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ABSTRACT

Adaptive Cruise Control (ACC), a system designed to support the vehicle’s longitudinal
movement, maintaining a driver’s selected speed and gap between itself and the
vehicle ahead, has been described and offered to drivers as a convenience system
(e.g., McGehee et al., 2008), rather than as a safety system. Despite this description,
ACC has the potential to have added safety benefits for the driver. This paper provides
areview of the literature with respect to the current state of the research on the impact
of ACC on human behavior related to driving and to examine the potential safety
benefits, as well as current limitations, of ACC. We found that exposure and use of
an ACC system impacts driver behavior, trust, understanding, and perception of ACC.
Overall, research suggests that although ACC may have some safety benefits, these
benefits can be contingent on how the individual uses or misuses the system.

Keywords: Adaptive cruise control, Driver behaviors, Advanced driver assistance systems
(ADAS)

INTRODUCTION

The recently increasing proliferation of the inclusion of advanced driver
assistance systems (ADAS) in vehicles has the potential to increase driver
safety and impact how drivers interact with their vehicles. Research suggests
that a subset of ADAS systems, front crash mitigation systems, such as
forward collision warning (FCW) and automatic emergency braking (AEB),
have resulted in reductions to rear-end crashes (PARTS, 2022).

Systems such as Adaptive Cruise Control (ACC), have been described
and offered to drivers as convenience systems (e.g., Lee et al., 2008). ACC
is designed to support the vehicle’s longitudinal movement, maintaining a
driver’s selected speed and gap between itself and the vehicle ahead. Although
ACC can slow the vehicle to maintain the selected gap between itself and the
vehicle ahead, ACC is generally not designed to engage full braking in the
event of an emergency (although many vehicles with ACC also have FCW
and AEB systems). As an assistance system, the driver is still responsible to be
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attentive to the forward roadway, maintain safe distances, respond to hazards
ahead, and maintain ultimate control of and responsibility for the vehicle.

Despite this characterization, ACC has the potential to have added safety
benefits for the driver. The primary focus of this review is to understand the
impact of ACC on human behavior related to driving and to examine the
potential safety benefits, as well as current limitations, of ACC.

METHODOLOGY

We conducted a literature review using several databases, including
Google Scholar, the Institute of Electrical and Electronics Engineers (IEEE),
the Human Factors and Ergonomics Society (HFES), SAE International,
Transportation Research, International Documentation (TRID), ProQuest,
and PsycInfo. We used keywords relating to ACC, ADAS, driver behavior,
driver response, and mental models. After reviewing articles, we found
themes relating to the following topics: (1) the relationship between
ACC and driving behavior, including vehicle control, driver attention
and distraction, and behavioral adaptation, responses to system failures;
(2) drivers’ understanding, or “mental model” of the ACC system, and how
these mental models either enhance the safety features of ACC or impart
mental confusion or error; (3) how drivers’ understanding of the system
affects their trust, perception, attitudes and/or beliefs of the system, and how
these perceptions could lead to changes in drivers’ interaction with the system.
Finally, we discuss future directions of driver interaction with ACC.

DRIVING BEHAVIOR

Vehicle Control

As stated above, ACC is designed to maintain vehicle control — specifically the
driver’s selected speed and gap between their vehicle and the vehicle ahead.
Given this, ACC has the potential to provide benefits to the driver on a variety
of aspects of vehicle control. Researchers have examined several of these
aspects including speed, time headway, lateral control, and passing behavior.

Speed. ACC allows the driver to select their preferred speed and then
modulates the vehicle’s speed depending on the vehicle ahead. Research
examining driver’s selected speed is mixed; some research suggests that
drivers select higher speeds during ACC use compared to manual driving
(e.g., Hoedemaeker & Brookhuis, 1998; Saad, 2004; Martin & Elefteriadou,
2010; Monfort et al., 2022), while other research suggests that this is not
the case (e.g., Piccinini et al., 2014; Saad, 2004). Monfort et al. (2022) also
found that drivers using ACC drove above the speed limit at a greater rater
(95%) than during periods of manual driving (77%). In addition to selected
speed, research has also found lower levels of variability in speed than manual
driving (e.g., Viti et al., 2008).

Time Headway. In addition to speed, many ACC systems allow drivers
to select their preferred gap between themselves and the vehicle ahead (e.g.,
Honda Motor Company, 2024; Ford Motor Company, 2024). In order to
examine the impact of this on driver behavior, researchers examine time
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headway, which is defined as the time interval between a lead and following
vehicle. Overall, the majority of research shows that driving with ACC results
in longer time headway when compared to manual driving (Keifer et al.,
2005; Lin, Hwang & Green, 2009; Ohno, 2001; Park et al., 2006; Piccinini
et al., 2014; Sayer et al., 1997; Viti et al., 2008) and less headway variability
(e.g., Martin & Elefteriadou, 2010). This effect, however, may be modulated
by speed (Hoedemaeker & Brookhuis, 1998), levels of driver aggression (e.g.,
Viti et al., 2008), and intent to overtake or change lanes (e.g., Martin &
Elefteriadou, 2010; Viti et al., 2008).

Researchers have also examined the impact of ACC on the driver’s ability
to respond to hazards. Lee et al. (2006) assessed driver performance during
ACC and manual driving during mild, moderate, and severe braking events.
They found that using ACC resulted in longer time-to-collision and helped
drivers to maintain a longer safety margin during mild and moderate braking
events.

Lateral Control and Passing Behavior. Although ACC does not have a
role in controlling the vehicle lateral movements, researchers have suggested
and shown that that using ACC will result in fewer lateral deviations than
vehicles operated under manual control (e.g., Ohno, 2001). In addition to
lateral deviation, the General Motors and the National Highway Traffic
Safety Administration (NHTSA) Automotive Collision Avoidance System
Field Operation Test (ACAS FOT) program found that using ACC resulted in
increased lane dwelling and decreased passing behavior (Kiefer et al., 2005).

Driver Attention and Distraction

Researchers suggest that ACC results in a decrease in the visual demand
required for manual driving, which may in turn free up resources for drivers
to misuse the system and allocate those resources to secondary tasks (e.g.,
Rudin-Brown et al., 2003; Rudin-Brown & Parker, 2004). Consistent with a
decrease in visual demand, several studies have demonstrated that ACC may
result in decreased attention allocated toward the forward roadway (e.g.,
Malta et al., 2011; Morando et al., 2016; Morando, 2017; Rudin-Brown,
2010; Rudin-Brown & Parker, 2004; Tivesten et al., 2015) or reduced head
movements which may suggest a narrowing of attention (e.g., Lee & Nam,
2003). It is important to note, however, that this reduced attention toward
the forward roadway did not necessarily result in drivers misusing the system.
For example, Morando et al. (2016) found that most glances off path were
driving-related, consistent with Morando (2017), which demonstrated that
visual behavior was tied to the driving task and that drivers were responsive
to hazard-related cues. Furthermore, other research found that drivers kept
their attention on the primary driving task in critical situations (e.g., Malta
et al., 2011), that drivers showed anticipatory responses in hazard-related
situations (Tivesten et al., 2015), and that driver perceived ACC-induced
deceleration as a cue to look ahead in case of an arising conflict (Morando
et al., 2016).

Despite these findings, there is always the possibility that drivers will
misuse the system and allocate their attention away from the driving task.
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For example, Naujoks et al. (2016) found an increase in secondary task
engagement when ACC was engaged, but only for participants that had prior
experience with ACC. Conversely, however, Reagan et al., (2021) found
that drivers secondary task engaged decreased with more ACC experience.
Further, Reagan et al., (2021) demonstrated that ACC use was associated
with lower levels of secondary task engagement than manual driving overall.
For those studies that directed drivers using ACC to engage in secondary
tasks, they found that drivers reported lower levels of mental effort and
increased processing associated with the secondary task (Naujoks et al.,
2016; Rudin-Brown & Parker, 2004); reduced situational awareness (De
Winter et al., 2014), reduced driving performance (Borowsky & Oron-Gilad,
2016).

Behavioral Adaptation

Several behavioral adaptations in response to ACC use have already been
described above, including speed maintenance, headway time, lateral
positioning, and eye movements. Beyond these examples, the use of ACC
can potentially lead to other changes in driving behavior. For instance, in a
simulator study on a two-lane roadway, there is evidence that the use of ACC
can lead drivers to spend more time in the left-hand lane (Hoedemaker &
Brookhuis, 1998). This may be linked to drivers selecting higher speeds while
using ACC and a desire to avoid slower vehicles in the right-hand lane. Other
research has found that a majority of drivers did not change their frequency of
lane changes while using ACC (Llaneras, 2007). This too would be consistent
with selecting a lane to avoid slower vehicles.

System Failures

Because ACC is an assistive technology and requires drivers to be attentive
and be ready to respond to hazards, drivers must be ready to intervene when
the system cannot handle the roadway conditions, whether due to sensor
failures or suddenly encroaching vehicles. Research on driver responses to
system failures or requests to intervene indicate that drivers’ understanding
and awareness of the system limitations are critical to prompt responses
to potential hazards ahead. For instance, drivers who did not receive
information on the possibility of ACC system failures took longer to respond
to an imminent crash, were more likely to crash, or were more likely
to be unaware of system changes (Park et al., 2006; Kikuchi & Fujii,
2005; Horiguchi et al., 2010). Inversely, drivers who received training and
instruction on the ACC system were more likely to react more quickly to
imminent hazards or intervene prior to approaching the limits of the system
(Kikuchi & Fujii, 20035; Kircher et al., 2014). Researchers have emphasized
that driver awareness of the limitations of ACC systems can reduce system
misuse (e.g., Rudin-Brown & Parker, 2004).

Continuous information as to the state of the automation can assist drivers
in understanding when to re-engage with longitudinal control of the vehicle
(Seppelt & Lee, 2007). Not surprisingly, multimodal alerts (e.g., auditory,
visual, haptic) have been found to be effective means of alerting drivers when
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the system cannot respond effectively to the roadway conditions (Lee et al.,
2006; Saito et al., 2021). However, there are instances in which the ACC
system may fail in the absence of any explicit warnings or alerts. In events
where the ACC system engaged in unwanted acceleration, most drivers were
found to steer rather than brake to avoid a collision (Nilsson et al., 2023).
This may be due to the fact that drivers may feel more in control of lateral
movements via the steering wheel when the ACC system is engaged and
controlling longitudinal velocity.

MENTAL MODELS

ACC presents some limitations, creating the potential for drivers to place
excessive trust in the system, especially if their mental model of the system
is inaccurate. As a result, dangerous on-road situations can occur. Driver
intervention is required in certain situations that cannot be handled by ACC,
and so trust, acceptance, and an accurate mental model of the system are
crucial for the appropriate use of ACC.

Studies have suggested that many drivers hold misconceptions about the
capabilities of their ACC systems, suggesting that drivers’ mental models of
how these systems function do not always match reality (Llaneras, 2007).
Drivers who were either unaware or unsure of ACC limitations were more
likely to use ACC when tired or on curvy roads compared to drivers aware
of ACC’s limitations, suggesting lower levels of awareness coupled with high
levels of trust in ACC may correspond to potential misuse of the system
(Dickie & Boyle, 2009).

Studies examining drivers’ mental models on driving performance and
safety found that those drivers with stronger mental models of ACC were
quicker to respond in edge-case situations than those with weaker mental
models, for example when the ACC system did not detect an object such as
a slow-moving motorcycle (e.g., Gaspar et al., 2020; Gaspar et al., 2021).
Research suggests that strong mental models reduce uncertainty about how
ACC would perform in edge-case situations (Gaspar et al., 2021). For those
drivers with weaker mental models, performance deficits seem to mostly be
associated with uncertainty about the ACC system’s behavior in edge-case
situations (Gaspar et al., 2020).

Drivers with more accurate mental models of ACC are associated with
increased glancing behavior towards the road ahead compared to drivers
with less accurate mental models, although these differences diminished with
system exposure (Benson et al., 2021). These findings show that drivers with
weaker mental models spend less time with their eyes on the road, suggesting
that these drivers tend to rely on the system instead of remaining as aware of
traffic conditions (Benson et al., 2021).

Regardless of drivers’ baseline knowledge about and mental models of
ACC, exposure to ACC systems and training on ACC features have been
shown to improve mental models of ACC (Beggiato & Krems, 2013; Pradhan
et al., 2023; Hungund et al., 2024; Pai et al., 2023). This is the case especially
when drivers are exposed to associated edge-case driving situations, and
even when drivers are given inaccurate information about the features and
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capabilities of ACC systems (Beggiato & Krems, 2013; Pradhan et al., 2023).
Additionally, training on ACC systems via text-based training or diagram
visualization training has been found to improve mental models, though
without any correlation between post-training mental model scores and trust
scores (Hungund et al., 2024).

While mental models and trust of ACC can drastically differ across drivers,
potentially leading to dangerous misuse, exposure to ACC systems improves
mental models, leading to safer use of ACC systems.

TRUST, PERCEPTION, AND BELIEFS

Understanding driver trust and acceptance in ACC is critical for examining
appropriate use of the system. Trust in ACC is influenced by several variables,
including initial mental models of the system (as described above), driver
knowledge, and driver experience. Studies have found that drivers have
an incomplete or incorrect understanding of the limitations of ACC, which
impacts levels of trust in the system (DeGuzman & Donmez, 2021; Llaneras,
2007). DeGuzman and Donmez (2021) found that non-owners with better
knowledge of ACC limitations exhibited lower trust, while those with a bias
toward believing in the system’s capabilities had higher trust. Additionally,
they found that owners tended to overestimate system capabilities even
though owners did not necessarily have better knowledge than non-owners.
Llaneras (2007) found that 99% of ACC users were unaware that the system
does not recognize stationary vehicles, highlighting the need for improved
education about the limitations of the system.

In another study, researchers found that drivers who were unaware and
unsure of ACC limitations exhibited riskier behaviors, such as using ACC
on curvy roads or while driving fatigued (Dickie & Boyle, 2009). In this
study, drivers who were aware, unaware, or unsure of ACC limitations
all reported high trust in ACC, indicating that misplaced trust, specifically
among unaware and unsure drivers, could potentially lead to system misuse.
Overall, these findings suggest that trust in ACC is not always built on an
accurate understanding of ACC, but instead, perceptions of the system’s
reliability.

Several studies have found that experience with ACC predicts trust in the
system. Interestingly, studies have shown that trust in ACC increases with
experience, even when system failures occur (Rudin-Brown et al., 2003;
Rudin-Brown and Parker, 2004). Further, research has shown that drivers
who were exposed to both routine and rare failures with ACC developed
more accurate mental models of the system and adjusted their trust in the
system over time and exposure (Pradhan et al., 2023). However, some
research suggests that exposure and experience alone is not enough to
increase trust in the system. For example, Beggatio and Krems (2013) found
that when drivers were provided with overly optimistic information about
ACC prior to use, their trust in ACC tended to decrease when they were
exposed to limitations in the system.

Individual differences were also found to be related to trust in ACC.
For example, drivers with an external locus of control were more likely to
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over-rely on ACC and react more slowly to system failures, and sensation-
seekers were more likely to engage in secondary tasks while using ACC
(Rudin-Brown & Parker, 2004).

Finally, external factors have also been found to relate to trust in the ACC
system. For example, Reagan et al. (2022) found that trust in the ACC system,
as well as awareness and understanding of the system, was higher among new
vehicle buyers compared to used vehicle buyers. These findings also suggest
that buyers’ experience with the vehicle seller may partially contribute to the
increase in information received and the increase in buyer understanding of
the system (Reagan et al., 2022).

Overall, trust in ACC appears to be high among drivers. However, evidence
shows that trust in ACC can be based on misconceptions regarding the
capabilities of the system. Additionally, drivers who lack a foundational
understanding of the limitations of ACC are more likely to misuse the system,
which can lead to unsafe driving behaviors. Based on the overall evidence, it
may be essential to increase both exposure and education in order to decrease
risk and over-reliance in the system.

CONCLUSION

Despite often being described as a convenience system, ACC has the potential
to enhance driver safety by assisting the drivers in maintaining larger safety
margins, as well as indirect benefits to traffic flow or a reduction of crash risk
(e.g., Lee et al., 2006; Lin, Hwang & Green, 2009; Ohno, 2001). However,
the effectiveness of ACC is highly dependent on the driver’s understanding
and proper use of the system. While ACC can reduce visual demand (e.g.,
Rudin-Brown & Parker, 2004) and allow for better speed and headway
management (e.g., Viti et al., 2008), it also poses risks if drivers misuse
the system or have inaccurate mental models. Trust in ACC is generally
high (Rudin-Brown et al., 2003; Rudin-Brown and Parker, 2004), but it can
be based on misconceptions about the system’s capabilities (DeGuzman &
Donmez, 2021; Llaneras, 2007). Therefore, increasing driver education and
exposure to ACC is crucial to ensure safe and effective use, minimizing the
risk of misuse and enhancing overall driving safety.
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