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Abstract: Dual-process theories have dominated the study of risk perception and risk-taking over the
last two decades. However, there is a lack of objective brain-level evidence supporting the two systems
of processing in every-day risky behavior. To address this issue, we propose the dissociation between
evaluative and urgent behaviors as evidence of dual processing in risky driving situations. Our find-
ings show a dissociation of evaluative and urgent behavior both at the behavioral and neural level.
fMRI data showed an increase of activation in areas implicated in motor programming, emotional
processing, and visuomotor integration in urgent behavior compared to evaluative behavior. These
results support a more automatic processing of risk in urgent tasks, relying mainly on heuristics and
experiential appraisal. The urgent task, which is characterized by strong time pressure and the possi-
bility for negative consequences among others factors, creates a suitable context for the experiential-
affective system to guide the decision-making process. Moreover, we observed greater frontal activa-
tion in the urgent task, suggesting the participation of cognitive control in safe behaviors. The findings
of this research are relevant for the study of the neural mechanisms underlying dual process models
in risky perception and decision-making, especially because of their proximity to everyday activities.
Hum Brain Mapp 36:2853–2864, 2015. VC 2015 Wiley Periodicals, Inc.
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INTRODUCTION

Dual-process theories explaining human decision-making
have boomed over the two last decades. A number of mod-
els have emerged trying to explain decision-making based

on two different processing routes or systems [Damasio,
1994; Epstein, 1994; Kahneman and Frederick, 2005; Lieber-
man et al. 2002; Slovic et al. 2007, among others]. Diverse
terminologies have been used to characterize the two sys-
tems and the proposed models include different features

Additional Supporting Information may be found in the online
version of this article.

Contract grant sponsor: Spanish; Contract grant number: MICINN
PSI2012-39292 (A.C.); Contract grant sponsor: Spanish Ministry of
Innovation and Science (MICINN); Contract grant number:
PSI2012-39292 (A.C.); Contract grant sponsor: Spanish General
Directorate of Traffic (DGT); Contract grant number: SPIP2014-
01341(A.C.); Contract grant sponsor: Postdoctoral Fellowship
from Junta de Andaluc�ıa (A.M.).

*Correspondence to: Alberto Meg�ıas Robles; Centro de Investigaci�on
Mente, Cerebro y Comportamiento, Universidad de Granada, Cam-
pus de Cartuja s/n. 18071, Granada, Spain. E-mail: amegias@ugr.es

Received for publication 30 July 2014; Revised 2 March 2015;
Accepted 30 March 2015.

DOI: 10.1002/hbm.22812
Published online 16 April 2015 in Wiley Online Library
(wileyonlinelibrary.com).

r Human Brain Mapping 36:2853–2864 (2015) r

VC 2015 Wiley Periodicals, Inc.



[Evans, 2008]. However, researchers generally agree that Sys-
tem 1 comprises processes of an experiential-affective nature:
predominantly automatic, associative, rapid, and undemand-
ing. System 2, conversely, is of a rational-analytic nature:
controlled, deliberative, rule-based, slow, and conscious
[Evans, 2008; Kahneman and Frederick, 2005; Sloman, 1996].

The continuum of automatic and controlled processing has
also dominated the study of risk perception and risky deci-
sion making [Loewenstein et al. 2001; Slovic et al. 2007]. An
outstanding amount of literature dealing with dual processes
has demonstrated that risk behaviors are hardly explicable
from a rational and deliberative point of view. However,
there is a lack of objective brain-level evidence confirming the
presence of two systems of processing in risk behavior. The
evidence that exists on this issue comes from artificial tasks
which have largely focused on gambling [Keren and Schul,
2009]. Little research has addressed the brain mechanisms
involved in dual processing pathways in everyday tasks.

To address this issue, Meg�ıas et al. [2011, 2013] proposed
the dissociation between urgent and evaluative behaviors as
evidence of dual processing in every-day risk behavior.
Urgent behaviors are performed under time pressure, trig-
gered by a stimulus, and can lead to negative consequences
if the action is unsuccessful. Evaluative behaviors simply
consist of an evaluation of the situation, where a response
is not imperative and does not involve actual negative con-
sequences. The features characterizing tasks requiring
urgent behavior create appropriate conditions for auto-
mated processes based on previous experience, determined
by stimulus–response connections and enabling fast
responses to hazards. Conversely, tasks requiring evaluative
behavior would activate a more controlled mode of process-
ing, carrying out a deeper evaluation of the situation and
basing its results on logical rules. For instance, if you are
driving and suddenly a ball appears on the road between
two stationary cars, what would your reaction be? This sce-
nario creates a hazardous situation for the driver because a
child may come chasing the ball. In this case, experienced
drivers most likely do not conduct a slow rational evalua-
tion. Rather, an automated urgent braking behavior will be
triggered by the risk stimulus, to avoid hitting a child.

The main aim of the current research was to investigate
the brain-level mechanisms underlying urgent and evalua-
tive behavior in the context of driving by means of using
functional magnetic resonance imaging (fMRI). The study
of these behaviors can provide supporting evidence for the
existence of two-way processing in risk decision making.
Further, it can increase our understanding of the brain sys-
tems involved in risk perception and behavior.

METHODS

Participants had to perform two different tasks: an eval-
uative and an urgent task. Both tasks were identical except
for the requested response from the participants. The eval-
uative task required participants to evaluate whether the

displayed traffic situation entailed risk or not. The urgent
task required participants to brake or not in the given traf-
fic situation.

Following previous studies by Meg�ıas et al. [2011, 2013],
the simulated braking task may be regarded as urgent
because even a very short delay in braking during an
actual risky situation increases the likelihood of having an
accident (creating time pressure and a potential negative
outcome, the two main features characterizing urgent
behavior). In contrast, evaluating the risk in a driving sit-
uation in which participants act as mere observers is less
compelling than braking. Participants simply assign a
value to the situation (to categorize it as risky or not).
Thus, the response would not involve negative consequen-
ces for the observer, and would not be imperative.

However, as our urgent task did not actually include time
pressure/negative outcomes, and traffic situations and
response buttons were common to both tasks, it would be
possible to assume that the urgent behavior is only an eval-
uative one with stronger motor components. Thus, before
embarking on the fMRI main experiment, a behavioral
study was conducted to test whether our simulated braking
and risk evaluation tasks conformed to the characteristics of
urgent and evaluative behavior, respectively.

Experiment 1a

A behavioral study with 38 participants (all of them held
valid driver’s license and had similar socio-demographic
characteristics of those of main experiment) was carried out
to determine whether the factors that characterize urgent
behaviors—namely time pressure and probability of nega-
tive consequences with high emotional value—can explain
the differences observed between the simulated braking
task (urgent behavior) and the risk evaluation task (evalua-
tive behavior) [Meg�ıas et al., 2011]. We added the main fea-
tures of the urgent task to the evaluative task with the aim
to close the gap between evaluative and urgent behavior.

Method, results, and discussion

Participants viewed 100 traffic images and performed
five different tasks. Two of the tasks were the original
urgent (whether to brake or not) and evaluative tasks
(evaluate as risky or not). The remaining three tasks were
modified versions of the original evaluative task (modified
evaluative tasks): (1) ETP: evaluative with time pressure,
(2) EEO: evaluative with emotional outcome, and (3) ETO:
evaluative with both time pressure and emotional out-
comes. In particular, in the ETP task, participants had to
evaluate the situation for a maximum response time of 850
ms. In the EEO task, participants had to imagine that their
responses would be used to remove road black spots to
prevent accidents. In the ETO task, participants were given
the same instructions as in EEO, but they were addition-
ally required to evaluate the situation for a maximum
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response time of 850 ms. Participants completed the tasks
in a counterbalanced order.

A single-factor repeated measures ANOVA with Task (5
levels: urgent, evalutive, ETP, EEO, and ETO) as within-
subject variable on the averages of the probability of
“brake/risk” showed a significant effect of Task, F (4,
148) 5 13.63, MSE 5 0.1049, P< 0.05. As we were interested
in maximizing the likelihood of detecting differences
between the evaluative and modified evaluative tasks, we
used LSD post hoc analysis. Note that Bonferroni corrected
P-value will be <0.005. The probability of braking (0.57)
was higher than the probability of evaluating risk (0.43)
(P< 0.0001). Out of the remaining comparisons, only the
EEO (0.49) vs. evaluative was significant (P< 0.05). For
reaction times, the single-factor repeated measures
ANOVA yielded a significant effect of Task, F (4,
148) 5 47.99, MSE 5 465449, P< 0.0001. Post hoc analysis
showed faster reaction times in the urgent condition (752
ms) than in the evaluative one (789 ms) (P< 0.05). As
expected, time pressure had a huge impact on reaction
times in ETP (587 ms) and ETO (589 ms), the reaction
times were significantly faster than those in the urgent,
evaluative and EEO tasks, all P< 0.0001.

Signal Detection Theory response bias (c) and sensitivity
indices (d0) were used to evaluate the response perform-
ance [Macmillan and Creelman, 2005]. Risk was consid-
ered the signal to be discriminated from noise (nonrisky
situations) for Signal Detection Theory Analysis. The
ANOVA on the averages of response bias (c) and discrimi-
nability indices (d0) showed a main effect of Task. There
was lower response bias in the urgent condition (0.24)
than in evaluative one (20.29) (P< 0.05). A better discrimi-
nability and higher response bias was observed in the
evaluative (d05 2.04; c 5 20.29) than in ETO (d05 1.67;
c 5 20.07) (P< 0.05).

Taken together, these results support the hypothesis that
urgent responses (braking) are not always linked to the
evaluation of risk [Meg�ıas et al., 2011]. The differences
observed between the two tasks seem to stem from the
joint effect of the two main features which distinguish
urgent and evaluative behavior: time pressure and emo-
tional outcomes. Thereby, our simulated braking task and
the risk evaluation task adequately capture the main fea-
tures of urgent and evaluative behavior and can thus be a
valid measure of these. At this point, we are in a position
to study the neural mechanism involved in urgent and
evaluative behaviors.

MAIN EXPERIMENT

Participants

Fifty seven volunteers from the University of Granada
(Mage 5 22.24 years old, SDage 5 2.7; 39 women) partici-
pated in the study in exchange for course credits. All of
them had a valid driver’s license (Mnumber of months 5 52

months, SD 5 30) and normal or corrected-to-normal
vision. The study was conducted in conformity with the
declaration of Helsinki [World Medical Association, 2008]
and was approved by the Ethical Committee on Human
Research of the University of Granada. All participants
provided written consent.

Stimulus Material

The stimuli employed in this experiment comprised 140
real traffic pictures taken from the driver’s perspective.
The pictures were selected from a large and detailed
image database depicting risky driving situations. All
images met certain statistical criteria aimed to reduce
interpersonal variability in the interpretation of the traffic
situation and the estimated speed at which a vehicle is
traveling in static traffic scenes [Vlakveld, 2011]. In partic-
ular, all images were evaluated by 40 driving instructors.
The selected images were those with standard deviation of
speed perception lower than 25% of the average speed
perception, and where the best option to avoid the hazard
was always to brake for at least 70% of the driving instruc-
tors. In addition, images were evaluated in relation to the
level of risk judged by a nonexpert population (40 partici-
pants with driving license). The final set of pictures
included 70 pictures representing road situations with low
risk (average risk score 5 1.92; where 0 5 no risk, and
7 5 high risk) and 70 pictures with medium-high risk
(average 5 4.34) (see Supporting Information Appendix 1).
The risk level of the images was also corroborated a poste-
riori by the participants of the current study (low risk
average: 2.28; medium-high risk: 4.40).

The stimuli displayed on a screen were visible through
an angled mirror mounted on the fMRI head-coil. The task
was developed and controlled by E-Prime software
[Schneider et al., 2002].

Procedure

As we have previously described, all participants per-
formed an urgent task (to brake or not in a given traffic
situation) and an evaluative task (to evaluate whether the
traffic situation entailed risk or not) during the experi-
ment. The only difference between both tasks was the
required response from the participants. The order of tasks
was counterbalanced between participants.

Each task comprised 140 trials (70 risky situations and
70 nonrisky situations). Participants saw the trials in a ran-
dom order. Every trial had the following sequence: after a
fixation point (750 ms), the traffic situation was presented
and the participant was asked to press the button of the
MR response pad with his index finger if he thought that
the situation entailed risk (vs. no risk in the evaluative
task) or decided to brake (vs. not to brake in the urgent
task). After 2000 ms or response execution, a black screen
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was shown for 3500 ms (see Fig. 1). The experiment lasted
approximately 30 minutes (15 min each task).

fMRI Data Acquisition

Images were acquired on a Siemens 3T TRIO system at
the Mind, Brain and Behavior Research Center, University
of Granada, equipped with a 32-channel headcoil. High-
resolution structural images were obtained using a T1-
weighted MPRAGE sequence (TR 5 1900 ms; TE 5 2.52 ms;
flip angle 5 9�). For each volume 176 slices of 1 mm thick-
ness were obtained providing whole brain coverage (voxel
size 5 1 3 1 3 1 mm3; FOV 5 256 mm; 256 3 256 data
acquisition matrix). Functional images were recorded
using a T2*-weighted echo-planar sequence with 35 non-
contiguous axial slices of 3.5 mm thickness providing
whole brain coverage (TR 5 2000 ms, TE 5 25 ms, flip
angle 5 80�; voxel size: 3.5 3 3.5 3 3.5 mm3; FOV 5

238 mm; 68 3 68 data acquisition matrix).
In a single session, two functional runs were obtained

for each participant, one per experimental task (450 vol-
umes each). The two tasks were only separated by the
instructions screen of the second task; the subjects did
not leave the scanner or move position between tasks.
Thus, a one-block design fMRI paradigm was used to
compare the two tasks (urgent-evaluative) combining
both runs. We used a nonstandard fMRI block design,
consisting of only one block with two conditions, follow-
ing the results from previous behavioral experiments
(pilot studies). The use of more than one block impeded
the formation of the specific mental set for each task in
the subsequent blocks, indicated by reduced behavioral
effects. The use of a one-block design maximizes the
power to detect activation in fMRI data; however, it has
the limitation that is less robust in nuisance control terms
(e.g., head motion artifact) [Liu, 2004]. Thus, special atten-
tion was placed on controlling artifacts. Participants were
instructed and reminded not to move any part of their
body, except their index finger, during the whole experi-

ment. Head restraint and foam padding around the head
were used to minimize head motion, and functional vol-
umes were corrected for head movement by SPM12 soft-
ware. Moreover, a large number of subjects were
recruited in this study to reduce noise and improve sig-
nal detection.

fMRI Data Analysis

PREPROCESSING and statistical analysis of the fMRI
data were carried out using SPM12 (Wellcome Trust Cen-
ter for Neuroimaging, London, UK; http://www.fil.ion.
ucl.ac.uk/spm/)

The first 5 EPI volumes of each run were discarded to
allow magnetization to reach equilibrium. The last vol-
umes of each run after task completion were also dis-
carded. The remaining volumes were motion corrected to
the average. The anatomical scans were coregistered to the
mean EPI volume using linear rigid body transformation,
and segmented to estimate the normalization parameters.
The transformation parameters were applied to the set of
functional volumes for spatial normalization to the MNI
space. Next, functional volumes were resampled to a reso-
lution of 3 3 3 3 3 mm and spatially smoothed with an
isotropic Gaussian kernel of 8 mm full-width-at-half-
maximum (FWHM). Before the statistical analysis, func-
tional images were high-pass filtered (128 s).

A composition of two gamma functions was used to
model the hemodynamic response function, and robust
weighted least squares (rWLS) estimation [Diedrichsen
and Shadmehr, 2005] was performed in the first level
models. Two whole-brain contrasts were defined:
urgent> evaluative and urgent< evaluative. The resulting
individual contrast maps were submitted to a single sam-
ple t-test analysis to determine locations showing larger
activation for the urgent than for the evaluative task, and
vice versa. To determine an appropriate level of statistical
significance, the results were corrected for multiple com-
parisons using AlphaSim correction [Ward, 2000, for more
detail). AlphaSim correction uses individual voxel proba-
bility thresholding in combination with minimum cluster
size thresholding to estimate a specified significance level
by Monte Carlo simulation. AlphaSim (10,000 runs in
Monte Carlo simulation) set up the following statistical cri-
terion: P < 0.001 with at least 132 contiguous voxels, con-
sidering the whole brain as the volume of interest, (which
resulted in corrected P-value< 0.05). Sex, age, handedness,
and the order of the tasks were included as nuisances.

RESULTS

Behavioral Results

The probability of positive response (brake or risk), reac-
tion times, and performance indices (d0 and c) were sub-
mitted to paired t-test analyses with Task (urgent vs.

Figure 1.

Scheme of the experimental procedure. [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com.]
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evaluative) as within-subject factor. Kolmogorov-Smirnov
and Levene’s tests were used to test for normality and
homogeneity of variances for each dependent variable.
The significance level was set at 0.05 for all statistical
decisions.

Averages of the probability of positive response (brake

or risk) showed a main effect of Task, t(56) 5 6.93,

P< 0.0001. The probability of braking (0.50) was higher

than the probability of evaluating risk (0.42). Reaction

times analysis also showed a main effect of Task,

t(56) 5 6.06, P< 0.0001. Reaction times were shorter in the

urgent task (969 ms) than in the evaluative task (1047 ms)

(Fig. 2).
Significant effects of Task were observed for both the

discrimination index (d0) and the response bias (c):

t(56) 5 2.44, P 5 0.0176, and t(56) 5 3.48, P 5 0.0009, respec-

tively. Risk discrimination was lower in the urgent task

(1.92) than in the evaluative task (2.26); there was a

response bias toward more cautious responses in the

urgent task (20.15) than in evaluative task (20.35) (Fig. 2).

Imaging Results

Brain areas in which there was a significant modulation
of BOLD signal by Task (urgent vs. evaluative) are dis-
played in Table 1 (significance threshold: P< 0.001;
extended threshold: k> 132 voxels).

Three significant activation clusters were observed for
the contrast urgent> evaluative. The first cluster (k 5 1263
voxels) peak was located in the right precentral gyrus
[t(48) 5 6.25, P< 0.0001, MNI coordinates x: 42, y: 219, z:
46]. This cluster encompassed several areas of the right
hemisphere: inferior and medial frontal gyrus, subgyral
frontal lobe, postcentral gyrus, supplementary motor area,
superior temporal gyrus, and insula. The second cluster (k:
1809 voxels) peak was located in the left postcentral gyrus
[t(48) 5 5.91, P< 0.0001, MNI coordinates x: 251, y: 21, z:
25], and encompassed several left hemisphere areas
including portions of the inferior, medial, and superior
frontal gyrus, subgyral frontal lobe, precentral gyrus, sup-
plementary motor area, middle temporal gyrus, superior
temporal gyrus, insula, cingulate gyrus, anterior cingulate.

Figure 2.

Top panels: average probability of positive response (to brake or to evaluate risk) and reaction

times for each task. Bottom panels: average sensitivity index (d0) and response bias (c) for each

task.
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The third cluster [k 5 246 voxels; peak voxel: (t(48) 5 4.32,
P< 0.0001; MNI coordinates x: 12, y: 29, z: 52] showed higher
activation in the superior and medial frontal gyrus, subgyral
frontal lobe, and anterior cingulate. Finally, when an
uncorrected P-value was set up we observed a fourth
cluster [k 5 65, peak at: x: 29, y: 255, z: 211, t(48) 5 4.33,
P< 0.0001] comprising parts of the culmen and cerebellar lin-
gual in the left anterior lobe of the cerebellum (see Fig. 3).

There were no significant clusters in the reverse contrast
(evaluative>urgent) at the significance threshold. How-
ever, using an uncorrected P< 0.0001, a smaller cluster
(k 5 76 voxels) was found in the occipital lobe [t(48) 5 4.33;
MNI coordinates x: 29, y: 255, z: 211] including portions
of the fusiform and lingual gyrus.

DISCUSSION

The main purpose of this study was to uncover the
brain areas differentially involved in evaluative and urgent
behaviors in risky driving. First, we replicated the behav-
ioral findings reported by Meg�ıas et al.’s [2011]. Compared
to evaluative behavior, urgent behavior showed a higher
probability of positive response (brake or risk), shorter
reaction times, worse sensitivity to risk, and a more cau-
tious response bias.

This behavioral difference was related to the differential
activation of a set of brain areas commonly linked to
behavioral control and motor planning and performance.
Our fMRI data showed an increase of activation of multi-
ple brain regions when participants engaged in an urgent
behavior in contrast to an evaluative one
(urgent> evaluative contrast). Enhanced neural activity
was observed bilaterally in the precentral gyrus, supple-
mentary motor area, postcentral gyrus, superior frontal
gyrus, medial frontal gyrus, inferior frontal gyrus, subgy-
ral frontal lobe, cingulate gyrus, anterior cingulate cortex,
insula, and superior temporal gyrus. In the left hemisphere
there was higher activation of the middle temporal gyrus,
culmen and cerebellar lingual. The evaluative>urgent
contrast showed differences in the occipital lobe (fusiform
gyrus and lingual gyrus).

Below, we discuss the neural mechanisms involved in
urgent and evaluative behaviors in three sections: motor
programming and visuomotor integration, emotional com-
ponents, and involvement of the frontal lobe.

Motor programming and visuomotor integration of
the response to the risk

Several neuroimaging studies investigated the neural
processes involved in driving [e.g., Calhoun, 2007; Callan

TABLE 1. Regions belonging to significant clusters (P < 0.0001) with a cluster size of more than 132 contiguous vox-

els for task variable (urgent vs. evaluative)

Region Hemisphere

MNI-coordinates

Tx y z

Urgent>Evaluative
Cluster 1 (k 5 1263)

Postcentral Gyrus (BA4) R 42 219 46 6.25
Superior Temporal Gyrus (BA 22) R 45 219 4 5.70
Precentral Gyrus R 54 24 16 5.52
Inferior Frontal Gyrus R 57 5 25 5.42
Superior Temporal Gyrus R 57 27 4 5.31
Precentral Gyrus (BA 6) R 57 27 31 4.80
Subgyral (frontal lobe) R 21 213 52 4.52
Medial Frontal Gyrus (BA 6)Supp. motor area R 12 216 55 4.11
Superior Temporal Gyrus R 39 234 16 3.76

Cluster 2 (k 5 1809)
Precentral Gyrus L 251 21 25 5.91
Postcentral Gyrus (BA 43) L 254 27 16 5.79
Superior Temporal Gyrus L 254 213 7 5.54
Sub-Gyral (frontal lobe) L 218 219 46 5.06
Medial Frontal GyrusSupp_Motor_Area_L L 212 219 52 4.99
Precentral Gyrus (BA4) L 215 231 61 4.99
Medial Frontal Gyrus L 212 20 52 4.94
Cingulate Gyrus L 215 234 25 4.76
Superior Frontal Gyrus (BA 9) L 212 50 28 4.44

Cluster 3 (k 5 246)
Superior Frontal Gyrus R 12 29 52 4.32
Medial Frontal Gyrus R 18 32 34 4.10
SubGyral (frontal lobe) R 27 14 37 3.96
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et al., 2009; Graydon et al., 2004; Lei, 2011; Uchiyama
et al., 2003]. Some of these have compared brain activity
during driving with brain activity under resting conditions
or passive viewing of driving. The latter condition seems
similar to our evaluative task, except that no response is
required when viewing driving passively [Horikawa et al.,
2005; Calhoun et al., 2002; Walter et al., 2001]. These stud-

ies demonstrated that, compared to resting periods, driv-
ing is associated with an increase of activation in the
temporo-parietal, parieto-occipital, and cerebellum areas
due to higher demands on visual and motor skills and
visuomotor integration. Nevertheless, a comparison
between active vs. passive driving revealed that cortical
activation associated with visuomotor coordination was

Figure 3.

Top panel: Activation map (urgent task>evaluative task) in orthogonal projection. Bottom panel:

Statistical parametric maps showing enhanced neural activity for the urgent than for the evalua-

tive task. Numbers indicate the z coordinate. The color scale showed the range of t-test values.
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shared by both conditions. The differences between active
and passive driving were located in the cerebellum, senso-
rimotor cortex, and precentral gyrus.

In addition, Spiers and Maguire [2007] examined brain
activity associated with the driver’s specific actions. They
found that there was an increased activity in supplemen-
tary motor area, parietal, and cerebellar regions while
drivers were performing both prepared actions (e.g., start-
ing the car) and unprepared actions (e.g., braking or
swerving to avoid a hazard). These findings are consistent
with the results of the studies discussed above, suggesting
that the cerebellum as well as the premotor areas play an
important role in the execution of driving actions to gener-
ate appropriate motor outputs.

The results of our research share with this previous set
of experiments the activation of motor areas and anterior
parietal areas. Precentral gyrus, supplementary motor
area, and cerebellum exhibited more activity in the urgent
task than in evaluative task. Considering that the only dif-
ference between the tasks was the type of response
required by the participants—an urgent behavioral deci-
sion (to brake) vs. an evaluative judgment (to evaluate
risk)—this can suggest that there is a more active
“driving” present in the context of the urgent task com-
pared to the evaluative task. Thus, motor programming to
avoid a hazard would be more activated in the urgent
task, even though the participants responded by pressing
the same button in both tasks. Moreover, the changes in
neural activity in the postcentral gyrus and occipital lobe
may reflect differences in the visuomotor integration and
visual exploration of the environment. These last results
are also in line with the differences in discriminability (d0)
found in the behavioral data.

Emotional Components Associated with Hazard

The anterior cingulate and insula showed stronger activ-
ity for the urgent than for the evaluative task. These brain
areas are commonly related to emotional processes [Dama-
sio et al., 2000; Phan et al., 2002]. Increased activation in
both cortices is associated with visceral arousal by emotive
stimuli (e.g. threats or hazards) [Critchley, 2005]. Anterior
cingulate and anterior insula are essential in the bottom-
up detection of salient events [Menon and Uddin, 2010].
One example is detecting deviant cues in a stream of con-
tinuous stimuli [Crottaz-Herbette and Menon, 2006].
Therefore, when drivers suddenly confront road hazards
(emotive stimuli) during their driving (which itself com-
prises a continuous stream of stimuli), these brain areas
should show more activity (see Vlakveld, 2011]. Neuroi-
maging research studying hazard detection in driving is
only limited; however, several studies indicated that the
insula and the anterior cingulate may be associated with
arousal in urgent events. For example, Spiers and Maguire
[2007] showed that both brain areas were recruited in
actions directed at avoiding collisions. In Callan et al.’s

[2009] study, drivers had to anticipate a possible hazard
when the view of oncoming traffic was occluded by a
truck. Results showed a greater activation in a set of brain
areas, including the insula and the anterior cingulate,
when the driver had to anticipate the hazard compared to
when the uncertainty of the risk had been resolved.

In our experiment, the same hazardous stimuli were dis-
played in both tasks (urgent and evaluative). However,
the urgent rather than the evaluative task exerted stronger
time pressure on respondents and entailed the possibility
of suffering negative consequences if the hazard was not
avoided [Meg�ıas et al., 2011]. Thus, it is logical to suggest
that hazardous stimuli on the road entail a stronger emo-
tional component in the context of urgency, which could
explain the differences of activation in the insula and the
anterior cingulate.

Involvement of Frontal Brain Areas in Driving

Compared to evaluative behavior, urgent behavior also
increased the activity of frontal areas. Neuroscience
research has established the involvement of regions of the
frontal lobe in risky decision making. Ventromedial pre-
frontal cortex, dorsolateral prefrontal cortex, orbitofrontal
cortex, and inferior and medial frontal gyrus are com-
monly associated with risky decision-making [e.g., Bjork
et al., 2007; Ernst et al., 2002; Minati et al., 2012; Vorhold
et al., 2007]. Evidence about the functions of these frontal
areas has been obtained from different contexts, but
mainly using gambling tasks [Bechara et al., 1994]. It is
expected that distinct risky behaviors share neural net-
works; however, driving is a more complex activity
involving multiple cognitive functions which are absent in
gambling tasks [Groeger, 2000]. Focusing on driving, Hirth
et al. [2007] explored the brain areas recruited for hazard
detection by displaying videos with hazardous stimuli ver-
sus uneventful driving videos. Their results showed that
identification of hazards was linked to activation of the
right prefrontal cortex. In another interesting study, Beeli
et al. [2008] demonstrated that the external excitation of
the dorsolateral prefrontal cortex (by a transcranial Direct
Current Stimulation [tDCS]) led to less risky driving style.
In the anodal stimulation phase participants kept at a
greater distance from the car ahead, made fewer speed
violations, and reduced their speed and the revolutions
per minute of the car engine. A decrease of neural activa-
tion in the right lateral prefrontal cortex related to fast
driving was also showed by Jancke et al. [2008] using real-
istic virtual driving scenarios with EEG recording. Accord-
ingly, the prefrontal cortex plays a significant role in the
control of risk-taking and inhibitory behavior [Aron et al.,
2003; Fecteau et al., 2007].

At the behavioral level, the urgent task resulted in fewer
risky decisions than the evaluative task in risk evaluations
(i.e., participants more often braked than evaluated the sit-
uation as risky). Based on the experiments described
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above, this more cautious attitude in the urgent task could
be linked to the increased activation in certain frontal
regions. Additionally, higher activity in the medial pre-
frontal cortex could also be implicated in cognitive aspects
of emotional processing of hazardous stimuli or threats
[Pessoa, 2009; Phan et al., 2002]. In any case, understand-
ing of the function of the frontal lobe in urgent driving
behavior needs further specific research.

Urgent and Evaluative Neural Mechanisms as a

Function of the Task Features

Taken together, evaluative and urgent behaviors seem to
depend on different neural mechanisms. Our findings
show a larger involvement of emotional and motor areas
in the urgent task. Moreover, we observed greater frontal
activation in the urgent task; this could be related to a
more cautious response bias (suggesting the participation
of cognitive control in safe behavior). Overall, these results
could be partially explained by the task features of the
urgent task. Situations with temporal pressure, where
strong emotional consequences are possible, are character-
istic of risky driving situations. In such urgent contexts, a
more automated process relying on heuristics and experi-
ential appraisal (bottom-up processing) would be more
advantageous than a more demanding and slow analytical
appraisal of risk (top-down) [Kinnear et al., 2008; Slovic
et al., 2007]. Thus, the limited response time to avoid nega-
tive consequences would force the participants to carry
out more intuitive decisions in the urgent task than in the
evaluative task. According to dual process models, intui-
tive decision-making is largely based on System 1 (experi-
ential-affective), whereas reflective decision-making is
closer to System 2 (rational-analytic) [Epstein, 1994; Kahne-
man and Frederick, 2005]. From this theoretical perspec-
tive, the differences between urgent and evaluative
behavior would be in line with the distinction between
both systems of processing [Meg�ıas et al., 2011].

We suggest that risky decision-making in an urgent con-
text is more automatic, guided by the emotions or feelings
associated with the environmental stimuli (i.e., somatic
markers). This process is reflected in an increased activation
of the insula and the anterior cingulate cortex (areas impli-
cated in the neural network of somatic markers [Bechara and
Damasio, 2005]). The emotional component automatically
triggers motor patterns to avoid a hazard. This interpretation
is further supported by the neural motor programming and
the lower reaction times found in the urgent task. This view
of driving from an emotional approach is in line with the
most current motivational theories of driving. According to
these theories, the risk is processed from both an analytical
(risk as analysis) and emotional (risk as feeling) point of
view during driving [Fuller, 2011; Kinnear et al., 2013; Sum-
mala, 2007; Vaa, 2007]. Thus, risky decision making in urgent
contexts is not only a result of deliberated reasoning mecha-
nisms, but also relies on more automatic mechanisms (expe-

riential-affective system or somatic markers), led by
emotional warning signals [Vorhold et al., 2007].

Finally, there are some controversial aspects worth men-
tioning. More automatic processing (e.g., in well practiced
behaviors) is generally associated with decreased brain activ-
ity [Garavan et al., 2000; Jansma et al., 2001]. Our results
seem to contradict this idea. However, recent research on the
automaticity of higher cognitive processes [Bargh et al., 2012]
has shown that automatic nonconscious behaviors requested
executive processes similarly to conscious process [Dijkster-
huis and Aarts, 2010, for review). In this vein, Marien et al.
[2012] demonstrated in a series of six experiments that
unconscious goals affect executive functions, as they interfere
with working memory performance, and error detection,
especially important and valuable goals. Importantly, the
results of Marien et al.’s study indicated that interference
produced by nonconscious goals was similar to that of con-
scious ones. Activation of executive areas, including right
dorsolateral and ventrolateral prefrontal cortex and left infe-
rior operculum have been observed in unconscious decision-
making [Creswell et al., 2013]. It seems plausible that braking
in a risky traffic situation, like other reactive behaviors
[Braver, 2012, Stuphorn and Emeric, 2012], may exhibit a
greater level of activity in extended regions of the lateral and
medial prefrontal cortex. Moreover, urgent tasks, which are
characterized by strong time pressure and potential negative
consequences, create a suitable context for the experiential-
affective system to control behavior. The change of mindset
generated by the instructions of each task [Meg�ıas et al.,
2011] may include differences in the associated emotional
component to the hazard, and in motor processes related to
the simulated brake response.

It could also be argued that the increase of activation
observed predominantly in the urgent> evaluative contrast
could reflect the extent to which participants actively per-
formed the tasks, and that both tasks involve almost the
same brain areas. To remove the effects of changes in global
brain activation between conditions, scaling global normal-
ization was performed for both the urgent and the evalua-
tive task. This normalization scales the intensity for each
voxel of each scan to the global mean of that scan [Ash-
burner et al., 2012]. A t-test analysis was conducted to
determine significant activations compared to the implicit
baseline in each task (with the purpose of ruling out an
effect of global brain activation the statistical criterion was
set at P< 0.05), see Figure 4: top panel. Conjunction analysis
of the significant activations for the urgent and the evalua-
tive task (compared to the baseline) showed shared signifi-
cant activity in the superior temporal gyrus, precentral
gyrus, and postcentral gyrus, see Figure 4: bottom panel.
Activations of the two tasks compared to baseline were dif-
ferent at whole brain level, resulting in only a partial over-
lap. Therefore, it does not seem plausible that the observed
differences between the urgent and the evaluative task
merely reflect greater overall brain activation in the urgent
task. However, this issue remains an open question to be
investigated by further research.
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Figure 4.

Top panel: Activation map for the “urgent task> baseline” and the “evaluative task> baseline”

contrasts in orthogonal projection. Bottom panel: Brain regions with common activation for

both the urgent and the evaluative task compared to the implicit baseline.
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Future research should investigate in greater detail the
circuits which urgent and evaluative behaviors rely upon
and their interaction with the level of risk with designs
suitable for this purpose. Further studies investigating
whether both tasks share a similar functional anatomical
representation differing in the level of activation or
whether they are associated with different underlying neu-
ronal networks would help to address some limitations of
this research.

CONCLUSION

This research aimed to investigate the brain-level mech-
anisms underlying urgent and evaluative behavior in driv-
ing. Our findings showed a dissociation of urgent and
evaluative behavior both at the behavioral and at the neu-
ral level. Our results support a more automatic processing
of risk in urgent tasks, based on previous experience and
guided mainly by an emotional component. Compared to
the evaluative task, the urgent task is characterized by
more time pressure and the possibility for negative conse-
quences [Meg�ıas et al., 2011]. These task features create a
suitable context for the experiential-affective system to
guide the decision-making process. The findings of this
research are relevant for the study of dual process models,
especially because of their greater proximity to every-day
activities in comparison to previous neuroimaging studies
about risky decision-making. Finally, they offer support
for models of driving behavior that consider emotion as a
fundamental mechanism in driving decision-making.
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