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Abstract

Automation misuse and acceptance, influenced by trust, environmental conditions, and confidence, have hindered drivers from
fully benefiting from partially automated vehicles. This study investigates how driver trust changes with AV reliance, differences
in mental and physiological states, and continuous measures’ effectiveness. The takeover drivers reported lower trust than the
non-takeover drivers in all scenarios. Nontakeover drivers’ elevated DLPFC activation aligns with trust networks and emotion
regulation. The groups also differed in neural activation preand during scenarios with the takeover group showed more PFC,
V2V3, and IFC engagement pre-scenario. Gaze revealed the takeover group fixated more on the AV button or dashboard,
indicating readiness to take over, while non-takeover drivers focused on the rearview mirror, reflecting situational awareness.
HRYV responses showed higher physiological arousal in the takeover group pre-scenario. In summary, our multimodal approach
reveals takeover behavior is associated with lower trust, cognitive unloading, increased stress, and anticipatory visual attention.
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Since the introduction of partially automated vehicles (AVs),
automation misuse and technology acceptance have been
preventing drivers from realizing AV’s full advantages.
Various factors, such as trust, environmental conditions, and
self-confidence, determine the extent to which drivers rely
on automated systems (Gao & Lee, 2000).

Trust in automation significantly influences driver inter-
actions with AVs (Lee & See, 2004). Continuous evaluation
of trust in AV is necessary, as trust is a dynamic and latent
concept. Popular trust surveys are discrete and may not
fully capture drivers’ dynamic cognitive processes (Jahedi
& Méndez, 2014). Objective measures of neural and physi-
ological responses offer the potential to complement trust
surveys and capture dynamic changes in trust.

Studies have examined neural correlates of driver states:
Increased activity in the prefrontal cortex has been observed
during manual driving compared to partially automated
driving (Sibi et al., 2016). Also, distrust in AVs is associated
with heightened activation in the Broca’s area, inferior fron-
tal cortex (IFC), and the dorsal-lateral prefrontal cortex
(DLPFC) (Seet et al., 2022). Eye-tracking fixations have
also been proven effective in capturing drivers’ perceptions
and behavioral responses to automation (Rudin-Brown &
Noy, 2004). Gaze behaviors of stationary gaze entropy
(SGE) and gaze transition entropy (GTE) have been linked
to fundamental driver states and cognition (Chen et al.,
2022; Shiferaw et al., 2018). Physiological signals, such as

heart rate variability (HRV), have been established as reli-
able indicators of mental workload, stress, and fatigue
(Nacpil et al., 2021). Changes in HRV have been associated
with variations in trust levels, suggesting its potential to pre-
dict driver takeover behaviors (Du et al., 2020).

This study aims to explore the perception-cognition-action
processes to answer how driver trust change based on AV reli-
ance decisions, the differences in mental and physiological
states among drivers with varying takeover behaviors, and the
effectiveness of continuous measures in reflecting trust. Fifty-
seven drivers participated in a single session of AV interac-
tions in a medium fidelity driving simulator. All had valid US
driver’s licenses and no prior AV experience. They were
allowed to initiate takeovers at any point during the experi-
ment, reflecting their actual reliance behavior, and were
instructed to engage the AV system when safe. The experi-
ment included four variable AV performance scenarios: two
crash avoidance and two silent failure scenarios. In-drive sur-
veys included the Situational Trust Scale for Automated
Driving (STS-AD) (Holthausen et al., 2020), the Situational
Awareness Rating Technique (SART) survey (Taylor, 1989),
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and single-item questions on fatigue and workload. Mean and
peak neural activations were collected using functional near-
infrared spectroscopy (fNIRS). HRV data were analyzed for
indicators of fatigue and stress. Gaze behavior was tracked
for fixations, SGE, and GTE to uncover cognitive processes.

Linear mixed-effect models were utilized with participants
as random factors to assess differences between phases (pre-
and during scenarios), and behaviors (based on participant
non-takeover and takeover behaviors). Independent samples
t-tests evaluated differences in subjective responses and take-
over behaviors.

Across scenarios, the takeover group perceived lower
trust in AVs, and the non-takeover drivers’ higher overall
trust levels were primarily driven by aspects of AV perfor-
mance, judgment, and risk perceptions. Heightened neural
activations of non-takeover drivers in DLPFC corroborate
with existing evidence on trust networks, modulated with
emotion regulation. Causal studies have shown that excit-
atory DLPFC activity is related to enhanced trust (Hopko &
Mehta, 2022). We also found that the two groups differed in
their neural activation pre- versus during scenarios.
Consistently we observed that the takeover group exhibited
greater engagement of the PFC, V2V3, and IFC pre-scenario
than during the scenario, while the reverse was found for the
non-takeover group. Such brain dynamics align with find-
ings from studies where lower trust correlated with higher
prefrontal cortex activation (Hopko & Mehta, 2022; Seet
et al., 2022), suggesting the top-down process of anticipa-
tory attentional control.

The takeover group fixated more on the AV button or
dashboard areas and exhibited exploratory gaze behav-
iors, indicating their readiness to take over manual control
and increased uncertainty. In contrast, the non-takeover
drivers tended to focus more on specific areas like the
rearview mirror, indicating reflective behavior and height-
ened situational awareness necessary for the top-down
process involved. The increased anticipatory attentional
control in the takeover group pre-scenario was also evi-
dent in HRV responses, wherein the group exhibited
greater physiological arousal pre-scenario when compared
to during the scenario.

Our multimodal approach depicts associations of take-
over behavior with lower subjective trust and cognitive
unloading, and higher physiological stress and anticipatory
visual attention.
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