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Attention   &  Driving
Distraction &  Driving

Driving is an example of an everyday task in which survival relies on attention and, 
particularly, on visual attention Recarte and Nunes (2008)

DISTRACTION Explanatory concept for traffic accidents, 

= attentional inefficiency: 
a dysfunction in information 

processing
leading to increased risk and 

human error.



Research Aim
By combining attentional behavioral 
measures and self‐report data, it was 
explored the  relationship between:

– Attentional Networks Functioning
ANTI & ANTI‐V (+ Vigilance)
• Alerting,
• Orienting, and

• Executive Control Networks (Posner´s 1994)



Combining attentional behavioral measures and 
self-report data,  

could be a successful tool to study attentional errors
to better understand driving behaviour and 

to spot specific ways to tackle accident prevention?

+  



Aim of the study

ANTI‐V
Attentional Network 
Test‐ Interactions

+ Vigilance

Driver Behaviour
Questionnaire

(DBQ)

1

Experiment 2ANTI
Attentional Network 
Test‐ Interactions

ARDES‐Scale
personal proneness to 
attention‐related errors 

while driving



Inattentional Errors & 
Traffic Accident

• Reason (1990) defined as “INATTENTIONAL ERRORS” the ones that 
take place during the execution of highly exercised routine actions 
and play an important role in the study of traffic accidents.

What is a driver 
distraction?   



What is a driver 
distraction?
What is driver 
inattention?



Attention and Driving Performance

ANT measures  Driving performance

Weaver et al. (2009):

– ANT Global RT  Useful Field of Vision (R2=.685) Association 
UFOV & EC  (R2=.21)

– ANT Global RT Manitoba Road Test (R2=.564)

– But no association with PhA, O or EC 
– (neither with real or simulated driving) 

Why?

– Too unspecific ?



EXPERIMENT 1

ANTI

ARDES
personal proneness to 
attention‐related errors 

while driving



ATTENTIONAL NETWORKS Test:

ORIENTING

EXECUTIVE CONTROL

ALERTING

Safe driving relies on the Attentional Networks 
functioning correctly.



ORIENTING

Orienting is manipulated by
presenting a cue indicating 
where in space a person should focus attention 

*                                                                      

to direct attention to the cued location 
either overtly by moving the eyes 

or covertly without any eye movement



EXECUTIVE CONTROL

Is active when the cognitive system faces 
situations that involve:  (Norman and Shallice, 1986) 

• planning, 
• making a decision, 
• detecting an error, 
• giving a novel response or 
• overcoming habitual actions

TASKS dealing with: CONFLICT,
HANDLING NOVELTY
DETECTING ERRORS



ALERTING

can be considered as…

Phasic alertness            
Non-specific activation occurs 

when a warning signal is
presented prior to the target.

Studied by measuring the
influence on reaction time (RT) 

of a signal that provides

only temporal information.



ANTI
BASED on ANT, Fan, McCandliss, Sommer, Raz and Posner (2002)

ANTI by Callejas, Lupiañez and Tudela (2002)*
.

Combines elements of: 

Posner’s cueing paradigm.  ORIENTING
Valid Invalid

X *

Eriksen & Eriksen flanker task  EXECUTIVE CONTROL
CONGRUENCY <= <= <= <= <=      Congruent

<= <= => <= <=       Incongruent
Alerting tone  Phasic Alertness ALERTING

The ANTI‐ Test Provides measures of 3 distinct functions of attention in aprox. 30 min

» ‐ Orienting – Alerting ‐ Executive Function



Instructions ANTI test

A series of five arrows will be shown in the centre of the screen.
Your task consists of saying in which direction the central arrow is pointing. 

To answer, please press the following keys:

"c" if the central arrow points to the left <=
"m" if the central arrow points to the right  =>  

For instance, in this case you should press the “left” key:
<= <= <= <= <=

but in this case you should press the “right” key:
=> => => => =>



…Instructions

Sometimes the central arrow will point in the opposite direction to the other 
arrows. Please, remember: 

You should pay attention to the direction of the central arrow. 
=> => <=  => =>

In this case you should press the “left” key.

In the centre of the screen a small cross “+” will appear. This is the fixation 
point.  The arrows will appear above or below the fixation point.  

=> => <=  => =>
+ 

=> => <=  => =>

KEEP LOOKING AT the fixation point THROUGHOUT THE EXPERIMENT



Method



ARDES 
(Propensity Attention-related Driving Error Scale)

 The ARDES (Ledesma, Montes, Poo & López-Ramón, 2010) scale
is composed of 19 items that are formulated as affirmations
concerning errors of inattention which participants may
experience during driving.

 Examples:
 "Suddenly I notice that
I have the wrong way
in a road that I know ”

 "When I come to a corner, sometimes I don't realize that a
pedestrian is crossing the street ”.

 1) never or almost never, 2) sometimes, 3) often, 4) frequently, 5) always.



Participants: 55 Drivers
31 males, 24 females. Driving experience no less 

than twice a week during the last 2 years

Participants: 55 Drivers
31 males, 24 females. Driving experience no less 

than twice a week during the last 2 years

AGE

(N)

Low High

Younger

ARDES
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AGE

ARDES-LOW  (Lower Driving Errors)

ARDES-HIGH (Higher Driving Errors)

Younger (21 to 39 years old) (M=31,51)
Older      (40 to 70 years old) (M=52.5)

ARDES Propensity Attention-related Driving Error Scale



ARDES: (F(1, 51)=8.43, p<.01, Eta2=.14)
AGE: (F (1, 51) =4.87, p<.05, Eta2=.09)
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ALERTING x ARDES: (F (1, 51) = 4.20, p<.05, Eta2=.08)
ALERTING x AGE: (F (1, 51)=5.5, p<.05, Eta2=.1) 

CONGRUENCY x ARDES: p = ns
CONGRUENCY x AGE: (F (1, 51) =7.8, p<.01, Eta2=.13) 

ORIENTING x ARDES: p = ns
ORIENTING x AGE: p = ns

Two way 
interactions



Obtain more benefit from external alerting tone
Less endogenous preparation for high priority warning signs, 

and worse cognitive control when solving conflicts
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Obtain more benefit from external alerting tone
Better cognitive control when solving conflicts.



Conclusions
We replicated the data of Callejas et al. (2005) to the general

functioning of the attentional networks and their interactive
modulations.

.

ARDES HIGH + OLDER DRIVER
Overall slowdown in performance.

Obtain more benefit from external alerting tone, that is,

endogenously less able to process alerting tone.

More Phasic Alertness

A low level of vigilance.

See: López-Ramón, M. F., Castro, C., Roca, J., Ledesma, R., &
Lupiañez, J. (in press). Attentional networks functioning and
attentional lapses while driving. Traffic Injury Prevention.



Conclusions
ARDES HIGH =/= OLDER GROUP

ARDES HIGH : A better response to conflict in the presence of valid cues
than the group having fewer attentional lapses while driving (that is
more engaged in the attentional task, and shows a greater increase of
interference in the presence of invalid cues).

OLDER DRIVERS: Greater effect of cognitive interference that is, worse
cognitive control when solving conflicts, worse decision making, in
comparison with younger drivers.

We suggest that each attention-related error and age group shows a
particular combination of attentional networks functioning relevant to
the driving domain.

See: López-Ramón, M. F., Castro, C., Roca, J., Ledesma, R., &
Lupiañez, J. (in press). Attentional networks functioning and
attentional lapses while driving. Traffic Injury Prevention.



EXPERIMENT 2

ANTI‐V

Driver Behaviour
Questionnaire

(DBQ)



New ANTI‐V  30 minutes

3 attentional networks measurement
+ a measure of vigilance



ATTENTIONAL NETWORKS:

ORIENTING

EXECUTIVE CONTROL

ALERTING

VIGILANCE

Safe driving relies on the Attentional Networks 
functioning correctly.



To measure….
ATTENTIONAL NETWORKS:

ORIENTING

EXCECUTIVE CONTROL

ALERTING

VIGILANCE



ORIENTING

Orienting is manipulated by
presenting a cue indicating 
where in space a person should focus attention 

*                                                

*



EXECUTIVE CONTROL

i.e. TASKS dealing with: CONFLICT



ALERTING

*

can be considered as…

Phasic alertness            
Non-specific activation occurs 

when a warning signal is
presented prior to the target.

+    
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VIGILANCE
Alerting

ATTENTIONAL NETWORK

Tonic alertness or vigilance
Sustained activation over a period of time

Participants have to attend to a location over 
a period of time and detect infrequent targets.



Roca, J., Castro, C., López-Ramón, M.F., & Lupiáñez, J. (2011). Measuring 
vigilance while assessing the functioning of the three attentional networks: 

The ANTI-Vigilance task. Jorunal of Neuroscience Methods, 198(2), 312-324. 

The Vigilance Decrement: 
detecting the not equidistant

.
Grier, R.A., Warm, J.S. Dember, G.M., Galinsky, T., Szalma, J.L., & Parasuraman, R.
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7. “Fail to notice that pedestrians 
are crossing when turning into 
a side street from a main road” ……………

(Never)      (Nearly all the time)

0  1  2  3  4  5

• DBQ: A measure of aberrant driving behaviour.

• Factors: Attentional lapses, driving errors, highway 
code violations, and aggressive violations.

• Spanish version (34‐item): López de Cózar et al. (2006).



• DBQ Spanish version (34‐item): López de Cózar et al. (2006)

• Participants: N = 48 drivers in Granada 
(Age = 21 ± 4; Driving experience > 1 year).

• Analyses: Correlations ANTI‐V and DBQ
Signal Detection Theory (STD) parameters
Task: Detecting the infrequent target:

The not equidistant centre car. 



Correlations ANTI‐V and DBQ



Correlations ANTI‐V and DBQ



• DBQ‐Total and DBQ‐Lapses are negatively correlated

to hits and sensitivity (d’) in the ANTI‐V.
• Worst vigilance performance ‐> Higher aberrant behaviour

• Worst vigilance performance ‐> More attentional lapses

Low vigilance can be a relevant factor explaining driving 
aberrant behaviour, particularly attentional lapses.

Conclusions



To be continued...

Combining attentional behavioral measures and 
self-report data,  

seems to be a successful tool to study attentional errors  to 
better understand driving behaviour and spot specific ways 

to tackle accident prevention

+  
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Correlations ANTI‐V and DBQ:
Four factors (RT)
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Correlations ANTI‐V and DBQ:
Four factors (ACC)

Results
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Three way 
interaction

ARDES-HIGH: 
better response to conflict in the presence of valid cues
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