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In Level 3 conditional automation, drivers can perform non-driving-related tasks (NDRTs), but must safely and smoothly

resume control when the automated driving system (ADS) exits its operational design domain (ODD), triggered by a

takeover request (TOR). In this context, driver trust in automation critically influences the timeliness and effectiveness of

responses to takeover requests (TORs).

Takeover warning systems are essential for facilitating this transition. Although two-stage systems—providing a

monitoring request (MR) prior to the TOR—have shown potential benefits in improving takeover performance, research

has predominantly focused on single-stage alert designs. Notably, the interaction between driver trust and alert system

design remains largely unexplored.To address this gap, we conducted a driving simulator study using a 2 (trust level: high

vs. low) × 2 (alert type: TOR-only vs. MR+TOR) within-subjects design. We examined how trust in automation and alert

system design affect drivers’ attention allocation and takeover performance. Data were collected through subjective trust

ratings, eye-tracking metrics, and objective driving performance measures to assess attention allocation and takeover

performance during the control transition.

Results showed that under high trust, drivers allocated more time to the NDRT and exhibited slower reaction times.

Compared to the TOR-only condition, the MR+TOR condition enhanced both visual engagement with the driving

environment during the monitoring phase and overall takeover performance. Furthermore, a significant interaction was

observed: under low trust, the MR+TOR system led to faster reactions and higher success rates, whereas under high trust,

the TOR-only system produced superior takeover performance. The effectiveness of a takeover warning system depends

on the driver’s trust level, suggesting that optimal performance requires matching the alert strategy to the driver’s trust.

These findings provide empirical support for the development of adaptive takeover warning systems that dynamically

adjust based on the driver’s trust state.
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