstrate understanding of the rules of
operation, but similar actions in atypical scenarios communicate an important aspect of skilled operation —
the ability to act in ways incongruent with rules, if and when necessary, to avoid negative outcomes.



may be more related to expectations around the social customs of driving. For example, a
trajectory or proximity conflict (e.g., the subjective perception of cutting people off, or a
pedestrian passing too closely) may be interpreted as uncourteous or normal depending on
local social customs.?* In describing driving behaviors, note that behaviors aligned with
Drivership can have safety considerations but no social considerations, but not vice versa. In
other words, Drivership cannot be realized through a courteous but unsafe behavior, but it
remains possible to attain Drivership through a safe but uncourteous behavior.

The notion of Drivership is in line with what was proposed in the IEEE 7000 standard, which
details processes by which organizations can include philosophical considerations in product
development and refinement (IEEE, 2021). By taking into account societal expectations from trip
start through trip end, there is opportunity to consciously and deliberately align with
value-sensitive system design methodologies® (Friedman et al., 2015). This standard, which is
not specific to the transportation or technology industries, does not prescribe specific ethical
tenets but rather focuses on an Ethical Values Elicitation and Prioritization process involving
stakeholder groups. The standard notes within the definition of a stakeholder that “some
stakeholders can have interests that oppose each other or oppose the system.” Additionally,
“groups of stakeholders: internal, users, opponents, and external authorities, are treated
differently when risks, ethical values, and impacts are evaluated” (IEEE, 2021).

3.1 Exploring societal expectations around good driving behavior

Societal expectations can be explored through an established (and much debated) thought
experiment. Philosopher John Rawls asked what rules a group of individuals would make if they
did not know each of their own “place in society, class position, wealth, or social status, nor does
anyone know their race, gender, fortune or misfortune in the distribution of natural assets and
abilities, level of intelligence, strength, education, and the like.”(Freeman, 2008). He argues that
in such a situation, the principles that all individuals rationally agree to (or not reject) are fair,
and that fairness extends to any institutions, laws, and conventions required by these principles.
Consequently “the role of the social contract is to represent this idea, that the basic principles of
social cooperation are justifiable hence acceptable [or not rejectable] to all reasonable and
rational members of society, and that they are principles which all can commit themselves to
support and comply with.” (Freeman, 2008)

There is an interesting and real parallel in the transportation ecosystem, wherein we accept
risks as a society but experience them as individuals (Tingvall & Lie, 2021). The average road
user regularly plays multiple roles, moving from being a driver or a passenger in a car or bus, to
a pedestrian (even if just walking from the transit stop, car park, or bicycle rack to their
destination), to a cyclist, etc. often in the same week. Norms and expectations are generated by
a collective, consensus understanding of many road users, each of whom uses the road in

2 What is considered acceptable and expected will differ depending on local driving culture. For example,
what is considered an unexpected or aggressive “cut-off’ during a lane change in one region, may be
expected and necessary in another region.

% Value sensitive design is an approach to engineering design calling for the inclusion of broad
stakeholders perspectives within the conceptualization of a system design, beyond those involved in the
traditional development value-chain, to include those who will be impacted by the existence of a product
(Himma & Tavani, 2008; Friedman et al., 1996)



different ways at different times and who may shortly be occupying a different role.?® Meeting
said expectations becomes the realization of the social contract between road users.
Consequently, societal norms and expectations, by their very nature, include the mutual
agreement on acceptable driving behavior.

Recent work in social philosophy distinguishes two types of expectations?’-%:
e Empirical expectations: “beliefs that a certain behavior will be followed.” (Bicchieri et al.,
2023)

e Normative expectations: “beliefs that a certain behavior ought? to be followed.” (Bicchieri
et al., 2023)*°

The source of these beliefs is not in scope for the present paper, but generally it is attributed
that past experiences shape Empirical Expectations,® and agreed-upon principles shape
Normative Expectations.®?3* Additionally, Empirical Expectations are grounded in descriptive
norms, while Normative Expectations are grounded in social norms (Bicchieri, 2006). As the
reader may have gleaned from the definitions, these two sets are not disjointed. In fact, as
presented below, Empirical Expectations can, over time, influence Normative ones. Additionally,
Normative and Empirical Expectations can result in the same behavior (i.e., when what one has
previously done is what one should do).

% For example, as we get out of a car, and walk a block to our destination, we transition from passenger
to pedestrian.

2 This is not to judge one type of expectation as being superior or preferable to another, but rather to
draw a taxonomic set of distinctions between them, to aid discussion.

2 Expectations are rooted in context; how we as a society form and seek the fulfillment of expectations
around driving differs compared to flying or taking a train (Tingvall & Lie, 2021).

2 “Ought” is used by Bicchieri to focus on expectations drawing on mutual respect; Bicchieri asks us to
“consider... a rule of equal division. In this case we may believe that others ought to ‘divide the cake in
equal parts’ because this is the fair thing to do. We think they have an obligation to follow the rule, a duty
to be fair.” (Bicchieri, 2006). Please note, a legal definition of duty is not being used by the author being
quoted here.

30 Normative Expectations have clear connections to the concepts set forth in IEEE 7000. For example,
the standard uses the term personal maxims to describe a “personal principle of what one wishes for, acts
upon, and thinks that it should be applicable to everyone.” (IEEE, 2021)

3! These expectations draw on past experiences, such that “one expects people to follow R in situations
of type S because one has observed them to do just that over a long period of time. If the present
situation is of type S, one can reasonably infer that, ceteris paribus, people will conform to R as they
always did in the past.” (Bicchieri, 2006)

%2 Normative expectations can be elicited from a wide range of sources, including the technical,
peer-reviewed work and grey literature, rules of the road, regulations, training materials for new drivers,
but also through structured interviews, casual conversations, conference presentations, etc. There is no
one source for Normative Expectations.

33 Empirical and Normative Expectations (confined by the laws of physics and technological capabilities)
may vary based on stakeholder role and personal viewpoint (Pyrialakou et al., 2020; Othman, 2021; Yuen
et al., 2020; Nair & Bhat, 2021).



Importantly, “the Normative expectations condition says that expectations are believed to be
reciprocal. That is, not only do | expect others to conform, but | also believe they expect me to
conform... In large, anonymous groups [as occurs on the roadway], if we do not want to act
contrary to others’ normative expectations it must be because we find such expectations
reasonable” (Bicchieri, 2006). How the range of Normative Expectations on ADSs may differ
from expectations for human drivers and human drivers supported by ADAS is an ongoing,
industry-wide discussion (e.g., (Bonnefon et al., 2024; Hulse et al., 2018; De Freitas et al.,
2021)). Additionally, Normative and Empirical Expectations on behaviors change, stemming
from shifts both in the transportation ecosystem (e.g., the introduction of shared e-scooters) and
beyond (e.g., changes in distracted driving rates due to cell phone usage).

Examples of discrepancies between these Expectations are rife in traffic safety. For example, it
is an Empirical Expectation that some drivers are drunk (according to IIHS, 30% of all fatally
injured drivers had a BAC> 0.08% in 2022 (IIHS, 2024a)), whereas it is a Normative Expectation
that road users ought not to be drunk. Similarly, it is an Empirical Expectation that drivers speed
(according to IIHS, there were 12,000 deaths in speed-related crashes in 2022 (IIHS, 2024b)); it
is a Normative expectation to drive at a safe speed, anchored by the posted limit. Car seat
usage for infants is an example of a behavior where the discrepancy between Empirical and
Normative Expectation is now relatively small; according to a 2021 study, 98.8% of children
under the age of 1 were in a car seat (Boyle, 2023). Minimizing discrepancies such that
Empirical Expectations align with Normative Expectations supports improvements on the
roadway. Furthermore, calibrating ADS behavior to support this minimization is the work of
internal development and evaluation (a process outlined in Figure 2).

Empirical and Normative Expectations do not directly parallel the distinction between unsafe
and safe behaviors. For example, well-intentioned stakeholders might have Normative
Expectations, which if followed, could have unintended side-effects with negative safety
repercussions (Fraade-Blanar et al, 2018). Consider, for instance, a situation in which hard
brake rates dictate insurance premiums, inadvertently setting what could be perceived as a
Normative Expectation that one should not hard brake. One could thus feel incentivized to limit
hard brakes. However, research shows that hard braking is a common mechanism to avoid
collisions; disincentivizing it may have unintended negative consequences.* Nuance, in general
and specifically around possible unintended consequences, is required in considering the
relationship between Normative Expectations and realized driving behavior. Additionally, it is
possible for there to be multiple beliefs about a given behavior within a broad society, when
there is no settled, dominant Normative Expectation (Bicchieri, 2006).3% 3¢

% As noted in Fraade-Blanar et al., (2018) recording of these events “would unfairly penalize the driver
taking evasive maneuvers to avoid a crash” and could, at an extreme, disincentivize said avoidance.
Guidance on how to proceed in such circumstances is limited; for example, the aforementioned 1ISO
39003 DR8-b notes the importance of acting in a manner that is ‘optically’ correct but, despite noting
checks for internal consistency, fails to suggest how to proceed when this conflicts with what is safest
(IS0, 2023).

% For example, a prevailing Normative Expectations has not been established around hands-free cell
phone use while driving; specifically if talking on a handsfree device while driving is acceptable (the same
survey found 19% believed it was dangerous and 42% supported a law prohibiting the behavior)(NCSL,
2024).

% Drivership specifically refers to Normative Expectations “that are followed by a majority of the target
population, significantly affect behavior (intuitively, ‘strong’ norms), and do not fade over time without
external intervention (intuitively, ‘stable’ norms).” (Bicchieri & Demo, 2024)



Beyond expectations of what will happen (based on past experience) and ought to happen
(based on societal obligation), there is a third type of expectation:
e Furtherance Expectations: beliefs on which behavior(s) could be exhibited to enable
continuous improvement of the transportation ecosystem, motivated by the intention to
improve the status quo.

This type of Expectation stems from Drivership’s contribution to roadway citizenship. It refers to
expectations as opportunities to improve the road traffic system in terms of safety, efficiency,
comfort, ease, etc. which could eventually be established as Normative Expectations in a
society.?’

All three types of expectations are constrained by what is possible and
technologically/logistically/physically/etc. viable. It may be that for a given topic, Empirical,
Normative, and Furtherance Expectations align or diverge (Figure 3). For example, if a
low-severity collision occurs on a freeway, it may be an Empirical Expectation that the collision
counterpart drives off (i.e. a hit-and-run) and the other party remains in place where the collision
occurred. It may be a Normative Expectation that both parties pull off to the shoulder. However,
researchers and law enforcement (e.g., Peiris & Harik, 2018; Texas Transportation Code, 2005;
AZ DPS, 2022; ABC 30 Action News, 2021)) may consider that that it would cause less
congestion and provide a safer option if both parties exited the freeway, if possible, and then pull
over to reduce the chances secondary crash (either involving the original vehicle and another
vehicle that comes upon the scene, or other vehicles who are maneuvering to avoid the scene).
This behavior lives in the overlap between Furtherance and Normative Expectations; choosing
to enact this last behavior represents the ongoing process of modifying expectations towards
what is established as preferable based on mutual responsibility to all road users on the
roadway, bearing in mind what is possible (e.g., the vehicles were drivable and there is an exit
nearby).

Societal movements, regulatory efforts to shape/revise/enforce rules of the road, advocacy, etc.
aim to pull Empirical Expectations to overlap with Normative Expectations by normalizing and
then entrenching the desired behavior.®® Careful, deliberate research and cross-functional
discussion represent the process of pulling Normative Expectations into closer alignment with
Furtherance Expectations. These three Expectations and what pulls them closer to or prevents
them from aligning represents important topics for future research.

As society naturally shifts over time, expectations change. This includes changing

37 What is involved in fulfilling an Expectation varies. This variation does not result in prioritization of
expectations or denote quality or realism. Instead it speaks to what it means to achieve or exceed a given
expectation and, by extension, an organization’s role in said achievement. For example, for Furtherance
Expectations like those inspired by Vision Zero, driving behavior is only a portion of the overarching
concept which includes roadway design, vehicle design, etc. (Lie & Tingvall, 2024: Ecola et al., 2018).
Vision Zero cannot be achieved through the efforts of any one company or organization as it entails
shared responsibility. But a contribution to Vision Zero may be shown through, for example, a safety
record, evidence of considering impact on the roadway as could be assessed by the FIA Foundation
Road Safety Index, participating in safety-focused standards and best practices bodies, etc.

% For example, expectations around seat belt use (and subsequently, rates of seat belt use itself)
changed as a result of the 70% by "92 program (CDC, 1992), the subsequent Click it or Ticket Campaign,
etc. (Solomon et al., 2004; Nichols & Solomon, 2013).



conceptualizations on what will happen (Empirical), what should happen (Normative), and what
could happen to improve the transportation ecosystem (Furtherance). Tensions may exist
across the categories of Expectation (intuitively represented in Figure 3). We argue that
Drivership operationalization is grounded in Normative Expectations that are shared at a
societal level.* These Drivership Expectations have Feasible Constraints; regardless of their
basis and/or source, these expectations are confined to what is currently technologically and
physically (i.e., according to the laws of physics) achievable and practical.*

NORMATIVE EXPECTATIONS

Beliefs on which behavior
ought to be exhibited

EMPIRICAL EXPECTATIONS

Beliefs on which behavior Beliefs on which behavior
will be exhibited could be exhibited

FEASIBLE DRIVERSHIP
CONSTRAINTS

Constraints in which
behavior can be exhibited

Sets and intersections not to scale

Figure 3. Drivership (in purple) in relationship to societal Normative, Empirical, and Furtherance
Expectations

A sound conceptualization of Drivership thus needs to ensure that the attributes through which it
is evaluated reflect current, societal, feasible Normative Expectations. Operationalization occurs
with an understanding that non-Drivership expectations may exist (i.e., non-Normative
Expectations, Normative Expectations that are beyond the Feasibility Constraints, Expectations
that do not exist at the societal levels, etc.) and that the ADS is only one of many road users.

% This situation of Drivership Expectations at the societal level clearly recalls its roots in Contractualism;
focusing a “set of principles for the general regulation of behaviour that no one could reasonably reject as
a basis for informed, unforced, general agreement,” (Scanlon, 1998) and motivated by a combination of
“self-regard and by respect for others.” (Ashford & Mulgan, 2007)

40 An excellent illustration of Feasible Constraints can be found in stopping distances. In 2021, according
to Consumer Reports, the average stopping distance (from 60mph) for passenger vehicles was 132 feet
(Bartlett, 2021). A more recent article noted the Ford Mustang Dark Horse set a new record with a
stopping distance (from 60mph) of 86 feet (which involved an average declaration of 1.4Gs) (Dushyant,
2023). Consequently, an expectation of a distance of 75 feet between an obstacle being introduced and
the vehicle coming to a full stop from 60mph would be outside of the Feasible Constraints, because it is
not technologically possible currently. An expectation of 125 feet would be inside the Feasibility
Constraint, while a stopping distance of 175 feet would not be Normative.


https://docs.google.com/presentation/d/1LVWjmfuursSzj0_BpRjkO0UsPGF0EQawgpwEZDUz0U8/edit?resourcekey=0-4Uwac_iN9hrikn7QQ9aDoA#slide=id.g317b8d640d4_1_191

3.2 Towards the operationalization of Drivership

The operationalization of Drivership*' may require a range of different methodologies, including
leveraging expert judgment, in combination, where available, with quantitative behavior
reference models (like those listed in section 2.1). These models have benchmarks calibrated to
or based on driving qualities that meet societal expectations.

One example of such a behavior reference model, applicable to the expectation of responding
properly to potential and actual conflicts, is the NIEON model. This model is intended to
represent the collision avoidance response performance expected from a Non-impaired human
driver with their Eyes ON the conflict. Engstrom et al. (2024) describes how such a quantitative
response model can be fitted to human data from naturalistic driving that fulfill the NIEON
criterion and Scanlon et al., (2022) demonstrate how it can be used as a benchmark in
simulated collision avoidance testing of ADSs. The NIEON model is thus intended to represent
Normative Expectations on collision avoidance performance, as a benchmark for ADS
performance. This can be contrasted to a collision avoidance driver model designed to
represent Empirical Expectations, that is, how drivers in the general population (some of which
may be distracted, impaired, etc.) are expected to respond to conflicts. Such a model may, for
example, provide a probabilistic representation of the collision avoidance performance of the
general driver population (for example, Bargman et al., 2015; Engstrom et al., 2023).

Another example of a reference model is Surprise, described in Dinparastdjadid et al., (2023).
This is a novel type of model applicable to evaluating the expectation of avoiding initiating
conflicts. More specifically, the Surprise model can be used to evaluate the degree of surprise
associated with different maneuvers such as braking and lane changing, as experienced by
other road users. The model is based on comparing the predicted behavior of the ego vehicle to
the actual behavior (i.e., probabilistic mismatch surprise) or, alternatively, how much a current
belief about the future behavior of the ego vehicle changes with new observations (i.e., belief
mismatch surprise). Since traffic conflicts are typically initiated by behaviors that surprise other
road users, avoiding surprising behaviors is key to avoid initiating conflicts.

Other types of benchmarking could apply to rules of the road’s compliance expectations. The
evaluation of compliance with rules of the road remains among the fundamental tenets of
Drivership; within the framing of Figure 3, one could explore setting internal benchmarks to
evaluate the compliance-focused appropriateness of automated vehicle behaviors. On one
hand, Empirical Expectations grounded in the observation of pervasive violations on the part of
human drivers would likely offer low rigor for establishing an acceptable benchmark.? On the

41 The evaluation of Drivership is highly context dependent and involves a holistic understanding of the
spectrum of behaviors that each traffic participant could have undertaken and the entirety of the scenario
timeline. In evaluating, it may prove helpful to speak of Micro Drivership (i.e., analysis of a specific road
user maneuver) and Macro Drivership (i.e., analysis of the chains of maneuvers by different road users,
bearing in mind the broader goals and all the alternatives available to the different road users, long-term
implications, counterfactuals, etc.). It may be that behavior within a scenario, when taken more broadly,
contributes to a larger goal of safety specifically and goodness broadly, but one specific maneuver
appears to be poor (Micro) Drivership. Essentially, “the wrongness of an action depends on the
circumstances in which it is performed.” (Scanlon, 2010)

42 Of note, in actual practice, there are many reasons human road users may make an intentional road
rule violation (which is distinct from an (unintentional) mistake or slip (Parker et al., 2007; Reason, 1990)).
As an extreme example, a survey of bicyclists in Montreal noted that only 0.6% chose behavior that
consistently followed traffic laws, with “it was the safest option,” or “it made sure | was visible to cars” as
the most common reason for not following traffic laws (Chaloux & Ahmed, 2019).



other hand, Furtherance Expectations pushing for a perfect record based on hard coding of
individual rules may discount emergency situations in which rules are violated to preserve safety
or in response to instructions from officers on the road.** A composite benchmark could thus be
devised to combine the verification of ability and proficiency (for example, through
scenario-based testing) with appropriate product governance and management processes
based on internal monitoring of on-road operations.* These processes could be informed by the
setting of feasible (recalling feasibility constraints) and acceptably low rates of occurrence of
pre-specified events of interest. Reference models could then support the devising of behavioral
criteria for compliance capabilities: for example, evaluating timing decisions to proceed at a
yellow light, or stopping location in relation to the geo-specific normative stop line.

Figure 4 visualizes the role that behavior reference models can play within the evaluation of
Drivership, and the connection to societal expectations. This figure shows how the socially
aware and safety-centric qualities of driving behavior are assessed, by individual or overlapping
behavior reference models. On the right is a taxonomic disaggregation of Drivership, the
discrete components of which can, in turn, be evaluated through the use of behavior reference
models (at the bottom of the visual). On the left is the flow illustrating how Empirical, Normative,
and Furtherance Expectations reciprocally relate to this decomposition. Of note, the
operationalization of Drivership - as grounded in feasible Normative Expectations - involves the
precise definition of behavioral requirements for the ADS derived from such Expectations.
Conversely, the specification of behavioral reference models stems from such behavioral
requirements. Two-way arrows in the figure denote the mutualistic nature, as previously
presented in Figure 2.

43 See, for example, the CA DMV provision of Article 3.7 §227.32 (c), stating “except when necessary for
the safety of vehicle’s occupants and/or other road users.” (CA DMV, 2022)

4 This is aligned with the approach Waymo presented in its 2020 paper overviewing the role of various
methodologies for safety readiness determination (Webb et al., 2020).
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Figure 4. A broad framework of the operationalization of Drivership, in connection with
Expectations

4. What is the Relationship between Drivership and a Safety Case?

Having established that Drivership embeds both considerations of safety and social awareness,
the question then becomes what is the connection between Drivership and a safety case. A
safety case is a “structured argument, supported by a body of evidence that provides a
compelling, comprehensible, and valid case that a system is safe for a given application in a
given environment” (UL 4600, 2023). Based on the standardized definition of “safety” (ISO,
2018; IS0, 2022; Favaro et al., 2023), the determination of Absence of Unreasonable Risk
(AUR)* is established as the top-level goal. Determining Absence of Unreasonable Risk
involves assessing risk from behavioral, operational, and architectural hazards*® (Favaro et al.,
2023). For behavioral hazards specifically, Drivership provides the means to assess
reasonableness of behavioral risk in connection to valid societal moral concepts (ISO, 2018,
2022), denoted here as feasible Normative Expectations. Consequently, Drivership supports
identification of the types of driving events most relevant for the behavioral component of
Absence of Unreasonable Risk (AUR). Figure 5 visualizes the intersection between improper
Drivership and risk of harmful outcomes in interactions between road users.

4 An unreasonable risk is a “risk judged to be unacceptable in a certain context according to valid societal
moral concepts.” (ISO, 2018)

6 Per ISO 26262, a hazard is a "potential source of harm" (ISO, 2018). Within the context of Drivership,
we focus on behavioral hazards as those associated with potential sources of harm resulting from the
ADS’s displayed driving behavior. (Favaro et al., 2023)
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Figure 5. The intersection of improper Drivership and the risk of harmful outcomes

While behavior involving improper Drivership (represented in lavender in Figure 5) and behavior
where there is a risk of harmful outcomes (represented in grey in Figure 5) should be
continuously analyzed as part of engineering improvement practices, they should be
appropriately differentiated. Specific to behavioral AUR, it is important to differentiate
interactions where (A) there is improper Drivership but no risk of harmful outcomes, from (B) the
behavior does not represent improper Drivership but, as a result of the larger interaction in
which it occurs, it carries a safety risk, from (C) there is improper Drivership involving a risk of
harmful outcomes.

Drivership’s inclusion of safety-centric and socially-aware behavior can add specificity to safety
evaluation practices along two directions:

1. Risk can still be regarded as reasonable if the driver exhibits proper (even if non-ideal)
Drivership, and even if a high severity collision results. Evaluation provides a needed
lens to identify events wherein there is both a risk of harmful outcomes and improper
Drivership; this lens allows appropriate prioritization safety-critical events, differentiating,
for example, the relevance of conflicts initiated by other road users which still showcase
proper Drivership by the responder (e.g., their proper response resulted in the successful
mitigation of outcomes to a lower degree of severity (as illustrated by (B) in Figure 5)).

2. Improper Drivership, which results from a misalignment between driving behavior and
Normative Expectations (as illustrated in Figure 2 and 3), may not, on its own, be a
sufficient tell of a safety concern. This is nested in the very definition of socially-aware
attributes of Drivership (as described in Section 3. What is Drivership?), which are more
distal to harm manifestation and without a clear or proximal injury risk.

Behavior reference models and methodologies used to evaluate Drivership contribute to the
evaluation of Absence of Unreasonable Risk within a safety case, by assessing the relationship
between on-road behavioral hazards and societal expectations. Thus, evaluating Drivership is
key to assessing the extent to which the risk associated with a given behavioral hazard is
unreasonable*’ (Favaro et al., 2023). For Drivership, the evaluation of a specific event would go

47 Please note, a legal definition of reasonableness or unreasonableness is not being used here.



beyond the contribution to a safety determination to consider appropriateness of and societal
expectations around the behavior.

Finally, because Drivership includes but is not limited to safety, it is considered in all stages of
the Safety Determination Lifecycle (Favaro et al., 2023; AVSC, 2024). Herein, Drivership serves
to inform product behavioral development cycles, as well as the appropriate setup of coherent
internal processes and methodologies to aid credibility and confidence into the performance
evaluation as it may contribute to a safety case.

5. Conclusion: how to move forward

A key question motivates Drivership: what is good driving behavior? This question concerns not
just ADSs but rather all involved in the field of motorized transportation, which has been
enmeshed in society for over a century. It is intuitively clear that there is no objective answer to
this question. Our survey of the subjective answers of other researchers and policymakers
unearthed a wide variety of topics, values, principles, and models, without either a clear path to
operationalization nor an overarching framing. Additionally, these answers frequently lacked a
clear justification for the inclusion or exclusion of certain attributes or perspectives.

We thus began by refining the question on good driving behavior to: what do road users owe
each other (Scanlon, 1998)? This iteration, in turn, led us to analyze stakeholders expectations,
where, based upon prior literature, we taxonomically distinguished between: Empirical,
Normative, and Furtherance Expectations. We chose to anchor Drivership in Normative
Expectations at the societal level, limited by what is feasible; in the simplest of terms, good
driving behavior as the behavior that a driver ought to do and plausibly can do, to be a
good citizen of the roadway (feasible Normative Expectations). This may or may not
overlap with the behavior they are anticipated to do (Empirical Expectations), and/or could do in
order to improve the transportation ecosystem (Furtherance Expectations).

We offer a path toward operationalization by discussing how, among other tools, Normative
Expectations can be used as the basis for the development of benchmarks implemented by
behavior reference models. We also sought to distinguish qualities of goodness in driving
behavior; safe, of course, but also socially aware. This distinction is important when connecting
Drivership to a safety case, which requires in-depth evaluation of those events that combine
both improper Drivership and potential for injury risk

Drivership is a realization of good driving behavior, providing a pathway to achieving this
goal. Growing and maintaining a Drivership approach includes:

1. Developing and supporting the architecture and methodologies that contribute to a
determination of Drivership;

2. Generating and supporting an evolving understanding of dynamic Normative
Expectations with the public, policy-makers, and other key stakeholders to support
operationalization;

3. Analyzing events to understand alignment between behavior and societal expectations;

4. Planning for continuous Drivership improvement to be crafted, according to realistic
expectations on engineering capabilities and technical challenges and constraints;

5. Across stakeholders (and beyond developers), engaging in
consensus-creating-and-confirming activities regarding Normative Expectations on ADS
behavior.

This represents a cyclic process that supports a value-based system approach. Understanding
Empirical, Normative, and Furtherance Expectations represents not a one-time occurrence but
an ongoing, progressive process of change toward the world we want to live in; evolving



answers to the question of good driving behavior requires regular re-alignment into the future.
Further research is needed to develop Drivership into a technology-, and autonomy-neutral
approach to understanding good driving behavior. Advancing a mutualistic Drivership framing
provides definition and supports evaluating "goodness" of behavior, from the road users
involved in Mr. Bliss’s death in New York 125 years ago to those seen today, and into tomorrow.

References

ABC 30 Action News. (2021, June 28). Know the Road with the CHP: What to do when you
have car problems or are in a crash on the freeway. ABC 30 Action News.
https://abc30.com/driving-road-safety-chp-california-highway-patrol/10840461/

Alsaid, A., Lee, J. D., & Price, M. (2020). Moving Into the Loop: An Investigation of Drivers'
Steering Behavior in Highly Automated Vehicles. Human Factors, 62(4), 671-683.

Althoff, M., & Dola, J. M. (2014). Online Verification of Automated Road Vehicles Using
Reachability Analysis. IEEE Transactions on Robotics, 30(4).

American Safety Council. (n.d.). The History of Speed Limits in America: A Nation Speeding Up.
American Safety Council.
https://blog.americansafetycouncil.com/the-history-of-speed-limits-in-america/

Ashford, E., & Mulgan, T. (2007, August 30). Contractualism (Stanford Encyclopedia of
Philosophy). Stanford Encyclopedia of Philosophy. Retrieved May 27, 2024, from
https://plato.stanford.edu/entries/contractualism/#WhaCon

Automated Vehicle Safety Consortium. (2021). AVSC Best Practice for Metrics and Methods for
Assessing Safety Performance of Automated Driving Systems (ADS). SAE Industry
Technologies Consortium. https://www.sae.org/standards/content/avsc00006202103/

Automated Vehicle Safety Consortium. (2024). AVSC Best Practice for Core Automated Vehicle
Safety Information. SAE Industry Technologies Consortia.
https://www.sae.org/standards/content/avsc-d-02-2024/

AZ DPS. (2022). Help Prevent Secondary Collisions by Moving Minor Incidents Off of the
Highway. Arizona Department of Public Safety. https://www.azdps.gov/news/digest/112

Bargman, J., Lisovskaja, L., Victor, T., Flannagan, C., & Dozza, M. (2015). How does glance
behavior influence crash and injury risk? A ‘what -if’ counterfactual simulation using
crashes and near-crashes from SHRP2. Transportation Research Part F, 35, 152-169.

Bartlett, J. S. (2021, January 12). Cars, SUVs, and Trucks With the Best and Worst Braking
Distances. Consumer Reports.
https://www.consumerreports.org/cars/car-safety/best-and-worst-braking-distances-a296
0086475/

Bicchieri, C. (2006). The Rules We Live By. In The Grammar of Society: The Nature and
Dynamics of Social Norms. Cambridge University Press.
10.1093/acprof:0s0/9780190622046.001.0001

Bicchieri, C., & Demo, L. G. (2024). Norm strength and norm stability. Current Opinion in
Psychology, 62. https://doi.org/10.1016/j.copsyc.2024.101957



Bicchieri, C., Muldoon, R., & Sontuoso, A. (2023, March 1). Social Norms. Stanford
Encyclopedia of Philosophy. Retrieved November 6, 2024, from
https://plato.stanford.edu/entries/social-norms/

Bin-Nun, A. Y., Derler, P., Mehdipour, N., & Duintjer Tebbens, R. (2022). How should
autonomous vehicles drive? Policy, methodological, and social considerations for
designing a driver. Humanities and Social Sciences Communications, 9.

Bonnefon, J.-F., Rahwan, I., & Shariff, A. (2024). The Moral Psychology of Artificial Intelligence.
Annual Review of Psychology, 75.

Bouhsissin, S., Sael, N., & Benabbou, F. (2023). Driver Behavior Classification: A Systematic
Literature Review. IEEE Access, 11. 10.1109/ACCESS.2023.3243865

Boyle, L. L. (2023, March). The 2021 National Survey of the Use of Booster Seats. CrashStats -
NHTSA. Retrieved November 6, 2024, from
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813396.pdf

British Standards Institution. (2021, June 16). Digital commentary driving: the new safety
technique. BSI Group.
https://www.bsigroup.com/en-GB/insights-and-media/media-centre/press-releases/2021/j
une/digital-commentary-driving-the-new-safety-technique-that-can-help-put-automated-v
ehicles-on-our-roads/

CA DMV. (2022). Article 3.7 Testing of Autonomous Vehicles.
https://www.dmv.ca.gov/portal/file/adopted-regulatory-text-pdf/

CDC. (1992). Increased Safety-Belt Use -- United States, 1991. MMWR, 41(24), 421-423.

Chaloux, N., & Ahmed, A. (2019). Rules of the Road: Compliance and Defiance among the
Different Types of Cyclists. Transportation Research Record, 2673(9), 34-43.

D'Amato, A., Dancel, S., Pilutti, J., Tellis, L., Frascaroli, E., & Gerdes, J. C. (2022). Exceptional
Driving Principles for Autonomous Vehicles. Journal of Law and Mobility.

Defense Science Board. (2012). The Role of Autonomy in DoD Systems. Department of
Defense.

De Freitas, J., Censi, A., Walker Smith, B., Di Lillo, L., Anthony, S. E., & Frazzoli, E. (2021).
From driverless dilemmas to more practical commonsense tests for automated vehicles.
Proc Natl Acad Sci U S A, 118(11).

De Freitas, J., Zhou, X., Atzei, M., Boardman, S., & Di Lillo, L. (2023). Consumers Hold
Autonomous Vehicles Liable Even When Not at Fault. Working Paper 23-036.

Dinparastdjadid, A., Supeene, |., & Engstrom, J. (2023). Measuring Surprise in the Wild. arXiv.
https://arxiv.org/pdf/2305.07733

Doubek, F., Salzmann, F., & de Winter, J. (2021). What makes a good driver on public roads
and race tracks? An interview study. Transportation Research Part F, 80, 399-423.

Dushyant. (2023, October 6). Ford Mustang Dark Horse Breaks Records with Shortest Stopping
Distance. WheelCircuit.



https://www.wheelcircuit.com/blog/ford-mustang-dark-horse-breaks-records-with-shortest
-stopping-distance

ECE. (2023, March 3). Addendum 156 — UN Regulation No. 157 Amendment 4. Concerning the
Adoption of Harmonized Technical United Nations Regulations for Wheeled Vehicles,
Equipment and Parts which can be Fitted and/or be Used on Wheeled Vehicles and the
Conditions for Reciproc... UNECE. Retrieved September 5, 2024, from
https://unece.org/transport/documents/2023/03/standards/un-regulation-no-157-amend4

Ecola, L., Popper, S. W., Silberglitt, R., & Fraade-Blanar, L. (2018). The Road to Zero. RAND
Corporation.

Engstrom, J., Christophe, E., Lee, J., Supeene, |., & Mathias, R. (2023). US Patent 11,834,070.

Engstrom, J., Liu, S.-Y., Dinparastdjadid ,, A., & Simoiu, C. (2024). Modeling road user response
timing in naturalistic traffic conflicts: A surprise-based framework. Accident Analysis &
Prevention, 198.

Eschner, K. (2017, September 13). Henry Bliss, America's First Pedestrian Fatality, Was Hit By
an Electric Taxi. Smithsonian Magazine. Retrieved May 24, 2024, from
https://www.smithsonianmag.com/smart-news/henry-bliss-americas-first-pedestrian-fatali
ty-was-hit-electric-taxi-180964852/

Fabio, U. D., Broy, M., Briingger, R. J., Eichhorn, U., Grunwald, A., Heckmann, D., Hilgendorf,
E., Kagermann, H., Losinger, A., Bachmann, M. L., Litge, C., Markl, A., Mdller, K., &
Nehm, K. (2017). Ethics Commission: Automated and Connected Driving. Federal
Ministry of Transport and Digital Infrastructure (Germany).
https://bmdv.bund.de/SharedDocs/EN/publications/report-ethics-commission.pdf? __ blob
=publicationFile

Fatally Hurt by Automobile. (1899, September 14). New York Times.
https://timesmachine.nytimes.com/timesmachine/1899/09/14/102413700.pdf?pdf redirec
t=true&ip=0

Favaro, F., Fraade-Blanar, L., Schnelle, S., Victor, T., Pena, M., Engstrom, J., Scanlon, J. M.,
Kusano, K. D., & Smith, D. (2023, March). Building a Credible Case for Safety: Waymo’s
Approach for the Determination of Absence of Unreasonable Risk. Waymo.

Favaro, F. M., Agarwal, S., Nader, N., & Mahmood, S. (2018, August). Towards a Smart World:
Hazard Levels for Monitoring of Autonomous Vehicles’ Swarms. SJSU.
https://transweb.sjsu.edu/sites/default/files/1735_Favaro-Autonomous-Vehicle-Swarms.p
df

Fraade-Blanar, L., Blumenthal, M. S., Anderson, J. M., & Kalra, N. (2018). Measuring
Automated Vehicle Safety: Forging a Framework. RAND Corporation.

Freeman, S. (2008, December 20). Original Position (Stanford Encyclopedia of Philosophy).
Stanford Encyclopedia of Philosophy. Retrieved May 29, 2024, from
https://plato.stanford.edu/entries/original-position/#Veillgno

Friedman, B., College, C., & Institute, M. (1996). Value-Sensitive Design. Interactions,
November - December. https://dl.acm.org/doi/pdf/10.1145/242485.242493



Friedman, B., Kahn, P. H., Borning, A., & Zhang, P. (2015). Value Sensitive Design and
Information Systems. In P. Zhang & D. F. Galletta (Eds.), Human-Computer Interaction
and Management Information Systems: Foundations. Taylor & Francis Group.

Geisslinger, M., Poszler, F., Betz, J., Litge, C., & Lienkamp, M. (2021). Autonomous Driving
Ethics: from Trolley Problem to Ethics of Risk. Philosophy & Technology, 34, 1033-1055.

Gerdes, J. C. (2020). The virtues of automated vehicle safety-mapping vehicle safety
approaches to their underlying ethical frameworks. 2020 IEEE Intelligent Vehicles
Symposium (1V), 107-113.

Hang, P., & Chen, X. (2021). Towards Autonomous Driving: Review and Perspectives on
Configuration and Control of Four-Wheel Independent Drive/Steering Electric Vehicles.
Actuators for Intelligent Electric Vehicles, 10(8).

Himma, K. E., & Tavani, H. T. (Eds.). (2008). The Handbook of Information and Computer
Ethics. Wiley.

Hulse, L., Xie, H., & Galea, E. R. (2018). Perceptions of autonomous vehicles: Relationships
with road users, risk, gender and age. Safety Science, 102.

IEEE. (2021). 7000-2021 - IEEE Standard Model Process for Addressing Ethical Concerns
during System Design. https://ieeexplore.ieee.org/document/9536679

IEEE. (2022). IEEE 2846-2022: Standard for Assumptions in Safety-Related Models for
Automated Driving Systems. https://standards.ieee.org/ieee/2846/10831/

IEEE. (2024). IEEE 3321-2024: IEEE Approved Draft Recommended Practice for the
Application of Assumptions on Reasonably Foreseeable Behavior of Other Road Users
in Safety Related Models. https://standards.ieee.org/ieee/3321/11616/

IIHS. (2024a). Alcohol and drugs. IIHS. Retrieved October 16, 2024, from
https://www.iihs.org/topics/alcohol-and-drugs

IIHS. (2024b). Speed / Speed limits. IIHS. Retrieved October 16, 2024, from
https://www.iihs.org/topics/speed

ISO. (2018). ISO 26262-1:2018 Road vehicles — Functional safety.
https://www.iso.org/standard/68383.html

ISO. (2022). ISO 21448:2022 Road vehicles — Safety of the intended functionality.
https://www.iso.org/standard/77490.html

ISO. (2023). ISO 39003:2023 Road traffic safety (RTS) — Guidance on ethical considerations
relating to safety for autonomous vehicles. https://www.iso.org/standard/50665.html

Itkonen, T. H., Pekkanen, J., Lappi, O., Kosonen, |., Luttinen, T., & Summala, H. (2017).
Trade-off between jerk and time headway as an indicator of driving style. PLoS ONE,
12(10).

Japan Automobile Manufacturers Association, Inc. (2022). Automated Driving Safety Evaluation
Framework Ver 3.0. Sectional Committee of AD Safety Evaluation, Automated Driving
Subcommittee.



https://www.jama.or.jp/english/reports/docs/Automated_Driving_Safety Evaluation_Fram
ework_Ver3.0.pdf

Kongsvik, T., Haavik, T., Bye, R., & Almklov, P. (2020). Re-boxing seamanship: From individual
to systemic capabilities. Safety Science, 130(October).

Lee, J. D., & See, K. A. (2004). Trust in automation: designing for appropriate reliance. Human
Factors, 46(1), 50-80.

Lee, T., & Son, J. (2011). Relationships between Driving Style and Fuel Consumption in
Highway Driving. SAE Technical Paper.

Lie, A., & Tingvall, C. (2024). Are crash causation studies the best way to understand system
failures — Who can we blame? Accident Analysis & Prevention, 196(March).

Mattas, K., Albano, G., Dona, R., Galassi, M. C., Suarez-Bertoa, R., Vass, S., & Ciuffo, B.
(2022). Driver models for the definition of safety requirements of automated vehicles in
international regulations. Application to motorway driving conditions. Accident Analysis &
Prevention, 174(September).

Mattas, K., Makridis, M., Botzoris, G., Kriston, A., Minarini, F., Papadopoulos, B., Re, F.,,
Rognelund, G., & Ciuffo, B. (2020). Fuzzy Surrogate Safety Metrics for real-time
assessment of rear-end collision risk. A study based on empirical observations. Accident
Analysis & Prevention, 148(December).

McKnight, A. J., & Adams, B. B. (1972, April). Driver Education Task Analysis: Task Analysis
Methods. HumRRO Technical Report 72-13.

Michon, J. A. (1985). A critical view of driver behavior models: what do we know, what should
we do? In L. Evans & R. C. Schwing (Eds.), Human Behavior and Traffic Safety (pp.
485-520). Springer US.

Miller, K. (2023, January 23). Designing Ethical Self-Driving Cars. Stanford HAI. Retrieved
August 28, 2024, from https://hai.stanford.edu/news/designing-ethical-self-driving-cars

Nair, G. S., & Bhat, C. R. (2021). Sharing the road with autonomous vehicles: Perceived safety
and regulatory preferences. Transportation Research Part C: Emerging Technologies,
122(January).

NCSL. (2024, September 30). State Cellphone Use While Driving Laws. National Conference of
State Legislatures. Retrieved October 20, 2024, from
https://www.ncsl.org/transportation/distracted-driving-cellphone-use

Nergard, V. (2014). Airmanship — a qualitative approach. Aviation, 18(3).

Nichols, J. L., & Solomon, M. G. (2013). Click It or Ticket Evaluation, 2011 (DOT HS 811 779
ed.). National Highway Traffic Safety Administration.

Nister, D., Lee, H.-L., Ng, J., & Wang, Y. (2019, March 1). The Safety Force Field. Nvidia.
Retrieved October 7, 2024, from
https://www.nvidia.com/content/dam/en-zz/Solutions/self-driving-cars/safety-force-field/th
e-safety-force-field.pdf



Nordfjeern, T., & Simsekoglu, O. (2014). Empathy, conformity, and cultural factors related to
aberrant driving behaviour in a sample of Urban Turkish drivers. Safety Science, 68,
55-64.

NYPD. (n.d.). History of Traffic. New York City Policy Department, CWA Local 1182.
https://local1182.org/about-us/history-of-traffic/

Oh, S., Avedisoy, S., & Orosz, G. (2021). On the handling of automated vehicles: Modeling,
bifurcation analysis, and experiments. European Journal of Mechanics, 90(Nov-Dec).

Oliveira, L., Proctor, K., Burns, C., & Birrell, S. (2019). Driving Style: How Should an Automated
Vehicle Behave? Information, 10(6).

Olleja, P., Markkula, G., & Bargman, J. (2024). Validation of human benchmark models for
Automated Driving System approval: How competent and careful are they really? arXiv.
https://arxiv.org/abs/2406.09493

Othman, K. (2021). Public acceptance and perception of autonomous vehicles: a
comprehensive review. Al and Ethics, 1, 355-387.

Parker, D., Reason, J. T., Manstead, A. S., & Stradling, S. (2007, October). Driving Errors,
Driving Violations and Accident Involvement. Ergonomics, 38(5), 1036-1048.

Pecheux, K. K., Carrick, G., & Pecheux, B. (2023). Secondary Crash Research: A Multistate
Analysis. FHWA-HOP-23-043.
https://ops.fhwa.dot.gov/publications/fhwahop2304 3/fhwahop23043.pdf

Peiris, A., & Harik, I. E. (2019). Vehicle on Shoulder and Crash — Correlation or Causation?
University of Kentucky Transportation Center.
https://uknowledge.uky.edu/ktc_researchreports/1624/

Pek, C., Manzinger, S., Kochii, M., & Althoff, M. (2020). Using online verification to prevent
autonomous vehicles from causing accidents. Nature Machine Intelligence, 2, 518-528.

Peng, C., Merat, N., Romano, R., Hajiseyedjavadi,, F., Paschalidis, E., Wei, C., Radhakrishnan,
V., Solernou, A., Forster, D., & Boer, E. (2024). Drivers’ Evaluation of Different
Automated Driving Styles: Is It Both Comfortable and Natural? Human Factors, 66(3).

Peng, H., Zhu, M., & Lenneman, J. K. (2022, February 23). Automated Vehicles and
Roadmanship: How Safe Robot Cars Can Read the Road Like Humans Do. MCity.
Retrieved September 5, 2024, from
https://mcity.umich.edu/wp-content/uploads/2022/03/Automated-Vehicles-and-Roadman
ship.pdf

Pyrialakou, V. D., Gkartzonikas, C., Gatlin, J. D., & Gkritza, K. (2020). Perceptions of safety on a
shared road: Driving, cycling, or walking near an autonomous vehicle. Journal of Safety
Research, 72, 249-258.

Reason, J. (1990). Errors and violations on the roads: a real distinction? Ergonomics, 33(10/11),
1315-1332.

Reddy, K., Nassif, E., Angeloudis, P., & Quddus, M. (2024). Towards a Universal Evaluation
Model for Careful and Competent Autonomous Driving. arXiv.
10.48550/arXiv.2407.15596



Roy, M. M., & Liersch, M. J. (2013). | Am a Better Driver Than You Think: Examining
Self-Enhancement for Driving Ability. Journal of Applied Social Psychology, 43(8),
1648-1659.

SAE. (2021). J3016_202104: Taxonomy and Definitions for Terms Related to Driving
Automation Systems for On-Road Motor Vehicles. SAE International.
https://www.sae.org/standards/content/j3016_202104/

SAE. (2023). J3164_202301: Ontology and Lexicon for Automated Driving System
(ADS)-Operated Vehicle Behaviors and Maneuvers in Routine/Normal Operating
Scenarios. SAE International. https://www.sae.org/standards/content/j3164_202301/

SAE. (2024). J3330 recommended practice on behavior reference models for evaluating
automated driving systems in traffic conflict scenarios. SAE International.
https://www.sae.org/standards/content/j3330/

Scanlon, J. M., Kusano, K. D., Engstrom, J., & Victor, T. (2022). Collision Avoidance
Effectiveness of an Automated Driving System Using a Human Driver Behavior
Reference Model in Reconstructed Fatal Collisions. Waymo.com. Retrieved September
6, 2024, from
https://lwaymo.com/research/collision-avoidance-effectiveness-of-an-automated/

Scanlon, T. M. (1998). What We Owe to Each Other. Harvard University Press.

Scanlon, T. M. (2010). Contractualism and utilitarianism. In A. Sen & B. Williams (Eds.),
Utilitarianism and Beyond. Cambridge University Press.

Schwarting, W., Pierson, A., Mora, J. A., & Karaman, S. (2019). Social behavior for autonomous
vehicles. PNAS, 116(50).

Shalev-Shwartz, S., Shammah, S., & Shashua, A. (2018, October 27). On a Formal Model of
Safe and Scalable Self-driving Cars. arXiv. https://arxiv.org/pdf/1708.06374

Solomon, M. G., Compton, R. P., & Preusser, D. F. (2004). Taking the Click It or Ticket model
nationwide. Journal of Safety Research, 35(2).

Tennant, C., Neels, C., Parkhurst, G., Jones, P., Mirza, S., & Stilgoe, J. (n.d.). Code, Culture,
and Concrete: Self-Driving Vehicles and the Rules of the Road. Frontiers in Sustainable
Cities, 3(710478).

Texas Transportation Code. (2005). Texas Transportation Code 550.022.
https://statutes.capitol.texas.gov/Docs/TN/pdf/TN.550.pdf

Tillmann, W. A., & Hobbs, G. E. (1949). The Accident-prone automobile Driver: a study of the
psychiatric and social background. American Journal of Psychiatry, 106(5).

Tingvall, C., & Lie, A. (2021). The Concept of “Acceptable Risk” Applied to Road Safety Risk
Level. In R. Vickerman (Ed.), International Encyclopedia of Transportation (pp. 2-5).
Elsevier.

Townsend, B., Paterson, C., Arvind, T. T., Nemirovsky, G., Calinescu, R., Cavalcanti, A., Habli,
l., & Thomas, A. (2022). From Pluralistic Normative Principles to Autonomous-Agent
Rules. Minds and Machines, 1(4), 1-33.



UL 4600. (2023). ANSI/UL 4600 Standard for Safety for the Evaluation of Autonomous
Products. UL Standards & Engagement. Retrieved October 16, 2024, from
https://ulse.org/ul-standards-engagement/autonomous-vehicle-technology

US DOT. (2011). The Haddon Matrix. Highway Safety Improvement Program Manual - Safety |
Federal Highway Administration. Retrieved October 16, 2024, from
https://safety.fhwa.dot.gov/hsip/resources/fhwasa09029/app_c.cfm

Uys, P. E., Els, P. S., & Thoresson, M. J. (2006). Criteria for handling measurement. Journal of
Terramechanics, 43(1), 43-67.

Uzgalis, W. (2001, September 2). John Locke (Stanford Encyclopedia of Philosophy). Stanford
Encyclopedia of Philosophy. Retrieved May 29, 2024, from
https://plato.stanford.edu/entries/locke/

Vinkhuyzen, E., & Cefkin, M. (2016, November). Developing Socially Acceptable Autonomous
Vehicles. EPIC 2016, 2016(1).

Wang, J., Sun, F., & Ge, H. (2018). Effect of the driver’s desire for smooth driving on the
car-following model. Physica A: Statistical Mechanics and its Applications, 512, 96-108.

Wang, Y., Ren, Y., Elliott, S., & Zhang, W. (2019). Enabling Courteous Vehicle Interactions
Through Game-Based and Dynamics-Aware Intent Inference. IEEE Transactions on
Intelligent Vehicles, 5(2).

Waymo. (2022, July 19). Drivership. Facebook. Retrieved May 27, 2024, from
https://www.facebook.com/Waymo/videos/drivership/1498304117289295/

Webb, N., Smith, D., Ludwick, C., Victor, T., Hohnhold, H., Hommes, Q., Favaro, F., Ivanov, G.,
& Daniel, T. (2020). Waymo’s safety methodologies and safety readiness determinations.
arXiv. https://arxiv.org/abs/2011.00054

Weng, B., Rao, S. J., Deosthale, E., Schnelle, S., & Barickman, F. (2020). Model Predictive
Instantaneous Safety Metric for Evaluation of Automated Driving Systems. 2020 IEEE
Intelligent Vehicles Symposium.

Wijayasekara, D., Manic, M., & Gertman, D. (2014). Driving behavior prompting framework for
improving fuel efficiency. 2014 7th International Conference on Human System
Interactions (HSI), 55-60.

Williams, K. (2018, March 30). Who Was the First Person Killed by a Car in New York?
(Published 2018). The New York Times. Retrieved May 27, 2024, from
https://www.nytimes.com/2018/03/30/nyregion/who-was-the-first-person-killed-by-a-car-i
n-new-york.html

Xiao, W., Mehdipour, N., Collin, A., Bin-Nun, A. Y., Frazzoli, E., Tebbens, R. D., & Belta, C.
(2021). Rule-based Optimal Control for Autonomous Driving. arXiv.
https://arxiv.org/abs/2101.05709

Yuen, K. F., Chua, G., Wang, X., & Li, K. X. (2020). Understanding Public Acceptance of
Autonomous Vehicles Using the Theory of Planned Behaviour. International Journal of
Environmental Research and Public Health, 17(12).






