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ABSTRACT: Driving is a common daily activity, where the experience of negative emotions, such 

as stress/anger, can frequently occur. The repeated experience of cardiovascular activation associated 

with negative emotions can be detrimental to long-term health. However, these physiological changes 

can be quantified via wearable technology to enable insight and self-reflection from the perspective 

of the individual. A study was conducted to explore the impact of data visualization on cardiovascular 

reactivity and self-regulation in response to driver stress.  
 

INTRODUCTION 

High-levels of negative emotions can have adverse implications for health, including inflammation, 

which can impact long-term cardiovascular health (e.g. developing coronary heart disease and 

hypertension) [1]–[3]. However, this cumulative damage can be reduced with the use of effective 

coping strategies, the development of which can be supported using wearable technology [4]–[5]. 

This work presents our mobile platform, which captures data during daily commuter driving. This 

includes psychophysiological data collected from wearable devices, including heart rate (HR), heart 

rate variability (HRV) and pulse transit time (PTT). This was enhanced with contextual data collected 

via a smartphone, including location, vehicle speed and photographs of the driving view. These data 

were then used to create an interactive visualization of changes in cardiovascular stress. 
 

MATERIALS AND METHODS 

Eight participants took part in the study to collect data during eight commuter journeys to/from work 

(four during the journey to work and four during the journey back to their residence). The initial two 

days of data collection were referred to as a pre-test phase. Data from all four journeys during this 

phase were translated into an interactive visualization of each cardiovascular measure (HR, HRV, 

and PTT) and mapped on the geospatial route. Participants were invited to explore their data 

visualization and a structured interview was performed to assess perceptions and insights into the 

cardiovascular data. After exposure to the interactive visualization, data were collected from 

participants during four subsequent commuter journeys, known as the post-test phase. 
 

RESULTS 

High journey impedance is characterized by slow vehicle speed due to high traffic density and is 

known to be a source of cardiovascular stress during the driving task [6]. Periods of high journey 

impedance were identified for both pre-test and post-test phases based on vehicle speed (i.e. <10mph). 

The impact of the data visualization on cardiovascular reactivity during high journey impedance was 

explored using a two (before vs. after visualization) x two (AM drive vs. PM drive) repeated measures 

ANOVA. Results indicate that heart rate significantly declined during high journey impedance during 

the post-test phase compared to the pre-test phase (see Fig. 1). The analyses also revealed that HRV 

significantly increased during the post-test phase, which was indicative of reduced inflammation 

during high traffic impedance (see Fig. 1). The strength of the effects found and the statistical 

significance is F(1,7) = 22.2, p <.01, effect size = 0.76. 
 

DISCUSSION AND CONCLUSION 

The results provide evidence that exposure to the interactive visualization had a positive effect on 

cardiovascular reactivity to stress during real-world driving. The impact of high journey impedance 

on the cardiovascular system was significantly ameliorated after participants had been exposed to the 

data visualization. It is questionable whether the data visualization itself or the introspective exercise 

was responsible for this effect and further research is required to explore this issue. 
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a) b) 

Figure 1: Boxplots that illustrate a) mean heart rate and b) mean heart rate variability before and 

after exposing participants to the visualizations. 
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