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Abstract. Recent technological developments in active advanced driver assistance systems and in-car infotainment 
devices have contributed to reducing the number and severity of road accidents as well as improving and simplify-
ing driver experience. However, these systems may impact driving performance in undesired ways, especially when 
emotionally-charged stimuli are used as warning signals. Emotional distraction can be a serious danger, causing delays 
in information processing, and reducing driving safety below minimal acceptable levels. Here we study the effect of 
emotionally-laden auditory signals on the speed of concurrent driving decisions. We distinguished two categories of 
behavioural responses: ‘urgent’ vs ‘evaluative’. In the experiments reported here participants were quicker to evaluate 
whether a traffic scene was risky or not after hearing an emotionally-charged auditory stimulus than after a neutral 
one. However, urgent (braking) responses to the same scenes were not affected by the emotional quality of the auditory 
signal. Based on these results, we give preliminary advice on the design of guidelines for in-car interfaces particularly 
in the field of affective in-car computing.
Keywords: risk taking, risk perception, safety, traffic, emotion, ADAS.
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Introduction

How often have you been in a car with a child who start-
ed crying or laughing during the trip? What was your 
reaction? Could these events influence our response 
to emergencies or risky situations? Could they change 
our driving behaviour? Just as these emotionally-laden 
sounds may have an effect on the way you drive, the use 
of affective sounds as warning signals may have unex-
pected effects on the driver. This study investigated the 
effects of emotional sounds on the ability to evaluate and 
react to traffic situations. 

A growing body of work has pointed out ‘that 
emotion and cognition not only strongly interact in 
the brain, but that they are often integrated so that 
they jointly contribute to behaviour’ (Pessoa 2008). It 
is, hence, likely that emotions also play a role in driv-
ing behavior (Groeger 2000); however there is no com-
mon agreement between international transport police 
organisations in considering an emotional distress as a 
road crash factor (NHTSA 2010). Particularly, in the 

field of road safety, there has been a surge of research 
on the effects of distractors (for example, a cell phone 
ringing) on driving quality (NHTSA 2009). However, 
less obvious sources of distractions (e.g. daydreaming 
or driving extremely emotionally aroused) have not 
been so frequently investigated (NHTSA 2009). Several 
countries (for example, New Zealand, Spain, or Canada), 
consider the emotional state of the driver in the more 
general category of inattention/distraction, which is how 
NHTSA started to classify emotion as from September 
2010 (NHTSA 2010).

Driving under emotionally induced activation 
seems to cause an increase of unsafe on-road behaviour. 
Several researches have suggested that simple environ-
mental noise (in a congestion situation, for example) or 
noise inside the passenger compartment of a car might 
increase the probability of aggressive driving behaviour 
(Mizell et al. 1997; Pullwitt 2008; Daimler Communica-
tions 2010) and reduce road safety. According to Groeger 
(2000), this can be due to the reorganization of goals 
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and priorities under emotion and the restricted way in 
which the attention is deployed to the driving task. In 
this area, Briggs et  al. (2011) demonstrated that driv-
ing under high-arousal due to negative emotions may 
give rise to goals that are irrelevant to driving and that 
compete with the relevant ones, reducing overall perfor-
mance. However, the studies that indicated the relevance 
of emotion in traffic safety have been largely focused on 
emotional states characterized by extreme negative level 
of valence and high arousal, for example: provoked/frus-
trated (McGarva, Steiner 2000), angered (Mesken et al. 
2007) or anxious (Briggs et al. 2011) drivers (see Table). 

This fact could be related to the wrong belief that 
‘happy drivers are better drivers’ (Eyben et al. 2010), see 
Fridman and Forster (2010), for a general review about 
the effects of affective experience on performance. Nev-
ertheless the relationship between emotional states and 
risky driving behaviour seems to be more complex than 
it has been previously assumed – see, for example, Pêch-
er et al. (2009), Di Stasi et al. (2010a, b), Megías et al. 
(2013, 2011a, b). In general, these studies focused on the 
interaction between cognitive and emotional processes 
and the effects of these on risky behaviour, considering 
realistic experimental settings such as virtual driving 
simulators.

Table. Effects of driving emotionally aroused on the driving 
task. Strong emotions, both positive and negative, can affect 

drivers and how they use reduced risk driving decisions, 
adapted from OPI (2006)

Excited drive inattentive
Angry drive aggressive
Sad slow reaction time
Depressed slow reaction time
Anxious slow reaction time
Stressed drive aggressive
Worried drive inattentive

Frustrated drive aggressive

In an original work, Pêcher et al. (2009) used music 
clips with different emotional valence (happy, sad and 
neutral) to influence driver’s behaviour. ‘Happy’ music 
clips distracted drivers more significantly than sad and 
neutral clips, inducing them to decrease their speed and 
to impair lateral control (it has to be noted, that in this 
research confunding factors, as the rhythm and melody 
of the used song, could have influenced the effect va-
lence on the measured dependent variables). Similar 
results were found by Di Stasi et  al. (2010a). In this 
study the authors showed that emotional sounds could 
interfere with safe driving behaviour in a simulated road 
environment in which safety depended on the drivers 
ability to carry out a secondary detection task. Drivers’ 
performance on the secondary task was influenced by 
the emotional features of the sound: a negative-valenced 
sound (scream) and a neutral abstract sound led to 
shorter reaction times than either a positive-valenced 
sound (laugh) or the absence of any sound when the 

complexity of the task was medium and high. Di Stasi 
et al. (2010b), using the same emotional sounds, studied 
the effects of an auditory warning system on the braking 
profile and gaze orientation in a number of presented 
risky scenarios. Some of the potential risky situations 
were cued by an emotional sound. Results showed that 
hearing a neutral abstract sound induced the riders to 
decrease their speed and focus their gaze on relevant 
areas of the visual field, while the emotional sounds 
(positive and negative) did not, decreasing road safety. 
Furthermore, Megías et al. (2011a, b), focusing on visu-
al stimuli presentation, showed that emotional pictures 
(negative and positive) displayed while driving reduced 
the response times and increased the discriminability in 
subsequent risky situations. 

All the above-cited research point out that ‘to be 
emotionally aroused’ could interfere with the on-going 
task performance more than neutral emotional states 
(Pêcher et al. 2009; Di Stasi et al. 2010b), and in addi-
tion, that negative stimuli appear to have the capacity 
to recruit attentional resources more readily (Di Stasi 
et  al. 2010a; Megías et  al. 2011b). Thus, these studies 
demonstrate that some kind of emotional stimuli can 
hinder the decision-making process while driving. Nev-
ertheless most of this research on the role of emotions 
in the control of behaviour has focused on the manipu-
lation of contextual (i.e. frame, see Slovic et  al. 2004) 
and specific factors (i.e. moods, see Pessoa 2009). In fact, 
scarce attention has been devoted to uncover whether 
task features can modulate the effect of emotional state 
on driver behaviour in ecological road environments. In 
this vein, Megías et  al. (2011a) distinguished between 
Urgent and Evaluative road user behaviours. Urgent be-
haviours are performed under high time-pressure and, 
when successful, they will help to avoid high negative 
outcomes (as when we brake because the vehicle ahead 
has stopped suddenly). On the other hand, Evaluative 
behaviours, are considered a type of categorization pro-
cess (as for example to classify a road scene as risky or 
not). In addition, Megías et al. (2011a) suggested that 
Urgent and Evaluative behaviours are differentially af-
fected by the emotional states. 

1. The Current Study

Following the original works of Pêcher et al. (2009) and 
Di Stasi et  al. (2010a, b) we investigated the effect of 
emotional and neutral auditory signals on the responses 
to risky traffic situations. Unlike Megías et al. (2011a, b), 
that focused on the influence of visual stimuli (emotion-
ally charged pictures), here we wanted to study more 
ecological and commonly occurring traffic situations, 
i.e. to investigate the impact of emotionally-laden audi-
tory stimuli on the driver’s performance (response errors 
and speed). Two experiments were designed by chang-
ing the task requirements (see Method section for more 
details), that required different kinds of behaviour from 
the participant (namely: Urgent and Evaluative). Experi-
ment 1 was designed to uncover how emotional sounds 
influence an urgent behaviour, and Experiment 2 was 
purported to demonstrate the emotional modulation of 
evaluative responses. 
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1.1. Experiment 1
1.1.1. Method and Participants
A total of 19 undergraduate students (age: M = 21.37, 
SD = 2.21; age range: 18–27 years; 3 men and 16 women) 
took part in this study in exchange for course credits. All 
had normal or corrected to normal vision and normal 
auditory capabilities. Furthermore, every participant had 
a driving license (having had their license for 18 months 
on average). Before the experiment they were informed 
of their rights according to the Helsinki declaration and 
they gave their informed consent.

1.1.2. Apparatus and Materials
Participants were seated comfortably in a darkened 
room, 57 cm from the screen centre (1024×728 reso-
lution), and held a mouse in front of them with both 
hands. A discriminative reaction time task was devel-
oped and controlled by the E-Prime software package. 

A set of four naturalistic road pictures were pre-
sented to the participants. The pictures had been taken 
in a local highway (Granada, Spain) from behind the 
driver’s seat, and showed a road with 4 different traf-
fic conditions, two risky and two non-risky situations 
(see Fig. 1). For non-risky trials, pictures showed normal 
road situations (according to the Spanish road code); in 
contrast in the risky situations road traffic laws were 
violated (see also Serrano et al. 2011). Emotional warn-
ings consisted of three auditory stimuli (presented at a 
level approximating 75 dB from fixed monitor speakers) 
that lasted for 850 ms. The sounds were two emotion-
ally charged voices: a baby’s scream and a baby’s laugh, 
selected from the International Affective Digitized 
Sounds – IADS – Bradley, Lang (1999) – numbers 261 
and 110, respectively, see Di Stasi et al. (2010a, b), for 
further details, and a neutral sound: ‘cork’ (number 726, 
also selected from the IADS).

1.1.3. Design and Procedure
The experiment was arranged as a 3×2 repeated meas-
ures factorial design, with Emotional cue (Positive, Neg-
ative and Neutral) and Road Situation (Risky vs. Non-
Risky) as factors. The dependent variables were reaction 
time and accuracy for the risk decision-making task.

At the beginning of the experimental session, par-
ticipants received a general description of the structure 
of the experiment and completed a demographic ques-
tionnaire assessing self-reported health, hearing abil-
ity, native language, and driving license status. During 
a short briefing, participants were informed about the 
timing of the experiment, and signed an informed con-
sent form. The experiment consisted of 3 blocks of 144 
trials, (24 trials of each experimental condition). It start-
ed after a training block (4 trials of each experimental 
condition), during which the experimenter checked that 
participants understood the task. Each trial follows the 
next sequence (Fig. 1): after a fixation point (750 ms), 
the emotional warning cue was presented for 850 ms. 

Next, the target traffic picture (Risky or Non-Risky 
situation) was presented. Participants were asked to 
respond as quickly and accurately as possible, pressing 
mouse buttons, indicating whether they would break or 
not. The mapping between the right and the left mouse 
buttons and the type of response was balanced across 
participants. After the response or a maximum time of 
1700 ms, a blank screen was shown for a variable in-
terval between 500 to 1500 ms. The sequence of trials 
was selected randomly for each participant. No feedback 
regarding the accuracy of their performance was given 
during the course of the experiment. 

Following the recording session, participants were 
asked to rate their experienced valence and arousal, 
while viewing/hearing the sound cues and the target 
traffic scenes (4 road-pictures and the 3 emotional cues) 
using the paper-and-pencil version of the Self-Assess-
ment-Manikin-Scales – SAM – (Lang 1980). To rate the 
level of valence, subjects were instructed to describe the 
stimuli ‘pleasantness’ as positive or negative on a 9-point 
rating scale (in which 1 point is the most negative and 
9 points is the most positive). For arousal evaluation, 
participants had to describe the activation induced by 
the presented stimuli, from ‘high activation’ to ‘low acti-
vation’ on a nine-point rating scale (in which the point 1 
represented the lowest induced activation and the point 
9 represented the highest induced activation). By an 
analysis of the reliability of experimental data for both 
arousal and valence it has been estimated a consistency 
value of 0.86 and 0.87 respectively. The whole experi-
mental session took about forty minutes.

Fig. 1. Experimental procedure and parameters
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1.1.4. Results
Behavioural Data. Accuracy and reaction times (only 
for correct responses) were submitted to a 3 (Emotional 
cue: Positive, Negative, and Neutral) × 2 (Road situa-
tion: Risky, Non-Risky) repeated measures analysis of 
variance (ANOVA). Previously, the data were checked 
to verify compliance with the assumptions of normality 
and homogeneity of variance for accuracy and reaction 
times (Kolmogorov-Smirnov test, p > 0.05; Levene’s test, 
p > 0.05). Results of the ANOVA on accuracy showed no 
significant main effects or interaction. According to the 
ANOVA on reaction times, there was a main effect of 
Road Situation, F(1, 18) = 9.18, MSE = 3553, p = 0.007 
(Fig. 2). Reaction times were slower to Risky (797 ms) 
than to Non-Risky (763 ms) scenes. No other differences 
reached significance.

1.1.4. SAM Rating 
Differences between valence and arousal of Risky and 
Non-Risky scenes were tested using a one-way analysis 
of variance on the SAM ratings for the pictures of those 
scenes. Risky scenes were rated less positive (M = 2.86, 
SD = 1.07) than the Non-Risky ones (M = 5.42, SD = 
1.29), F(1, 18) = 49.03, MSE = 1.26, p < 0.0001. Consist-
ent results were found for the analysis of induced-acti-
vation: Risky pictures generated higher activation (M = 
7.60, SD = 1.11) than Non-Risky pictures (M = 5, SD = 
1.24), F(1, 18) = 37.26, MSE = 1.73, p < 0.0001. 

The level of activation varied across emotional cues, 
F(2, 36) = 14.68, MSE = 1.12, p < 0.0001. LSD post hoc 
analysis revealed that participants rated as more activat-
ing the positive cue (M = 5.89, SD = 0.99) and the nega-
tive one (M = 6.57, SD = 1.26) than the neutral one (M = 
4.73, SD = 1.14). Also significant differences were found 
for the valence dimension, F(2, 36) = 39.92, MSE = 2.04, 
p < 0.0001. Valence was higher for positive (M = 7.73, 
SD = 1.91) than for negative (M = 3.73, SD = 1.52) and 
neutral sounds (M = 4.89, SD = 1.24). The valence of the 
neutral cue also was higher than that of the positive cue. 

1.1.5. Discussion
The main results of this study is that braking is faster, 
but equally accurate, for risky than for non-risky scenes, 
independently of whether the scene was preceded by 
emotional or neutral sounds. This result replicated the 
recent findings of Di Stasi et al. (2010a), that showed a 
reduction of driver reaction time when a negative va-
lence was associated to the presented stimuli. Thus, the 
speed-up of the braking response can be accounted for 
by the emotional features of the target scene, so that 
high arousal/low valence seems to ease the behaviour. 
However, this effect can also be explained assuming 
that braking is an urgent response as not braking when 
the driving situation requires it can lead to fatal con-
sequences (Megías et al. 2011a). Finally, the absence of 
an effect of the emotional cues can be the simple con-
sequence of a failure in the selection of the emotional 
sounds. However, given that both valence and arousal 
induced by these stimuli were significantly different, it 
can be more parsimonious to assume that some kind of 
behaviours are harder to affect by emotional manipula-
tions. We pursued further this idea en the next experi-
ment, in which participants make an evaluation of the 
scene riskiness.

1.2. Experiment 2
1.2.1. Methods and Participants
A total of 20 undergraduate students (age: M  = 21.7, 
SD = 2.31; age range: 18–27 years; 4 men and 16 wom-
en) took part in this experiment in exchange for course 
credits. As in the first experiment, all participants pos-
sessed normal or corrected to normal visual and audi-
tory capabilities and all had a driving license (having 
had their license for 20 months on average). They signed 
an informed consent form that described the risks of the 
study and the treatment of personal data. The experi-
ment was conducted in accordance with the Helsinki 
Declaration.

1.2.2. Apparatus and Design
Apparatus and design used in this experiment were 
identical to those in Experiment 1, except for the ques-
tion the participants were asked to respond to. In this 
case, the participants were requested to judge whether 
the traffic scene depicted was risky or not, using the 
same device as in Experiment 1. The response mapping 
was, again, counterbalanced across subjects.

1.2.3. Results
Behavioural Data. Accuracy and average reaction times 
for correct responses were submitted to a 3 (Emotional 
cue: Positive, Negative and Neutral) × 2 (Road situa-
tion: Risky, Non-Risky) repeated measures analysis of 
variance. Previously, normality of data distribution (Kol-
mogorov-Smirnov test) and homogeneity of variances 
(Levene’s test) were verified. Neither main nor interac-
tion effects were significant for accuracy. Regarding re-
action times, there were a significant main effect of emo-
tional cue, F(2, 38) = 5.74, MSE = 579, p = 0.007 and a 

Fig. 2. Response latency (Experiment 1). Average reaction 
times according to risky situation and emotional warning cue 
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significant interaction effect (Road situation × emotional 
cue), F(2, 38) = 4.06, MSE = 615, p = 0.003 (Fig. 3). LSD 
post-hoc analysis of the interaction revealed that reac-
tion times were shorter for negative cues (755 ms) and 
positive cues (763 ms) than for the neutral ones (787 
ms) only for the risky road situations. 

1.2.4. SAM Rating 
Differences between valence and arousal of Risky and 
Non-Risky scenes were tested using a one-way analysis 
of variance on the SAM ratings of those scenes. Risky 
situations were rated less positive (M = 2.5, SD = 1.10) 
than the Non-Risky ones (M  = 5.82, SD  = 1.18), F(1, 
19) = 80.57, MSE = 1.37, p < 0.0001. Consistent results 
were found for the analysis of induced-activation: Risky 
situations generated higher activation (M = 7.17, SD = 
1.44) than Non-Risky pictures (M  = 4.02, SD  = 1.52), 
F(1, 19) = 36.94, MSE = 2.68, p < 0.0001. 

Regarding the Emotional auditory cues, differenc-
es on arousal, F(2, 38) = 4.99, MSE = 3.01, p < 0.025, 
and valence, F(2, 38) = 57.21, MSE = 2.17, p < 0.0001, 
were observed. LSD post hoc analysis revealed that par-
ticipants rated as more activating the positive cue (M = 
5.25, SD = 1.85) and the negative one (M = 5.75, SD = 
1.86) than the neutral one (M = 4.05, SD = 1.50). Also 
significant differences were found for valence between 
positive, negative and neutral cues (positive warning 
cue: M  = 7.95; SD  = 1.43; negative warning cue: M  = 
3.10; SD = 1.68; neutral warning cue: M = 4.50; SD = 
1.10).

1.2.5. Discussion
In stark contrast to Experiment 1, the emotional sounds 
affect speed of the evaluation of the scene’s riskiness. As 
showed by Road situation × Emotional cue interaction, 
the emotionally charged stimuli (negative and positive) 
speed up the participant response in the case of risky 
situations. Given that these sounds have a significantly 
different valence, it seems that increased arousal induced 
by positive and negative sounds speeds up the evaluative 
response.

2. General Discussions 

This study provides important results with regard to the 
influence that emotional stimuli may have on driver’s 
behaviour. Taken together these findings suggest that 
affect-laden stimuli can modulate the driver’s response 
differentially according to the specific task features, sup-
plying additional data about the understanding of risk 
behaviour under emotional conditions (Megías et  al. 
2011a). Concretely, the emotional influence on driver 
behaviour becomes clear on the second experiment 
(when participants were asked to judge if road pictures 
were Risky vs. Non-Risky) if compared with the first one 
(to choose whether to brake or not). Our results provide 
additional evidence for supporting the importance of the 
task features in the study of driving behaviour and add 
valuable information on the influence of affective sounds 
in road situations.

Conclusions

Summarizing all aspects discussed in this report, it be-
comes clear that emotions could be a key issue in the 
future road-safety and in-car driving support devices. 
Since the first investigations (e.g. Doob, Gross 1968) 
there is still little available research on the emotional 
aspects of Driver-Vehicle-Environment interaction and 
how this impacts the driving experience (Gomez et al. 
2008). Just recently there has been an increased interest 
by automotive industry in more intelligent and emotion-
al car interfaces, progressively integrating more technol-
ogies into modern vehicles (Andrews 2001). The main 
challenges for next generation cars are closely related to 
the design and development of a set of in-vehicle affec-
tive systems able to increase road safety (Eyben et  al. 
2010). From a practical point of view our results could 
be considered as the first step to the development of an 
emotionally responsive car (Jones, Jonsson 2008). Our 
results show that emotional cues preceding the target 
scene modulate only evaluative behaviours. Considering 
that generally driving (as well as our daily experience) 
is facing with this specific kind of behaviour (Megías 
et al. 2011a, b), our data could make a valuable contri-
bution to improve road safety, by designing an in-car 
driver support tool to counter-steer extreme emotional 
valence/arousal states. To provide an example, an ex-
treme euphoric driver could be led to a more neutral 
emotional state by playing some relaxing music or show-
ing some low valance/arousal pictures. 

There is another fundamental contribution that 
our findings provide to the hazard perception research 
(Groeger 2000): the effect of task features on driver be-
haviour. Our data shows that driver response, when us-
ing a key-press responses in a YES–NO procedure, de-
pends crucially on the type of instructions given to the 
participants. In the experiments reported here, different 
results were obtained, just by changing the task features. 
However, more research is needed to confirm this result. 

To conclude, it is our hope that this work spurs fur-
ther research on the effects of realistic affective stimuli 

Fig. 3. Response latency (Experiment 2). Average reaction 
times according to risky situation and emotional warning cue
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on complex and ecological settings, and encourages the 
use of basic research in the service of the design of in-
car affective computing (Eyben et al. 2010; Trick et al. 
2012, Megías et al. 2012).
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