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Abstract 

Driving anger increases risk-taking in traffic and road traffic accident involvement. Herein, we 

examine the links between self-reported and observed driving anger, self-reported and 

observed aggressive driving, and personality traits. Specifically, sixty drivers drove in an 

anger-inducing simulated driving scenario. A video camera recorded their verbal and gestural 

expression during the simulator drive. Two weeks before the simulator drive, we assessed 

participants’ basic personality traits, driving anger expression, and aberrant driving behaviour 

via an online survey. State anger was measured immediately before and after the simulator 

drive. From recorded simulator and video data, we obtained four measures: the number of 

accidents (simulator), an aggressive driving score (simulator), verbal expression of driving 

anger (video), and related gestures and headshakes (video). Verbal and gestural expression 

while driving were related to an increase in state anger in the simulator drive and different 

self-reported measures: While observed verbal expression was positively related to lapses and 

negatively related to constructive expression, gestural expression was positively related to 

both self-reported violations and self-reported aggressive expression. The traits Emotionality 

and Honesty-Humility were related to an increase in state anger and to verbal expression in 

the simulator drive, yet, age and gender modified the relation to personality traits. Results can 

support the development of personalised anger management interventions and anger 

mitigating in-vehicle devices. 

 

Keywords: Driving anger, Driving simulator; DAX; DBQ, HEXACO 

 

Highlights: 

• Driving anger was successfully induced in a driving simulator scenario 

• Verbal expression in the simulator was negatively related to self-reported constructive 

expression 

• Gestural expression was positively related to self-reported aggressive expression 

• Gestural expression may be useful for automated in-vehicle road anger detection 

• Personality was related to anger increase and commenting on others while driving   
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1. Introduction 

Anger is, among other things, related to shorter time for evaluating situations, a tendency to 

attribute failure to others, and higher risk-taking (Lerner & Tiedens, 2006). Correspondingly, 

driving anger is related to hostile attribution of others’ behaviour (Britt & Garrity, 2006), risk-

taking while driving—such as speeding and reckless manoeuvres (Abdu et al., 2012; Zhang et 

al., 2019)—, as well as an increase in the overall accident risk (Wickens et al., 2016; Zhang & 

Chan, 2016). Typical driving anger triggering situations include impeded progress as the most 

prominent one, but also others’ illegal or reckless behaviours and hostility (Deffenbacher et al., 

2016; Holgaard et al., 2018). In addition, people differ in their propensity to get angry in traffic 

and there is a relation between driving anger and general personality characteristics (e.g., 

Dahlen et al., 2006; Deffenbacher 1994).  

Most studies examined the influence of driving anger on driving behaviour by retrospective self-

report measures, such as the Driving Anger Expression Inventory (DAX, Deffenbacher et al. 

2002; DAX-short, Stephens & Sullman, 2014), or the Driving Anger Scale (Deffenbacher et al., 

1994). However, in that case the interpretation and/or memory of the driver may bias the self-

reports. Therefore, simulator-based techniques have been established, which allow for an 

objective assessment of the effect of anger on driving behaviour. With increasing automation in 

driving, knowledge on observable emotional cues becomes increasingly important as the driver 

assistance systems could use this information to initiate or facilitate safety measures.  

In this study, we examined how observed verbal and gestural expression of driving anger 

correlates with subjective measures of state anger and driving anger as well as self-reported and 

observed aggressive driving in a driving simulator. Moreover, we examined how the different 

measures correlate to basic personality traits. This knowledge is relevant for the design of 

interventions for driving anger mitigation both in advanced driver assistance systems as well as 

in driver training programs. 
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1.1 Measurement of driving anger and aggressive driving in the simulator 

Several studies have successfully used a driving simulator to assess the influence of anger on 

different aspects of driving performance. Zhang et al. (2016), for instance, showed that drivers 

in an angry state drove faster, drove closer to the vehicle in front, accepted shorter gaps when 

performing left-turns, but did not have more collisions than in a neutral state. Jeon et al. (2014) 

found that anger negatively affected situation awareness, driving performance, and risk-taking 

behaviour in terms of increased speeding, lane deviation, and infractions of traffic rules. 

Similarly, Abdu et al. (2012) showed increased risk-taking (crossing on yellow and speeding) 

among angry drivers in emergency situations as compared to drivers in a neutral state. Ellison-

Potter et al. (2001) examined the effect of trait driving anger, aggressive stimuli, and anonymity 

on aggressive driving behaviour. Results showed that exposure to aggressive stimuli (aggressive 

text displayed on the billboards) had an effect on aggressive driving (red-light running, 

speeding), but not on the number of accidents. 

Apart from Ellison-Potter et al. (2001), all studies described above induced driving anger before 

the simulator drive either by asking the driver to recall personal anger-related situations (Abdu 

et al., 2012; Jeon et al., 2014), or by showing driving-related video-clips with emotional content 

(Zhang et al., 2016). In such designs, assessing the association between driving behaviour and 

the specific situational factors is not possible. To allow this, a second group of studies expose the 

driver to emotionally challenging traffic situations while driving in a simulator (e.g., Biassoni et 

al., 2016; Emo et al., 2016; Qu et al., 2016; Roidl et al., 2013).  

In one of these studies, Emo et al. (2016) found no association between anger and risk-taking 

behaviours, whereas Qu et al. (2016) found a positive correlation between increased anger and 

speeding but no correlation with the number of accidents. Furthermore, Stephens and Groeger 

(2011) found a relation between anger induced in the simulator and increased speeds, closer 

following distance, and less compliance with the posted speed limit. Roidl et al. (2013) found 

similar results as the drivers who experienced the highest levels of anger drove faster, had 

greater longitudinal and lateral acceleration, and had more speeding violations.  
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In conclusion, several simulator studies find clear associations between driving anger, risk 

taking and traffic violations, while a relation to crash involvement has not been found (Abdu et 

al., 2012; Ellison-Potter et al., 2001; Qu et al., 2016; Zhang et al., 2016). 

While the studies reviewed above used self-report measures such as the DAX to measure 

driving-related anger, Biassoni et al. (2016) examined the verbal and acoustic correlates of 

driving anger. Their study compared drivers in an anger inducing and in a neutral driving 

scenario with regard to self-reported state anger, driving behaviour, verbal expression (number 

and type of words used while driving), and nonverbal vocal expression between both scenarios. 

Drivers in the anger-inducing scenario showed more violations, horn honking, and cursing (use 

of bad words) than drivers in the neutral scenario, while there was no difference in the total 

number of words, the number of words describing one’s driving performance, and the use of 

emotional words. For the development of tailored interventions, it would be relevant to know 

how observed anger expression (e.g., verbal expression) relates to self-reported driving anger 

and to more stable characteristics of the drivers, such as basic personality traits. 

 

1.2 Driving anger expression, aggressive driving, and personality 

Driving anger expression can be measured by the Driver Anger Expression Inventory (DAX), 

developed by Deffenbacher and colleagues (Deffenbacher et al., 2002). DAX relates conceptually 

to the Driver Anger Scale (DAS), one of the earliest standardised measures of anger-related 

thoughts and feelings occurring while driving (Deffenbacher et al., 1994). Driving anger includes 

both a state and a trait component and is related to basic personality traits. Dahlen and White 

(2006) conducted one of the first studies combining driving anger and basic personality traits 

in the prediction of aggression, risk-taking behaviour, and accidents. Like other early studies 

(e.g., Jovanović et al., 2011; Schwebel et al., 2006), they referred to the Big Five personality traits.  

While Dahlen and White (2006) found aggressive driving negatively related to Neuroticism, 

Jovanović et al. (2011) found an indirect effect of Neuroticism on aggressive driving, mediated 

by road anger. Their study additionally found a direct effect of Agreeableness and 
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Conscientiousness on both road anger and aggressive driving. A meta-analytic review (Clarke & 

Robertson, 2005) of the Big Five personality factors and accident involvement shows that high 

Extraversion, low Conscientiousness, and low Agreeableness relate to accident involvement, 

while an expected positive correlation between Neuroticism and accidents could not be 

confirmed across studies.  

More recent studies on the relation between basic personality traits and driving anger and 

aggression are often based on the HEXACO Model of Personality (Ashton & Lee, 2007; Zettler et 

al., 2019). The HEXACO model is an adapted model of the Big Five framework (e.g., Ashton, Lee, 

& De Vries, 2014). Specifically, three HEXACO factors—Extraversion, Conscientiousness, and 

Openness to Experience—rather mirror their Big Five counterparts. Then, two HEXACO 

factors—Emotionality and Agreeableness vs Anger—represent rotated variants of their Big Five 

counterparts (Neuroticism and Agreeableness, respectively). Finally, the HEXACO model 

includes an additional dimension not represented within the five-factor framework, termed 

Honestly-Humility. With relevance to the current study, HEXACO Agreeableness vs Anger 

comprises anger-related aspects (indeed, this is the reason why the developers of the HEXACO 

model, Ashton and Lee, termed this factor Agreeableness vs Anger, and not Agreeableness 

alone), and Honesty-Humility comprises aspects such as being cooperative, fair, honest, and 

sincere. According to a study by Burtăverde et al. (2017), Honesty–Humility relates to all forms 

of driving aggression and the HEXACO model has higher predictive power of driving aggression 

compared with the Big Five model. 

While clear associations between basic personality traits and driving anger have thus been 

established based on self-reported data, such relations have been tested only sporadically based 

on actual driving data. A recent study by Riendeau et al. (2018), for instance, examined the 

relationship between basic personality traits and driving performance measured in the driving 

simulator. Therein, Big Five Extraversion and Neuroticism were negatively associated with safe 

driving performance (i.e., average speed, number of speed exceedances), lateral control (i.e., 

road edge and lane excursions), and total collisions. Further, Conscientiousness showed a 

positive correlation with safe driving, but only among middle-aged drivers.  
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Thus, several studies have identified associations between basic personality traits, self-reported 

anger, and driving performance. However, to the best of our knowledge, it has not been 

examined yet whether anger expression observed in a driving simulator (such as verbal 

aggression or gestures) is related to basic personality traits. 

 

1.3 Aim 

The aim of this study was twofold: First, to examine if we could successfully induce driving anger 

in a driving simulator by specific anger-inducing scenarios, as indicated by a change in state 

anger (STAXI) before and after the simulator drive. We hypothesized that a change in state anger 

would be related to self-report measures of driving anger expression (DAX-short) and traffic 

violations (Mini-DBQ) assessed before the simulator drive, but also to observed measures of 

anger and aggression in the simulator based on verbal and gestural expression, honking, and 

traffic violations.  

Second, we aimed to examine whether observed measures of anger and aggressive driving in 

the simulator as well as a change in state anger before and after the drive were related to basic 

personality traits. We hypothesized that the anger inducing driving scenario would less affect 

participants with comparably high scores on both Agreeableness (because they are generally 

less prone to experience anger) and Conscientiousness (because they are generally more self-

controlled), while people scoring low on Honesty-Humility and high on Extraversion would be 

more affected. For people scoring high in Emotionality, we expected that they got angrier 

through the scenario but that this would not result in more aggressive driving (because they are 

generally not prone to show certain levels of aggressive driving).  
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2. Method 

2.1. Procedure and participants  

The study consisted of two parts: an online survey and a subsequent driving simulator 

experiment. The survey was conducted to assess self-report measures related to driving anger 

expression, aberrant driving behaviour, and personality (see Section 2.2.1), while the simulator 

drive was used to assess observable correlates to driving anger and aggressive driving (see 

Section 2.2.5) and self-reported state anger before and after the drive (see Section 2.2.1).  

We distributed the survey via relevant stakeholders, i.e., The Danish Driving Instructor 

Organisation, the Danish Road Safety Council, and the Federation of Danish Motorists. We 

recruited the participants for the driving simulator experiment among survey participants. Two 

hundred sixteen people indicated that they would be willing to take part in additional parts of 

the study by providing their e-mail address, and were thus asked for their participation in the 

simulator experiment. Sixty-five people gave a positive response and all of them participated in 

the simulator experiment finally. Data of five participants could not be included in the analysis 

due to simulator sickness or extreme behaviours indicating that they did not take the 

experiment seriously. The final sample thus consisted of 43 men (72%) and 17 women (28%) 

aged between 26 and 80 (M = 56.4; SD = 11.5) years. Nearly all (59 out of 60) participants had 

had their driver’s license for more than 3 years.  

 

2.2. Measures and apparatus 

2.2.1. Self-reported measures 

The online survey included standardised scales on driving anger expression, aberrant driving 

behaviour, and personality.  

Self-reported driving anger expression was measured with the short form of the Driving Anger 

Expression Inventory (DAX-short) developed by Stephens and Sullman (2014) consisting of 15 

items. We used a Danish version validated in a previous study (Møller & Haustein, 2018). 
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Therein, we added two items and deleted one from the original inventory to measure 

constructive behaviour more reliably, so that our adapted version consists of 16 items. The DAX-

short includes two subscales, namely, ‘Constructive expressions’ and ‘Total aggressive 

expressions’—the latter is a summary of the more detailed sub-scales ‘Verbal aggressive 

expression’, ‘Personal physical aggressive expression’, and ‘Use of vehicle to express anger’. The 

items were assessed on a five-point Likert-type scale ranging from 1 (‘(almost) never’) to 5 

(‘(almost) always’).  

Aberrant driver behaviour was examined with the Mini-DBQ (Martinussen et al., 2013), a short 

version (nine items) of the Driver Behavior Questionnaire (Reason et al., 1990) that measures 

three behavioural categories: ‘Violations’, ‘Errors’, and ‘Lapses’. Participants were asked to 

indicate how often they perform certain behaviours on a five-point Likert-type scale ranging 

from 1 (‘(almost) never’) to 5 (‘(almost) always’).  

Personality was assessed with the Brief HEXACO Inventory (BHI; De Vries, 2013) of which we 

included 20 items, 4 for each of the following HEXACO dimensions: ‘Honesty-Humility’, 

‘Emotionality’, ‘Extraversion’, ‘Agreeableness’, and ‘Conscientiousness’. The items assessing the 

dimension ‘Openness to experience’ were left out as we did not expect a relation of this 

dimension to road anger expression. Participants were asked to indicate to what extent they 

agree with the statements on a five-point Likert-type scale ranging from 1 (‘strongly disagree’) 

to 5 (‘strongly agree’).  

Additionally, the survey included the following demographic variables: age, gender, and driving 

experience.  

State anger was not included in the online survey but measured before and after the simulator 

drive. It was assessed by the independent sub-scale (six items) of state anger from the State-

Trait Anger Expression Inventory (STAXI; Spielberger, 1988). Participants indicated how they 

felt right that moment (e.g., ‘I’m mad’, ‘I’m angry’) on a 4-point Likert-type scale ranging from 1 

(‘do not agree’) to 4 (‘completely agree’).  
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2.2.2 Driving simulator  

The experiment was conducted using a fixed-based medium fidelity driving simulator equipped 

with the necessary vehicle control systems. The scenario was presented at a rate of 60 Hz on 

three plasma displays (size: 42; front screen resolution: 1920 x 1080 dpi; side screens 

resolution: 1360 x 768 dpi; 150° horizontal and 40° vertical perspective). Speedometer, rear- 

and side-view mirror information was visible on the front and side screens. The scenario was 

developed and real-time simulation was controlled with SCANeR™Studio (AVSimulation) 

software. Two webcams (Logitech® c270) were attached on the front and the back of the 

simulator to record participant’s voice and to film their face and the front screen. For the 

purpose of the analysis, we used OBS Studio software to display recordings from both cameras 

in one frame simultaneously.  

 

2.2.3 Experimental drive 

The experimental drive included a four kilometres long two-lane road with moderate traffic 

density. The speed limit was either 70 km/h (for 3.5 km outside residential area) or 50 km/h 

(for 0.5 km in residential area). The scenario contained eight anger-inducing situations 

developed based on results from a previous study (for details, see Holgaard et al., 2018).  Table 

1 provides an overview of the situations. 
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Table 1. Overview of anger inducing situations included in the simulator drive 

Situation Description   

1 A truck is approaching very close from behind and tailgating the participant.  

2 Two bicyclists are cycling in the middle of the lane in front of the participant. It is impossible to 

overtake safely for 300m, due to oncoming traffic and road geometry (horizontal and vertical 

curves). The truck following the participant honks, whenever participant’s speed falls under 10 

km/h. 

3 The car in front of the participant enters an intersection at a very slow pace. The light turns red 

and the driver (the participant) has to wait for the next green light before crossing the 

intersection. 

4 A pedestrian suddenly crosses the street in front of the participant (in a safe distance).  

5 A car is ignoring the red light and waving-in in front of the participant (in a safe distance). 

6 The driving behaviour of the car in front varies a lot in terms of driving speed (from 30 to 60 

km/h in a 70 km/h speed zone) and lateral position. 

7 A car, approaching from the opposite direction, drives very close to the centre line. 

8 A cyclist turns from the side road in front of the participant (in a safe distance). 

 

2.2.4 Driving simulator experiment procedure 

When participants arrived to the laboratory, they received written information about the 

experiment and signed a consent form. Subsequently, they filled in a short questionnaire on 

state anger (STAXI; see Section 2.2.1) and added a personal, self-generated code, also included 

in the online survey in order to allow connection of data from different sources at the individual 

level. Then the participants familiarized themselves with the driving simulator in an adaptation 

drive on a road with geometrical features similar to the experimental scenario. Each participant 

drove as long as they needed (M=6.3, SD=2.7 minutes) to feel comfortable with the simulator 

controls and simulated environment. Afterwards, they were instructed to drive as they would 

in real life. They were informed that they had six minutes to reach the final destination where a 

person was waiting to hand them the keys for their holiday apartment. A timer was visible next 

to the steering wheel. Participants were instructed to continue to the destination even if they 
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did not make it within the six minutes. After the experimental drive, participants answered the 

state anger questions again. Overall, the experiment took approximately half an hour.  

 

2.2.5. Measures obtained from the experimental drive (observed data) 

We calculated an aggressive driving score based on the sum of z-scores of three variables 

measured in the driving simulator: (1) speeding (percentage of time exceeding the speed limit 

by more than 10 km/h), (2) number of illegal (i.e., in signalised intersection) and dangerous (i.e., 

in curves with less than 150 m sight distance ahead) overtaking events, (3) number of horn-

honking. The sum score was calculated to limit the number of variables.  

Additionally, the number of accidents (i.e., collisions) was counted and included in the analysis 

independently from the aggressive driving score. 

To measure anger expressions in the driving simulator, videos were analysed to count: (1) the 

number of comments (i.e., verbal expressions) aimed at other road users and (2) the number of 

gestures and headshakes (i.e., gestural expressions).  

 

2.3 Analysis 

We used mean scores of STAXI to compare state anger before and after the experimental drive.  

Paired samples t-test was used to examine the differences between ‘before’ and ‘after’ STAXI 

score. 

We calculated Pearson’s correlation coefficients to examine the association between changes in 

state anger (STAXI diff), behaviour measured during the simulator drive (aggressive driving 

score, accidents, verbal expression, gestural expression), self-reported aberrant driving 

behaviour (DBQ), self-reported anger expression (DAX), age, and gender.  

To examine the effect of basic personality traits on a change in state anger and behaviour 

measured during the simulator drive, we calculated four multiple regressions: linear 

regressions for the dependent variables change in state anger, aggressive driving score, verbal 
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and gestural expression; and a logistic regression for the involvement in accidents or not.  For 

all regression analyses, we first entered personality traits alone, and in a second step entered 

age and gender. We used SPSS version 24 (2017) for all analysis. 

 

3 Results 

In this section, we first present how changes in state anger before and after the anger-inducing 

drive relate to subjective and objective measures of driving anger and aggressive driving, age, 

and gender. We then show how different measures of anger and aggressive driving relate to 

personality traits based on regression analysis. 

 

3.1 Induced driving anger in the driving simulator: self-reported and observed anger and 

aggressive driving 

Results show that STAXI scores were on average higher after (M = 12.1, SD = 3.7) than before 

the experimental drive (M = 11.1, SD = 2.7; t = 2.2, df = 59, p < 0.05) indicating that the 

scenarios successfully induced anger. Table 2 provides the correlations of change in state anger 

with other measures.  

As expected, the increase in state anger correlated significantly with verbal expression in the 

simulator, and gestural expression, suggesting that these two measures are suitable indicators 

of driving anger. The correlation with the aggressive driving score was also positive but low and 

not significant (p = 0.25). However, the significant correlation of the aggressive driving score 

with self-reported violations (Mini-DBQ) and the DAX-short aggressive score indicates its 

content validity. Verbal and gestural expression were both related to an anger increase but to 

different self-reported measures: While verbal expression was positively related to lapses 

(Mini-DBQ), and negatively related to constructive expression (DAX-short), gestural expression 

was positively correlated to self-reported violations (Mini-DBQ) and self-reported aggressive 

expression (DAX-short), and the correlation were higher than the ones of verbal expression. 
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The positive correlation of increased state anger with accidents can be interpreted in both 

directions: anger leading to more accidents and/or accidents leading to increased anger. 

However, as accidents in the simulator are related to self-reported errors (DBQ) but not to 

violations or self-reported anger expression, they may rather be an indicator of lower driving 

skills/skills in handling the simulator than the result of aggressive driving. 

An increase in state anger was negatively correlated with age (r = -0.29, p < 0.05). Furthermore, 

women (M = 0.24, SD = 0.34) showed a higher increase in state anger than men (M = 0.04, SD = 

0.34; t(59)= -2.01, p < .05). Thus, older people and men were less affected by the anger inducing 

scenarios. Results show no significant difference in age for women (M = 54.59, SD = 10.54) and 

men (M = 57.16, SD = 11.92), which could otherwise explain the rather surprising gender 

difference in state anger change. Women had additionally more accidents (M = 0.29, SD = 0.59) 

than men (M = 0.07, SD = 0.26; t(58) = 2.07, p < 0.05), which may have contributed to women’s 

higher change in state anger.  
 

Table 2. Pearson correlations of anger measures in the simulator, Mini-DBQ, DAX-short, age, and gender 

 

M SD STAXI 

diff 

Aggressive 

driving score 

Accidents Verbal 

expression 

Gestural 

expression 

STAXI diff 0.10 0.34  0.15 0.28* 0.42** 0.48** 

Mini-DBQ   
  

 
  

Errors 1.27 0.36 0.04 -0.13 0.26* -0.07 -0.16 

Violations 1.72 0.70 0.27* 0.40** -0.07 -0.05 0.32* 

Lapses 1.48 0.50 0.15 0.09 0.19 0.28* 0.24 

DAX-short   
  

 
  

Constructive 3.48 0.61 -0.13 -0.15 -0.10 -0.33* -0.11 

Total aggressive 1.61 0.43 0.23* 0.34** 0.12 0.16 0.44** 

*Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed). 

 

3.2 Relations of anger and driving aggression to personality 
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We calculated regression analyses to estimate to what extent personality traits are related to 

aggressive driving and anger in the simulator drive (see Table 3). For all considered dependent 

variables, we did a first estimation based on personality traits only (Model 1) and in a second 

step added age and gender (Model 2). Only for two dependent variables, the included predictors 

showed a significant effect as compared to an intercept-only model, namely, for the change in 

state anger (STAXI diff) and for verbal anger expression.  

In case of changes in state anger, both Honesty-Humility and Emotionality, but—contrary to our 

expectations—not Extraversion showed relations in the expected direction.  

In case of verbal expressions in the simulator, Extraversion showed an unexpected negative 

effect (i.e., participants with higher scores in Extraversion tended to show less verbal 

expression), while Emotionality was positively related (i.e., participants with higher scores in 

Emotionality tended to show more verbal expression).   

In both regression models, the inclusion of age and gender reduced the effect of Emotionality, 

while it increased the effect of Honesty-Humility (which in case of verbal expression got close to 

the common threshold for significance when controlling for age and gender, p = .051).  

While the non-significant relations of personality traits to accident involvement resemble 

results of previous studies, the non-significant relations to the aggressive driving score were 

unexpected. However, the negative relation of aggressive driving and age becomes even clearer 

when personality traits are taken into account.  
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Table 3. Multiple regression analysis with anger measures in the simulator as dependent variables and personality traits (BHI), 
age, and gender as independent variables. 

 
STAXI diffa 

Aggressive 

driving scorea 

Accident 

dummyb 

Verbal 

expressiona 

Gestural 

expressiona 

 

Model 

1 

Model 

2 

Model 

1 

Model 

2 

Model 

1 

Model 

2 

Model 

1 

Model 

2 

Model 

1 

Model 

2 

Extraversion -0.09 -0.08 0.13 0.16 1.39 1.29 -0.26* -0.26* 0.09 0.11 

Conscientiousness 0.02 0.02 0.14 0.09 0.44 0.50 -0.06 -0.05 0.07 0.05 

Honesty-Humility -0.31* -0.34** -0.06 -0.01 2.11 1.83 -0.21 -0.24 0.00 0.01 

Agreeableness -0.18 -0.13 -0.01 0.00 0.47 0.55 -0.22 -0.18 -0.20 -0.16 

Emotionality 0.33** 0.23 -0.12 -0.20 2.85 3.16 0.26* 0.21 0.22 0.13 

Age  -0.17  -0.34*  1.04  -0.03  -0.24 

Gender  0.23  -0.01  0.35  0.18  0.13 

R2 .50 .57 .06 .17   .29 .32 .08 .15 

adjusted R2 .25 .23 -.02 .06   .22 .23 -.00 .04 

F 3.52** 3.54** .73 1.50   4.40** 3.48** .98 1.36 

Nagelkerke’s R2     .16 .22     

Chi2     5.24 7.13     

*p < .05; **p < .01.  
aBeta values of linear regression models; bOdd ratios of logistic regression models. 
 
 
4. Discussion 

Despite increasing efforts, driving anger remains a relevant safety problem that requires 

interventions (e.g., Wickens et al., 2016; Zhang, 2019). Recent studies even suggest an increase 

in road anger over the last decade (e.g., Møller & Haustein, 2018). 

While well-established self-report measures, like the DAX and DAS, exist, there is limited 

knowledge about the observable correlates of driving anger. In this study, we examined the 

relationship between changes in state anger and a number of observed and self-reported 

measures of anger, aggressive driving, and personality. Anger was successfully induced by 

exposing drivers to a number of anger-provoking situations in a driving simulator. We found 

that verbal—as compared to gestural—expression observed during the simulator drive 



17 

(commenting on other road users) was related to other self-report measures: Verbal expression 

was positively related to lapses (Mini-DBQ) and negatively related to constructive expression 

(DAX-short), while gestural expression was positively related to both self-reported violations 

(Mini-DBQ) and self-reported aggressive expression (DAX-short). This indicates that both 

verbal and gestural expressions observed during the drive are indicators of aggressive (non-

constructive) road anger expressions. The relation between self-reported and observed 

measures indicates awareness of own behavioural patterns in road anger situations and thus 

that road anger interventions should focus on relevant cognitive and behavioural adaptations 

as recently suggested by Møller and Haustein (2018).  

That gestural and verbal expressions were related to different self-report measures, indicates 

that they represent different levels or intensities of anger similar to what Biassoni et al. (2016) 

call hot (“anger-out or rage”) and cold (“milder and more subtle forms”) anger expression. This 

is supported by the fact that although the observed gestural expressions were not very clear 

aggressive signals (e.g., no one showed the finger) and did not include aspects that are explicitly 

measured in the DAX-short, they are more closely related to the DAX-short aggressive 

expression scale than verbal expression, which is measured in a sub-scale. Consequently, 

gestural expression related to road anger probably needs more focus in research on road anger. 

One could, for instance, distinguish between different forms of gestural expression and how 

these correlate to anger and aggressive driving. It would also be relevant to examine whether 

similar relations of gestural expression as found in this study can be found in other cultural 

contexts. 

All in all, the correlations between the observations in the simulator and the self-report 

measures confirm the validity of the used instruments and at the same time indicate that the 

very basic measures of gestures and comments are relevant anger-related correlates that could 

be used for an automatic detection of road anger by an advanced driving assistant. Based on the 

detection of anger, anger-mitigating interventions could be released (e.g., instructions on a 

constructive handling of the situations).  
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Like previous studies, we could not identify a relation between accidents in the simulator and 

any specific road-anger measures. It seems more likely that accidents in the simulator were 

related to lower driving skills than to aggressive driving as indicated by the relation to errors 

(Mini-DBQ) as well as the increase in general anger among the accident-involved participants. 

However, it may also indicate that anger-related cognitive distraction influences drivers 

differently depending on their driving skills, so that low-skilled drivers are more susceptible for 

crash involvement when angry.  

While gender was not related to aggressive driving, women became overall angrier and had 

more accidents in the simulator than men. A previous study (Møller & Haustein, 2018) found 

that anger expression is related to fear and that women get angrier than men do in safety critical 

situations (Holgaard et al., 2018). The result that women in this study got angrier during the 

drive compared to men may thus rather reflect anger and frustration with own driving 

behaviour than others’ and/or fear related to the collisions. In future studies, it should be 

ensured that participants of both genders have similar levels of experience with driving and 

driving in a simulator. This was not controlled for in this study and could be a factor related to 

the overserved gender effect.  

However, gender did not have a significant relation to accidents in the simulator when 

personality traits were controlled for, and Emotionality showed an even stronger relation to a 

change in state anger when gender was controlled for. The relation of gender to feelings of anger 

but not to road anger expression is also in line with some results of previous studies, indicating that 

female road users more often get angry (e.g., Deffenbacher et al., 2016; Oehl et al., 2019; Sullman, 

2006; Sullman et al., 2007), while male road users show more aggressive expressions of anger (e.g., 

Møller & Haustein, 2017). Furthermore, there is also evidence that gender roles (femininity vs. 

masculinity) play a larger role for anger expression than biological sex (Sulman et al., 2017), perhaps 

even more in countries with more equal gender roles and less hierarchical structures, like Denmark or 

other Northern European countries. The effect of biological sex and gender roles on anger and anger 

expression should thus be subject to further investigation. 
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As expected based on previous studies (e.g., Herrero-Fernández, 2011; Møller & Haustein, 2017), we 

found that age was negatively related to aggressive driving and anger expression. This observation is 

also in line with more general research showing negative links between age and different forms of 

aggressive or antisocial behavior (Archer, 2004; Berry, et al., 2007; Gerlach et al, 2019).  

When looking at the effects of the personality traits on the different road anger variables in the 

regression analysis, we found that Honesty-Humility and Emotionality were relevant factors of 

changes in state anger induced by the anger-provoking driving scenarios and of commenting on 

other road users during the drive. Interestingly, these two traits are also the only HEXACO traits 

for which a recent meta-analysis (with Ns around 200,000) found substantial gender 

differences, with women scoring higher on both Honesty-Humility and Emotionality than men 

(Moshagen et al., 2019). Indeed, in both regression models the inclusion of age and gender 

reduced the effect of Emotionality, suggesting that Emotionality does not play a role once 

participants’ gender is considered. On the other hand, in both regression models the inclusion 

of age and gender increased the effect of Honesty-Humility, suggesting that individual 

differences in this trait (and maybe concerns of fairness as well as a modest nature in general) 

are relevant beyond gender. More generally, though, links between personality traits and the 

different outcomes were rather weak, and should be re-examined based on larger and more 

representative samples. In our sample, next to the moderate sample size overall, older men were 

overrepresented, which has to be outlined as a limitation of this study as well as reflecting a 

potential self-selection bias. 

In conclusion, we successfully induced anger in a simulator drive and found changes in state 

anger related to self-reported and observed measures of driving anger as well as personality 

traits and gender. A better understanding of different forms of driving anger can be used to 

develop more effective interventions for the general driver education (e.g., Haustein et al., 

2020) or the treatment of high-anger drivers (e.g. Deffenbacher, 2016). Knowledge about 

observable correlates of driving anger is also relevant for the development of in-vehicle 

technologies that could automatically detect driving anger and react with anger-mitigating 

interventions.  
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