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Advances in vehicle technologies, including automated driving, have progressed rapidly; however, improving the psychological comfort 

of drivers and passengers remains important. This requires identifying factors that induce psychological burden and developing 

quantitative measures. Prior studies have focused mainly on specific conditions, leaving the range of burden-inducing situations 

insufficiently explored. This study aimed to construct psychological burden scales for drivers and front-seat passengers (DPBQ and PPBQ) 

using a data-driven approach. Free-description data were classified using BERTopic to obtain an overall understanding of traffic 

environments that induce psychological burden. Based on the identified topics, questionnaire items were then generated using a large 

language model (LLM). Finally, the factor structures and validity of both scales were examined. 

Firstly, An online survey was conducted with daily drivers aged 18+ under a driver condition (N = 1,100; 550 female; M = 50.8, SD = 

11.5) and a front-seat-passenger condition (N = 550; 250 female; M = 49.9, SD = 12.5). Participants provided demographics, driving style 

(DSQ; driver condition only), and free descriptions of situations that induced negative psychological states. After screening and splitting 

multi-content responses, 3,527 sentences (1,544 passenger) were analyzed using BERTopic to cluster semantically similar descriptions. 

The driver and passenger conditions yielded 23 and 18 clusters, respectively, revealing diverse psychological burden factors such as 

olfactory stimuli and insects/animals. External environmental factors were prominent for drivers, whereas driver-behavior-related factors 

were prominent for passengers (Table 1). 

Next, to construct psychological burden scales based on the identified topics, representative sentences were extracted from the 

BERTopic-classified descriptions using MMR (690 driver and 270 passenger sentences). Based on these sentences, an LLM generated 

questionnaire items for each topic, as well as additional items to cover traffic situations not sufficiently represented, resulting in 80 

candidate items for the driver condition and 73 for the passenger condition. Online surveys were then conducted with daily drivers aged 

18+ for the driver condition (N = 500, M = 51.5, SD = 12.2) and passenger condition (N = 500, M = 51.8, SD = 11.6). For convergent and 

discriminant validity testing, an additional 948 participants (M = 50.3, SD = 12.2) completed the WSQ and TDPI. 

Exploratory factor analysis revealed three-factor structures for both the DPBQ and PPBQ, with cumulative contribution rates of 0.60 

and 0.65, respectively (Table 2). The DPBQ comprised factors related to the road/visual environment, surrounding vehicle behavior, and 

discrepancies from expected driving/in-vehicle conditions. The PPBQ comprised factors related to unstable driver behavior, the 

road/visual environment, and the in-vehicle environment. Correlations with the WSQ generally exceeded .50, whereas those with the 

TDPI were below .15, supporting convergent and discriminant validity. 

 Overall, the data-driven analysis identified diverse psychological burden factors, including those potentially overlooked in previous 

studies. Based on these findings, the DPBQ and PPBQ were developed to capture both shared and role-specific psychological burdens of 

drivers and front-seat passengers. Future research will examine individual differences in these psychological burdens. 

 

 

Table 2 : Factor Loadings from Exploratory Factor Analysis 

(Driver/Passenger Conditions) 

 

 
 
 

 

Table 1: List of Topics Eliciting Psychological Burden 

in the Driver and Passenger Conditions  
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