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Abstract

Selective attention is a fundamental ability for safe
driving. The objective of this work was to analyze the
relationship between selective attention and a predis-
position to experience inattention errors while driving.
Thirty drivers from the City of Mar del Plata, Argenti-
na, participated in the study and completed a selective
attention task (Conjunctive Visual Search Task, CVST),
and a driver inattention scale (Attention-related Driving
Errors Scale, ARDES). Pearson correlations were calcu-
lated between the ARDES and the CVST performance
measures (errors and reaction times). A consistent rela-
tionship was observed between CVST performance and
the scores reported by the ARDES. Drivers with higher
driver inattention proneness tended to commit a greater
number of errors in target identification while also pre-

senting lower reaction times. The results provide evi-

dence of the possible role of selective attention in driver
inattention, and illustrate the potential usefulness of a
visual search measure in the area of driving assessment.
Keywords: selective attention; driver inattention; eva-

luation; Conjunctive Visual Search; road safety.

Resumen

La atencion selectiva es una habilidad fundamental
para la conduccion segura. El objetivo de este trabajo
fue analizar la relacion entre la atencion selectiva y la
propension a cometer errores atencionales en el tran-
sito. Treinta conductores de la ciudad de Mar del Plata
(Argentina) realizaron una tarea de atencion selectiva
(Tarea de Busqueda Visual Conjunta [CVST]) junto
con una escala que evalta inatencion en la conduccion
(ARDES). Se calcularon las correlaciones de Pearson
entre el ARDES y las medidas de desempefio en CVST
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(errores y tiempos de reaccion). Se observo una rela-
cion consistente entre el desempefio en la CVST y los
puntajes del ARDES. Los conductores mas propensos a
la inatencion en la conduccion cometieron mayor canti-
dad de errores en la identificacion del estimulo objetivo
(target), a la vez que presentaron tiempos de reaccion
mas bajos. Los resultados brindan evidencias sobre
el posible rol de la atencion selectiva en la inatencion
del conductor, y muestran la utilidad potencial de una
medida de busqueda visual conjunta en el ambito de la
evaluacion de conductores.

Palabras clave: atencion selectiva; inatencion del con-
ductor; evaluacion; Busqueda Visual Conjunta; segu-

ridad vial.

Resumo

A atencdo seletiva ¢ uma habilidade fundamental para a
conducdo segura. O objetivo deste trabalho foi analisar
a relag@o entre a atengdo seletiva e a propensio a co-
meter erros atencionais no transito. Trinta motoristas da
cidade Mar del Plata (Argentina) realizaram uma tarefa
de atengdo seletiva (Tarefa de Busca Visual Conjunta,
Conjunctive Visual Search Task [CVST] junto com uma
escala que avalia inatengdo na condug@o (Attention-re-
lated Driving Errors Scale [ARDES]. Calcularam-se
as correlagdes Pearson entre p ARDES ¢ as medidas de
desempenho em CVST (erros e tempos de reagdo). Ob-
servou-se uma relac@o consistente entre o desempenho
na CVST e as pontuagdes do ARDES. Os motoristas
mais propensos a inatencao na condugdo cometeram
maior quantidade de erros na identificacao do estimulo
objetivo (fargef), a0 mesmo tempo que apresentaram
tempos de reagdo mais baixos. Os resultados dao evi-
déncias sobre o possivel papel da atencdo seletiva na
inaten¢@o do motorista, e mostram a utilidade potencial
de uma medida de busca visual conjunta no ambito da
avaliacdo de motoristas.

Palavras-chave: atengdo seletiva, inatengcdo do moto-

rista, avaliac@o, Busca Visual Conjunta, seguranca vial.

Selective attention is a fundamental ability in
the safe performance of the driving task. Drivers
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must be able to select relevant stimuli and ignore
those stimuli that are irrelevant to the task (distrac-
tors). In fact, selective attention functions to regula-
te and control the interference caused by irrelevant
stimuli (Diamond, 2013; Treisman & Sato, 1990).
However, occasionally a driver’s attention focuses
on matters not related to the driving task (e.g., tal-
king on a cellphone, text messaging, conversing
with a passenger, being lost in thought), generating
“distractions” that can affect driving performance.
This could result in degraded lane keeping, speed
control, increased reaction time, missed traffic sig-
nals, shorter or longer following distances, unsafe
gaps, reduced situational awareness, and poorer
visual scanning (Regan & Hallett, 2011).

Driver distractions are a major road safety con-
cern because they constitute an important risk
factor in traffic collisions. Studies indicate that
80% of collisions and 65% of near crashes invol-
ve some form of driver inattention (Dingus et al.,
2006; Klauer et al., 2006). Additionally, experts
warn that these problems could increase as new
technologies are introduced in vehicles (Blanco,
Biever, Gallagher, & Dingus, 2006; Chan, Pradhan,
Pollatsek, Knodler, & Fisher, 2010; Regan, Hallet,
& Gordon, 2011). In summary, we believe there is
an evident relationship between selective attention
and driving inattention, and that the study of this
process is therefore important to road safety; for
example, in the search for tools to evaluate and
train drivers.

One of the experimental paradigms most com-
monly used to evaluate selective attention is the
conjunctive visual search paradigm derived from
Feature Integration Theory (Treisman & Gelade,
1980). It is a brief and simple measure that demands
the intense involvement of selective attention and
the inhibitory function. This task is considered a va-
lid and objective measure of selective attention. It
has been used in fields as diverse as cognitive psy-
chology, neuropsychology and clinical psychology
(Booth et al., 2003; Muller & Krumennacher, 2006;
Style, 2006; Tsal, Shalev, & Mevorach, 2005).
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The Conjunctive Visual Search Task (CVST)
also offers a useful paradigm for evaluation in
the driving context, opening new lines of possi-
ble research. One basic application in this regard
is the gathering of evidence that associates task
performance with specific behaviors in the dri-
ving context. In fact, several studies have shown
relationships between experimental measures of
attention and propensity to distractions in various
activities of daily life (Cheyne, Carriere & Smi-
lek, 2006; Forster & Lavie, 2007; Lopez-Ramon,
Castro, Roca, Ledesma, & Lupianez, 2011; Manly,
Robertson, Galloway, & Hawkins, 1999; Robertson
et al., 1997; Wallace & Vodanovich, 2003). The
goal of this study was to analyze the relationship
between CVST performance and the predispo-
sition of drivers to experience attentional errors
while driving. For this purpose, we analyzed if
the CVST is associated with a specific measure of
driver inattention: the Attention-related Driving
Errors Scale (ARDES; Ledesma, Montes, Poo,
& Lopez-Ramon, 2010). The ARDES evaluates
individual differences in the propensity to commit
attentional failures while driving. Our working
hypothesis is that drivers with a greater propensity
for driver inattention (high ARDES scores) will
tend to perform poorly on the CVST (e.g., greater
errors in identifying the target stimulus). We hope
to provide preliminary evidence of the CVST’s
usefulness in the field of road safety.

Method
Participants

We worked with a convenience sample of =30
drivers in the City of Mar del Plata, Argentina
(between the ages of 19 and 69, Mean=38.17,
S.D.=13.54, 53% male). The following inclusion
criteria were used: must be of legal age, must have
a driver’s license and must have driven regular-
ly during the past month (at least once a week).
The majority of subjects drove regularly (83.3%
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nearly every day; 16.6% some days of the week)
and overall the sample had 18 years of driving
experience on average. All participants had com-
pleted their high school education at the time of
their participation and 60% had completed their
university studies.

Measures

Selective attention was measured using the
conjunctive visual search paradigm (Treisman &
Gelade, 1980; Introzzi, Canet Juric, Comesafia,
Andrés, & Richard’s, 2013). This is an experimen-
tal task that consists of finding a target defined by
a combination of two visual characteristics: color
and shape. The target is a blue square that may be
present or absent among a variable set of distractor
stimuli consisting of blue circles and red squares.
Four display sizes are presented that vary in terms
of the number of distractor stimuli: 4, 8, 16 and 32.
In each block, half the distractors are red squares
and the other half are blue circles. Each block has
the same number of distractors distributed rando-
mly. In half the tests, the target is present and in the
other half it is absent. The stimuli are distributed
randomly on a 7x6 matrix that is 9.5 cm wide by
8 cm tall. Participants are to respond as accurately
and quickly as they can, pressing M on a keyboard
with their right index finger if the target is absent
and Z if the target is present. Each test is preceded
by a white cross positioned in the center and dis-
played for 100 ms, after which the stimuli appear.
Only after the subject has transmitted a response
does the next test appear.

The task is comprised of an initial practice block
of 10 tests and three evaluation (or experimental)
blocks of 40 tests each. Each block contains 10
tests per display size. As previously mentioned, the
target is present in half the test display sizes and
absent in the other half. The different display sizes
are randomly distributed in each block.

The performance variables and measures were:
(1) Amount of errors: Consists of the total number



of incorrect responses, differentiated by display si-
zes (4, 8, 16, and 32 distractors). The total amount
of errors was calculated by adding the variables
Error 4, 8, 16, and 32, and dividing by the number
of display sizes. (2) Mean response time (RT):
Consists of the mean response time differentiated
by display sizes (4, 8, 16, and 32); mean RT in tests
where the target is present and mean RT in tests
where the target is absent. The three experimental
blocks are structured identically: 10 tests for each
display sizes, with the target present in half (5
tests) and absent in the other half. (3) Differences
in RT between display sizes with 4 and 32 dis-
tractors: This variable, together with Total Error,
was considered a ‘global’ variable for purposes of
analysis. Table 1 summarizes the descriptions of
the variables used.

Table 1
Descriptions and abbreviations of variables
Variable Abbreviation

Number of incorrect responses with 4

. Error
distractors 4
Number of incorrect responses with 8

. Error,
distractors 8
Number of incorrect responses with 16

. Error
distractors 10
Number of incorrect responses with 32

. Error
distractors 32
Total number of incorrect responses

. . Error.

(under all display sizes) T
Mean response time with 4 distractors RT,
Mean response time with 8 distractors RT,
Mean response time with 16 distractors RT
Mean response time with 32 distractors RT,,
Difference in mean response time with 4 RT
and 32 distractors 34

Driver inattention proneness was measured
using the ARDES (Ledesma et al., 2010), a self-re-
porting instrument comprised of 19 items that
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evaluate errors associated with attentional failu-
res while driving (e.g., “At a street corner, I fail
to realize that a pedestrian is crossing the street”).
High scores on this scale reflect a high propensity
to commit errors. The original study (Ledesma et
al., 2010) provided preliminary evidence of the
validity and reliability of its scores. The scale was
shown to be a unidimensional measure with a high
degree of internal homogeneity and consistency
(Cronbach’s alpha=.88). It was also observed to
have a strong correlation with other validation
measures, including measures of attention-rela-
ted errors in everyday life (Cheyne et al., 2006),
present event awareness and attention (Brown &
Ryan, 2003), dissociation (Bernstein & Putnam,
1986), and boredom proneness (Farmer & Sund-
berg, 1986). These findings indicate that ARDES
reflects a trait-like propensity for driving inatten-
tion. ARDES also differentiated those who had
reported traffic collisions and tickets for traffic
violations from those who had not. Cronbach’s
alpha for the present sample was .72.

Procedures

The task was administered using the computer
program Cognitive Self-regulation Tasks (7areas
de Autorregulacion Cognitiva [TAC], Introzzi
etal., 2013). Half the subjects first responded to the
ARDES scale and then the CVST; the order was
inverted for the other half. When the instruments
were administered, the experimental test generated
results that were transmitted to a database that in-
cluded the subject’s number, socio-descriptive data
and the different performance variables. Subjects
completed an informed consent form beforehand,
wherein the nature and purpose of the research
was explained to them, and they were guaranteed
anonymity and confidentiality with respect to the
administration of the instruments and the handling
of their information.
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Data analysis

First, an analysis was conducted to determine
the internal coherence of CVST results; in other
words, that the RTs were greater in display sizes
where the target was absent and when there were a
greater number of distractors. We used a Repeated
Measures ANOVA to evaluate the effect on RT of
the target’s presence and the number of distractors
(4, 8, 16, and 32). Further, the relationship between
reported driving errors and the experimental task
was analyzed using Pearson correlations between
the CVST’s performance measures (Errors and RT)
and the ARDES scores. Partial correlation between
the same variables was performed controlling for
age. Finally, a multivariate analysis was applied to
examine differences in task performance (Errors
and RT) and in ARDES scores due to gender and
age. Prior to the analysis, 2 cases were excluded
due to excessively slow reaction times in the CVST
(more than two SD from the mean RT).

Results

The CVST’s internal results were coherent with
expectations. The repeated measures ANOVA in-
dicated a significant effect on RT as a result of the
presence of the Target (F(1) =44.725% p<.01) and
the number of distractors (F(3) =33.078% p<.01).
The interaction between both factors was also signi-
ficant (£(3) =8.846°p<.01). As shown in Figure 1,
RT slows as the number of distractors is increased.

1800 —

1600 —

1400 —

1200 —

1000 —

800 —

w/Target w/o Target

W 4 dist. 8dist. M 16 dist. 32 dist.

Figure 1. Effect of the presence of the target and the
number of distractors on RT

Table 2 shows Pearson correlations between
CVST’s performance measures (Errors and RT) and
the ARDES scores. With respect to the relationship
between ARDES scores and CVST performance, a
positive correlation was observed with the number
of'total errors (Error,) committed in the task (r=.41,
p<.05). No significant correlations were obser-
ved when differentiated by display sizes (Error,,
Error,, Error , and Error,,). With respect to RT, the
ARDES correlated negatively with the variables
RT,,, (=44, p<.01), RT (=37, p<.05), and
RT,, (r=—41, p<.05). No significant correlations
were observed between the ARDES and the varia-
bles RT, (r=—.17, p>.05) and RT, (=25, p>.05).
It should be noted that although the correlations

Table 2
Correlations between the CVST's performance measures and the ARDES scores
ARDES Age Error, Error,  Error,,  Error,,  Error, RT, RT, RT RT,,
ARDES 1
Age 7'_29 1
31
Error, 7 -22 1
Continue
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ARDES Age Error, Error,  Error,  Error,,  Error, RT, RT, RT,, RT,,
Error, 3? -36 ?Z* 1
B, Gy R o
I T
S R N
e S R A
RS e s e
ST P R A
T R S S . A
RT —44 537 -11 -.19 -11 —-15 =20 427 .53 13T .93
324 -35" -01 .00 .01 —-24 -12 .04 .27 .59 .92

“p <.01 (unilateral). p < .05 (unilateral).
Note: Partial correlations controlling for age in italic font.

between the ARDES and the RTs were significant
in display sizes with 16 and 32 distractors, these
tended to increase with the number of distrac-
tors. Additionally, correlations between the Error
(Error,, Error,, Error  and Error,, and Error,) and
RT(RT,, RT,, RT,, RT,,,and RT,, ) variables were
not found to be statistically significant.

Regarding age, positive and strong correlations
with RT were found in the different display sizes
(RT,,RT,,RT,, RT,,, and RT,, ,), but not with the
amount of errors in the task. No correlation with
ARDES scores was observed.

When controlling for age, correlations be-
tween CVST and ARDES remain, although they
tend to decrease slightly. RT , and RT,, are no
longer significant. Multivariate analysis showed
significant effect of age on RT variables, RT,
(F (1)=31.44, p<.01), RT, (F (1)=22.46, p<.01),
RT,, (F (1)=21.84, p<.01), RT,, (F (1)=26.05,
p<.01), and RT_ , (F (1)=4.14, p<.05), but not

32-4

on Error variables, Error, (F (1)=1.28, p> .05),
Error, (F' (1)=3.76, p> .05), Error,, (F (1)=1.05,
p> .05), Error,, (F (1)=.29, p> .05), y RT,
(F (1)=.79, p> .05). Finally, no significant diffe-
rences in the task performance, nor in ARDES
scores resulted from gender, Error | (£ (1)=.52,
p>.05), RT,, (F (1)=2.01, p>.05), ARDES
(F (1)=1.59, p>.05).

Discussion

This study sought to provide preliminary evi-
dence of the relationship between driver inattention
and selective attention, and of the possible useful-
ness of a visual search task as an assessment tool.
Although a great deal more research is needed, the
results of this study are promising. In general, we
observed that CVST performance is associated to
a driver inattention measure, which suggests that
it could be useful in the field of road safety.
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Drivers with the highest propensity for driver
inattention performed worse in the attentional
task, as shown by a greater number of target iden-
tification errors (interpreted as attentional lapses).
A result that is more difficult to interpret is the
inverse relationship between ARDES scores and
RT in the CVST. One possibility is that the inat-
tention tendency measured by ARDES may reflect
failures in inhibitory control, resulting in hurried
responses. We believe future research is needed to
test this hypothesis.

The CVST indicators that differentiated the
most were, first, the difference in the response times
in display sizes with 32 and 4 distractors (RT,,,),
which is one of the better measures of selective
attention failures because it reflects a decrease in
performance as the number of distractors increases
(Tsal et al., 2005). Therefore, the higher the value
of this variable, the less efficient one’s selective at-
tention. The second indicator, the response time in
display sizes with 32 distractors (RT,,), is more ‘de-
manding’ because the higher number of distractors
requires the greatest exercise of selective attention.
And the third, ‘Total Errors,’ refers to the number
of incorrect responses or errors in all display sizes.
Additionally, it should be noted that no significant
relationship was observed with these indicators in
display sizes with 4 and 8 distractors (RT,, RT,,
Error,, Error,), which was to be expected because
selective attention is practically not engaged with
such low numbers of distractor stimuli.

On the other hand, the impact of age over
CVST’s reaction times is in line with the great
deal of evidence indicating that advancing age is
accompanied by a decline in performance on a wide
variety of cognitive tasks, both in the laboratory and
in everyday life (see for example Van der Linden,
& Collette, 2002). At first glance, this result could
suggest an impairment on driving performance,
however, one must be cautious in predicting per-
formance of older drivers from cognitive abilities.
In fact, there is evidence that many older drivers
compensate age-related declines while driving
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(e.g., reducing their speed, avoiding difficult dri-
ving conditions) (Andrews & Westerman, 2012;
Ball et al., 1998; Hakamies-Blomqvist & Wahls-
trom, 1998). Indeed, previous evidence showed
that novice drivers are at a greater risk of crashing
(see for example Chan et al., 2010).

From a substantive perspective, the results in-
dicate a relationship between driver inattention
and the efficiency of selective attention. This is
coherent with previous studies that suggest that
driver inattention is not only a situational pheno-
menon or one specific to driving, but also one that
is explained by personal variables pertaining to the
driver (e.g., general error propensity, dissociative
traits, boredom proneness) (Ledesma et al., 2010).
To achieve a more global vision of the factors un-
derlying attention-related errors, it would be ne-
cessary to evaluate the interaction between these
cognitive variables and personality, together with
other contextual variables.

In summary, the results provide initial evidence
that the CVST may be a valid measure to use in
the driving context for research purposes, evalua-
tion and prevention. Further research is needed
to broaden the evidence of validity for the CVST
in the driving context, using more representative
samples and data on attentional driving errors from
other information sources (e.g., naturalistic ob-
servation, simulated driving tasks, accident data).
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