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Motivation 
L3 automated driving enables drivers to engage in non-driving-

related tasks (NDRTs), but this also weakens situation awareness 
(SA) and creates risks during takeover. A core motivation is 
therefore to help drivers reconstruct SA without sacrificing NDRT 
efficiency. 

Drivers need to understand both surrounding road users and the 
vehicle’s intended behaviors, yet prior work has not adequately 
communicated these two streams of information in a dynamic and 
integrated way. 

Conventional visual cues often compete with NDRT for attention, 
which motivates the exploration of peripheral interactions, such as 
surround sound and airflow, to support SA reconstruction more 
naturally. 
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Main idea 
We propose a multimodal peripheral interaction framework for L3 

automated driving, using peripheral cues rather than visually 
demanding displays, to deliver situational information while 
drivers engage in NDRT. 

We convey two types of key information by two modalities: 
surround sound encodes road user information such as category, 
direction, and distance, while airflow encodes the vehicle’s 
intended behaviors such as braking and steering. 

A further main idea is to organize the interaction around dynamic 
risk: these two modalities are jointly modulated by time to collision 
(TTC)-based risk levels, with changes in sound rhythm and 
airflow frequency continuously reflecting how the traffic situation 
evolves over time. 
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We encode surrounding road users’ category, direction, distance, 
and risk level into surround sound cues, while encoding the 
vehicle’s intended behaviors such as braking and steering, 
together with their risk level, into airflow cues. 

 
Mapping between driving information and encoded auditory and airflow 

cue 

Method 
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Conceptual illustration of the proposed multimodal coding for conveying road 
user information and intended vehicle behaviors through surround sound and 
airflow cues. (a) A scenario. (b) According to (a), drivers hear the sound of a 
footstep from speaker 2, a motor roar from speaker 1, and a ringing bell mainly 
from speaker 2. The sound will move along the dotted line in the speakers. (c) 
When drivers hear the footstep sound from the right front, they will feel the 
airflow from the front nozzle, which indicates braking 

System overview 
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We evaluate the proposed 
interaction design through two 
consecutive studies:  

• Study 1 aims to compare the 
effects of surround sound, 
airflow, and their integration. 

• Study 2 further tests whether 
the integrated interaction 
remains effective under 
different levels of NDRT 
difficulty. 

Overview of the study procedure 

Study design 

Implementation of the proposed system 
in the driving simulator 

ENGINEERING Inform Technol Electro
n Eng



Major results 
Surround sound was more effective for awareness of road user 

information, whereas airflow was more effective for awareness 
of intended vehicle behaviors, with a more pronounced gain 
under the hard task. 

Both surround sound and airflow improved NDRT efficiency. 

Average scores of SA-U (score of road user 
information), SA-B (score of vehicle 
behaviors), and SA-O (overall SA) 

Average performance of 
NDRT efficiency 
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Major results 

Both surround sound and airflow 
reduced workload, and airflow 
showed slightly higher mental 
demand than surround sound. 

Both surround sound and airflow 
improved user experience, trust, 
and sense of control; notably, 
airflow outperformed surround 
sound in sense of control. 

Task difficulty showed no 
significant effect on UX. 

NASA-TLX results in different conditions 

Mean values for UEQ factors and trust 
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This paper aims to address the tension between reconstructing 
SA and maintaining NDRT efficiency in L3 automated driving. We 
propose a peripheral interaction method, using surround sound to 
convey road user information and airflow to convey intended 
vehicle behaviors. 

The results showed that both surround sound and airflow 
improved SA and NDRT performance, while their integration 
achieved the best overall performance. Across different NDRT 
difficulty levels, the integrated interaction still improved SA and 
NDRT efficiency, reduced subjective workload, and enhanced user 
experience, with a more pronounced SA benefit under harder 
tasks. 

Conclusions 
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