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Objective: This study investigated the effect of a nondriving cognitively loading task
on the relationship between drivers’ endogenous and exogenous control of attention.
Background: Previous studies have shown that cognitive load leads to a withdrawal
of attention from the forward scene and a narrowed field of view, which impairs hazard
detection. Method: Posner’s cue-target paradigm was modified to study how endog-
enous and exogenous cues interact with cognitive load to influence drivers’ attention
in a complex dynamic situation. In a driving simulator, pedestrian crossing signs that
predicted the spatial location of pedestrians acted as endogenous cues. To impose cogni-
tive load on drivers, we had them perform an auditory task that simulated the demands
of emerging in-vehicle technology. Irrelevant exogenous cues were added to half of the
experimental drives by including scene clutter. Results: The validity of endogenous cues
influenced how drivers scanned for pedestrian targets. Cognitive load delayed drivers’
responses, and scene clutter reduced drivers’ fixation durations to pedestrians. Cognitive
load diminished the influence of exogenous cues to attract attention to irrelevant areas,
and drivers were more affected by scene clutter when the endogenous cues were invalid.
Conclusion: Cognitive load suppresses interference from irrelevant exogenous cues and
delays endogenous orienting of attention in driving. Application: The complexity of
everyday tasks, such as driving, is better captured experimentally in paradigms that rep-

resent the interactive nature of attention and processing load.

INTRODUCTION

Increasingly, manufacturers and after-market
suppliers offer drivers in-vehicle information
systems that promise increased productiv-
ity, convenience, and mobility. These systems
can also undermine driver safety, given the
potential for driver distraction. In 2005, the
U.S. Department of Transportation’s National
Highway Traffic Safety Administration esti-
mated that 10% of vehicles driven during day-
light hours were by someone conversing on a
wireless phone (Glassbrenner, 2005). More
generally, drivers engaged in a distracting activ-
ity an average of once every 6 min (McEvoy,
Stevenson, & Woodward, 2006). A naturalistic
driving study demonstrated that driver inatten-
tion is the leading contributor to crashes and
near-crashes, with inattentive drivers having

3 times the likelihood of a near-crash or crash
as attentive drivers (Klauer, Dingus, Neale,
Sudweeks, & Ramsey, 20006).

Simulator experiments can complement nat-
uralistic studies by identifying the mechanisms
underlying the increased crash risk associated
with driver distraction. For example, Strayer
and Johnston (2001) examined the influence
of several distracting activities on driving per-
formance in a controlled environment. They
observed that active engagement in cell phone
conversations interfered with drivers’ ability to
detect simulated traffic lights, but holding a cell
phone or listening to books on tape did not. In a
subsequent study, Strayer, Drews, and Johnston
(2003) concluded that actively engaging in a
secondary, nondriving task led to a withdrawal
of attention from the forward scene, yielding
a form of inattention blindness. In addition,
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cognitively loaded drivers had trouble recall-
ing prior encounters with roadway objects even
though drivers looked at those objects, suggest-
ing that performing a secondary task disrupts
the process of encoding fixated information.
Recarte and Nunes (2003) found that perform-
ing a cognitively demanding task while driv-
ing narrowed drivers’ scanning of the road and
reduced how frequently they checked the rear-
view mirror and speedometer. This altered scan-
ning pattern suggests that cognitive load impairs
how drivers distribute their attention. However,
the specific mechanisms by which nondriving
cognitively loading tasks interfere with the con-
trol of attention have not been well studied.

The current study was designed to further
understand the mechanisms underlying the con-
trol of attention and driver distraction. Substantial
evidence suggests that two mechanisms influence
attentional control: top-down, or endogenous,
control and bottom-up, or exogenous, control.
Posner’s cue-target paradigm (Posner, 1980;
Posner, Nissen, & Ogden, 1978) has been used to
study the control of visual attention by using dif-
ferent cues to separate the endogenous and exog-
enous contributions. Endogenous cues consist of
symbolic representations, such as an arrow, that
direct attention voluntarily and spatially to the
cued locations. Exogenous cues consist of physi-
cal properties of likely target locations, such as
the abrupt onset of cues, that direct attention
automatically to the cued locations.

Researchers using Posner’s paradigm have
shown that cues that indicated the likely loca-
tion of a subsequent target stimulus enhanced
speed and accuracy of target detection and that
endogenous cues elicit slow-acting, voluntary
orienting of attention, whereas exogenous cues
elicit fast-acting, reflexive orienting of attention
(Berger, Henik, & Rafal, 2005; Luck & Vecera,
2002; Theeuwes, 1991a, 1994). Invalid cues led
to longer reaction times (RTs) and lower accu-
racy than did valid cues, and neutral cues yielded
intermediate performance responses. Jonides
(1981) compared the effect of a memory span
secondary task on the processing capacity asso-
ciated with endogenous and exogenous cues.
The costs-plus-benefits analysis (RT and error
rate differences between invalid and valid trials)
indicated that a greater invariance as a function
of memory load was observed for the exogenous

cue condition than for the endogenous cue con-
dition. As memory load increased, valid endog-
enous cues became less beneficial and invalid
endogenous cues became more costly.

Muller and Rabbitt (1989) found that simulta-
neous task-irrelevant and spatially uninformative
flashes interrupted the voluntary, endogenous
orienting to a greater degree than they did the
reflexive, exogenous orienting. Furthermore,
Lavie’s load theory of attention (Lavie, 1995;
Lavie, Hirst, de Fockert, & Viding, 2004; Lavie
& Tsal, 1994; Rees, Frith, & Lavie, 1997) sug-
gests that selective attention of a relevant task
and rejection of irrelevant distractors are influ-
enced by the processing load of the relevant
task. When the load is high, little or none of the
remaining capacity can be distributed to pro-
cessing irrelevant distractors; as a result, inter-
ference from the distractors is reduced. These
studies used simple displays that lack the com-
plex, dynamic demands of many tasks, such
as driving, and so it is not clear which of these
accounts of how cognitive load influences the
orientation of attention might apply to driving.
For that reason, the current study adapts Posner’s
paradigm to the driving domain, a complex and
dynamic environment that is representative of
situations that place high demands on atten-
tional control.

Adapting Posner’s paradigm to driving can
clarify how cognitively loading secondary tasks
influence the exogenous and endogenous control
of attention and the degree to which distractors
are processed. A top-down visual search task
was implemented, and participants searched
for target pedestrians while interacting with a
simulated in-vehicle system. Consistent with
Jonides (1981), we hypothesized that cogni-
tive load from the secondary task would under-
mine endogenous control of attention, making
valid cues less beneficial and invalid cues more
costly. We also hypothesized that the influence
of irrelevant exogenous-driven stimuli from
scene clutter would be particularly strong when
the driver was cognitively loaded.

METHOD

Participants
Sixteen native English speakers (5 men and

11 women) ranging in age from 21 to 30 years
(M = 26, SD = 2.3) participated in this study.
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They had normal or corrected-to-normal vision,
drove at least three times per week and 4,828 km
(3,000 miles) per year, and possessed a valid
driver’s license for at least 5 years. They were
screened for color perception using Ishihara’s
tests for color-blindness (Ishihara, 1966).
Participants were compensated for their time at
a rate of $15 per hour. A bonus of up to $9.60
was offered as an incentive to perform well on
the secondary task.

Apparatus and Tasks

A fixed-based, medium-fidelity driving sim-
ulator was used for the experiment. The simula-
tor uses a 1992 Mercury Sable vehicle cab that
has been modified to include a screen with a
50° visual field of view, force feedback steer-
ing wheel, and a high fidelity sound system.
DriveSafety’s Vection™ software generated
fully textured graphics at a 60-Hz frame rate
with 1,024 x 768 resolution. Data were collected
at a rate of 60 Hz.

We collected eye movement data at 60 Hz
using a Seeing Machines’ FaceLab™ eye track-
ing system (Version 4.2). This system uses
two small video cameras to track head and eye
movements and is able to calculate the coordi-
nates for a gaze vector that intersects the simu-
lator screen. The system does not require any
head-mounted hardware and is unobtrusive.

The driving task required participants to use
cruise control and to drive in the center lane of a
foggy, one-way, three-lane highway. The cruise
control maintained a constant headway of 28 m
to a lead vehicle and was activated by driv-
ers accelerating to 48.3 km/h. Participants were
asked to monitor the lead vehicle and to brake
as soon as they noticed the lead vehicle brak-
ing (the cruise control did not respond to the
braking lead vehicle) and to resume their speed
and reengage cruise control after each braking
event. There was traffic in the adjacent lanes.

Sudden changes of roadside objects that have
high-contrast images may capture drivers’ atten-
tion involuntarily (Theeuwes, 1991b). Thus, the
study also included exogenous cues that clutter
the driving scene that were different from the
locations of target pedestrians. Thus, in half of
the drives, billboards that flashed at a rate of
four times per second were added to the grassy
areas 18 m from either edge of the road.

The secondary task provided a controlled
introduction of demands that are similar to those
of emerging in-vehicle technology. The task
required participants to listen to and respond
to auditory messages that were presented by
a synthetic English-speaking male adult voice
(Reyes & Lee, 2004). Each message presented
information on the cost (one dollar sign or two
dollar signs), quality (one star or two stars),
and wait time (short or long) for three different
restaurants. At the end of each message, par-
ticipants were asked six questions that required
transforming the information to categories of
restaurants.

Our study included a pedestrian detection
task that is similar to the traditional Posner par-
adigm. The modified cue-target paradigm used
pedestrian crossing signs as the endogenous cue
and pedestrians located in the parking lane as
the target. Drivers were expected to use their
knowledge of and experience with road signs to
guide their attention endogenously to meaning-
ful objects (Theeuwes, 1991b). Pedestrians were
always occluded by trucks in the parking lanes
and by fog for all but approximately 2 s. There
were 20 pedestrians following each endogenous
cue, and each pedestrian could appear behind
1 of 40 pairs of trucks (one on either side of the
road). When drivers detected a pedestrian, they
responded by pressing a right or left button on
the steering wheel corresponding to a pedestrian
with a red or green shirt, respectively. The pur-
pose of having participants respond to the shirt
color was to ensure that pedestrian locations
were independent of response button locations
(Spence & Driver, 1994).

Certain modifications were necessary in
adapting Posner’s cue-target paradigm to the
driving simulator environment. Instead of a fix-
ation point, participants drove through a natural
scene and monitored a lead vehicle that braked
periodically. Instead of an endogenous cue for
each onset of a target, participants had to detect
20 targets after the onset of each endogenous
cue. Instead of brief delay between the cue
and target onset, approximately 20 s elapsed
between the cue and onset of the first target;
participants took 5 to 7 s to drive past the next
pair of trucks, and participants could make mul-
tiple fixations toward the potential target loca-
tions before and after they detected the target.
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Even though visual attention was less carefully
controlled, these modifications exposed partici-
pants to a complex, dynamic situation that is
more representative of everyday activities than
the traditional cue-target paradigm.

Procedure

Participants were informed of the asso-
ciation between pedestrian crossing signs and
pedestrians and were told that pedestrians may
be observed after the signs. They then learned
the definitions of the restaurant categories and
the need to transform numerical information to
categorical information. Participants’ compre-
hension of the experimental manipulations was
assessed by a set of multiple-choice questions.
After correctly answering the questions, partici-
pants drove a practice drive to get accustomed
to the vehicle dynamics, driving environment,
and the detection task.

Participants also practiced the secondary
task while sitting in the simulator. They were
then required to verbally answer each question
with the appropriate restaurant name and were
encouraged to provide their best answer even if
they were not sure. They were rewarded with a
$0.20 incentive for each correct answer.

Data collection began after participants fully
understood the instructions. Participants were
told to scan the driving scene and drive as they
normally would. Each drive was 14 km long
and took approximately 18 min to complete.

Each drive included two sections with
neutral cues, one with a cue to the left, and
one with a cue to the right (Figure 1). Each
section began with an auditory message that
indicated the upcoming presentation of the
pedestrian crossing signs. The signs appeared
shortly after the auditory message and were
visible for approximately 5 s. Participants saw
either one pedestrian crossing sign and one
merge sign or two pedestrian crossing signs.
A pedestrian sign on the right and a merge sign
on the left was a predictive cue and analogous
to an arrow pointing to the right in the cue-
target paradigm (Jonides, 1981; Posner, 1980;
Posner et al., 1978). Following the predictive
cue, 16 out of 20 targets (80% of the targets
in each section) were validly cued targets that
appeared on the same side of the road as the

sign. The remaining 4 targets (20% of total
targets) appeared on the road opposite the sign
and so were invalidly cued.

Pedestrian signs on both sides of the road
were a neutral cue. Following the neutral cue,
there were 10 targets that appeared on the right
side of the road, and 10 appeared on the left side
of the road. The pedestrian crossing signs in this
condition were analogous to a neutral double-
headed arrow (Berger et al., 2005; Laubrock,
Engbert, & Kliegl, 2005) or a diamond-shaped
cue (Jonides, 1980) in the traditional cue-target
paradigm.

After the signs, the participants then heard
another auditory message, which asked them to
report the location of the pedestrian sign(s), on
either the right, the left, or both sides of the road.
The first pedestrian appeared approximately 20 s
after the sign, and subsequent pedestrians were
separated by approximately 120 m. Participants
were informed that more pedestrians would
appear on the cued side as the sign but were not
informed of the actual percentage.

Experimental Design

The study used a within-subjects design
with the following factors: secondary task
(task, no task), scene clutter (high, low), and
pedestrian crossing sign (valid, neutral, and
invalid). Secondary task and scene clutter
varied between drives, and pedestrian cross-
ing sign varied within drives. Participants per-
formed the secondary task in two experimental
drives and confronted scene clutter in two
experimental drives (one drive in the task con-
dition and one drive in the no-task condition).
High scene clutter was defined by the presence
of billboards along the side of the road. There
were no billboards in the low-clutter condition.
The secondary task included a listening period
and a responding period that always followed
the listening period. Half of the braking events
and half of the pedestrian events occurred when
participants listened to the auditory message,
and the other half occurred while participants
responded to the questions. The order of the
pedestrian crossing signs was counterbalanced
for each drive and across participants and the
experimental conditions according to a Graeco-
Latin square design.
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Figure 1. Design and configurations of the four sections within one drive. Black dots indicate target pedestrians.

Dependent Variables

Button responses and eye fixations were
recorded to assess the degree to which attention
was influenced by secondary task, scene clut-
ter, and pedestrian crossing signs. Consistent
with the analysis used for the traditional cue-
target paradigm, the dependent variables, accu-
racy (percentage of correct responses), and RT
to button presses were averaged across each
drive from responses made within 3 s after
participants drove by each pedestrian location.
Responses made more than 3 s after passing the
pedestrian location were excluded because such
a long delay suggests that the response did not
relate to the appearance of the pedestrian.

Eye fixations were categorized according
to the five equal-area boxes shown in Figure 2.

Based on the fixations made during the 3-s
response windows after participants drove by
each potential pedestrian location, percentages
of fixations to each area of interest were calcu-
lated to assess how the concurrent performance
of an auditory task, the billboards with flashing
points, and the pedestrian crossing signs influ-
enced scanning behavior.

RESULTS

The effects of secondary task, scene clutter,
and pedestrian signs on target detection perfor-
mance and eye movements were analyzed as a 2
(secondary task: task, no task) x 2 (scene clut-
ter: high, low) x 3 (pedestrian signs: valid, neu-
tral, invalid) within-subjects ANOVA. The SAS
MIXED procedure with a compound symmetry
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Figure 2. The scene that confronted the drivers, with a pedestrian on the left, the lead vehicle in the center, traffic
in adjacent lanes, and occluding trucks on either side: an overlay of the five areas of interest.

covariance structure was used. Cohen’s d was
calculated to show the magnitude of the effects.

Accuracy in Detecting Pedestrians

The validity of pedestrian signs affected how
accurately participants responded to pedestrians,
F(2,30) = 28.47, p < .0001. The accuracy was
higher for responding to validly cued pedestri-
ans (M = .94) than for invalidly cued pedestrians
(M= .84),#30)=5.80, p <.0001, d =2.20, and
for neutrally cued pedestrians (M = .86), #30) =
7.08, p <.0001, d = 0.94. The accuracy was not
different between detecting invalidly cued and
neutrally cued pedestrians, #(30)=1.28, p =.609,
d = 0.20. The accuracy in detecting pedestrians
did not decrease while participants performed a
secondary task, F(1, 15)=0.75,p=.386,d=0.12,
or in the presence of scene clutter, F(1, 15) =
0.31, p =.578, d = 0.08. There were no signifi-
cant two-way or three-way interactions.

Reaction Time to Detecting Pedestrians

Performing a secondary task while driving
increased participants’ RT to detect pedestrians

from 1.35sto 1.48 s, F(1, 15)=36.92, p <.0001,
d = 0.59. The validity of pedestrian signs also
affected reaction time, F(2, 30) =4.60, p = .011,
with the mean RTs for responding to validly
cued pedestrians (1.39 s), #30) = —2.48, p =
.042, d = 0.27, and neutrally cued pedestrians
(1.395s), #30) =-2.75, p = .019, d = 0.32, being
shorter than those for responding to invalidly
cued pedestrians (1.46 s). The RT for detect-
ing pedestrian was not significantly different
between the validly cued and neutrally cued
conditions, #30) = 0.27, p = 1.000, d = 0.03.
The presence of scene clutter did not increase
RT, F(1, 15) = 1.94, p = .165, d = 0.13. There
were no significant two-way or three-way inter-
actions. Accuracy and RT were not correlated
across participants, 7(192) = —.08, p = .267, or
within participants (p value ranged from .11 to
.80), and therefore there was no evidence of a
speed—accuracy trade-off in any of the experi-
mental conditions.

RTs, averaged across four experimental
drives, were examined to determine if the Simon
effect (Proctor & Vu, 2006) was observed:
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There was a difference among the four possible
stimulus—response combinations, F(3, 45) =
6.61, p = .0009, and this significant effect was
attributable to slightly faster responses (M =
1.26 s) for the combination of pedestrians wear-
ing red shirts appearing on the left side of the
road and participants pressing the right steering
wheel button (mean RTs for the three other com-
binations were 1.45 s, 1.40 s, and 1.45 s). A simi-
lar pattern was found in the high-clutter, no-task
drive, F(3,45)=3.01,p=.04 (1.22 s vs. 1.47 s,
1.39 s, 1.35 s) but not in the other three drives
(ps > .05). These findings suggest that there was
no systematic advantage of compatible mapping
between location of pedestrians and color of
shirts for button-pressing responses.

Percentage of Fixations
in the Lead Vehicle Area

Performing a secondary task while driving
increased the percentage of fixations in the lead
vehicle area from 46% to 50%, F(1, 15)=5.07,
p=.029, d=0.38. Scene clutter did not signifi-
cantly decrease the percentage of fixations in
the lead vehicle area, F(1, 15) =2.60, p =.113,
d = 0.27. There was no significant interaction
between secondary task and scene clutter.

Percentage of Fixations
in the Pedestrian Areas

The validity of pedestrian signs affected the
percentage of fixations to the pedestrian areas,
F(2,30)=10.17, p <.0001. The mean percent-
age of fixations was lower in locations that were
invalidly cued (M = 17%) than those that were
validly cued (M = 22%), #30) = —4.46, p <
.0001, d = 0.56) and neutrally cued (M = 20%),
#(30)=-2.82, p=.015, d=0.44. The percentage
of fixations was not different for validly cued
and neutrally cued locations, #30) = 1.63, p =
313, d =0.22. Performing a secondary task sig-
nificantly decreased the percentage of fixations
in pedestrian areas from 21% to 18%, F(1, 15) =
6.27, p = .013, d = 0.27. Scene clutter did not
affect the percentage of fixations in pedestrians
areas, F(1, 15) =132, p = .252,d =0.12, and
none of the interactions was significant.

The probability of detecting a pedestrian
given that participants fixated the pedestrian
areas within the 3-s response window was not
different within drives (means were .97, .97,

and .96 for valid, neutral, and invalid locations,
respectively), F' < 1, or between drives (M = .96
in task condition, M = .97 in no-task condition,
M = 97 in low-clutter condition, and M = .95
in high-clutter condition), F's < 1. This finding
suggests that detection performance was similar
for all conditions if the participant fixated the
area of pedestrians.

Duration of Fixations
in the Pedestrian Areas

Scene clutter decreased the duration of fixa-
tion in the pedestrian areas from 0.21 s t0 0.18 s,
F(1,15)=11.89,p=.0007, d=0.40. Performing
a secondary task also decreased duration of fixa-
tions in the pedestrian areas from 0.20st0 0.18 s,
F(1,15)=4.09, p = .044, d = 0.23. The validity
of pedestrian signs did not affect the duration of
fixation, F(2, 30) = 1.84, p = .162. There was a
significant interaction between scene clutter and
pedestrian signs, F(2, 30) = 5.88, p =.003, sug-
gesting that clutter decreased fixation durations
for invalidly cued pedestrians but not for validly
cued or neutrally cued pedestrians (Figure 3). The
interaction between secondary task and scene
clutter was also significant, F(1, 15) = 11.30,
p=.001, suggesting that scene clutter decreased
fixation durations in the no-secondary-task con-
dition but not when there was a secondary task
(Figure 4). No other interaction effects were
significant.

Percentage of Fixations
in the Billboard Areas

Scene clutter increased the percentage of
fixations in the billboard areas from 5% to 7%,
F(1,15)=12.33, p=.001, d = 0.42. Performing
a secondary task did not affect the percentage of
fixations in the billboard areas, F(1, 15) =0.21,
p =.647,d = 0.06, nor did the pedestrian signs,
F(2,30)=2.76, p = .066. There were no signifi-
cant interactions.

Secondary Task Performance

Scene clutter did not affect the percentage
of correct responses to the auditory messages,
F(1,15) =045, p = .502, d = 0.11, nor did the
configurations of pedestrian crossing signs (i.e.,
two neutral cues or one valid cue), F(1, 15) =
0.89, p =.348, d =0.16. The interaction was not
significant.
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Figure 3. Mean (+ SE) fixation duration and percent-
age of fixation in pedestrian areas as a function of
scene clutter and validity of pedestrian signs.

DISCUSSION

This experiment assessed how an auditory-
verbal task and irrelevant exogenous-driven
stimuli (scene clutter represented as flashing
billboards) affected the use of endogenous cues
(pedestrian crossing signs) to detect pedestrians.
We hypothesized that cognitive load and irrel-
evant exogenous cues would undermine endog-
enous control of attention, and the results show
that cognitive load delayed drivers’ responses
and irrelevant exogenous cues decreased the
duration of pedestrian fixations. The accuracy
of pedestrian detection was higher for validly
cued pedestrians than for invalidly cued and
neutrally cued pedestrians. In contrast with our
hypothesis, cognitively loaded drivers were
less, not more, susceptible to irrelevant exog-
enous cues.
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Figure 4. Mean (+ SE) fixation duration and percent-
age of fixation in pedestrian areas as a function of
scene clutter and secondary task.

Results show that drivers had more fixations,
higher accuracy, and shorter RTs when respond-
ing to validly cued pedestrians than to invalidly
cued pedestrians. This finding suggests that the
manipulations of pedestrian crossing signs as the
endogenous cues were effective in altering driv-
ers’ search behavior in a manner consistent with
the Posner paradigm. When drivers did fixate
on invalidly cued locations, the duration of fixa-
tions did not differ from those of validly cued
locations. Contrary to findings of Strayer et al.
(2003), there was no evidence that information
consolidation was affected by pedestrian cross-
ing signs, secondary task, or scene clutter. In this
study, drivers consistently detected targets that
they fixated across all conditions. In addition,
there was no evidence of the typical Simon
effect, provided that participants responded to
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the shirt color of target pedestrians instead of
the pedestrian locations. This suggests that the
use of buttons for the target detection responses
in our context was appropriate.

Results show delayed responses to pedes-
trians when drivers were engaged in the sec-
ondary task, and this is consistent with others’
findings (Alm & Nilsson, 1994, 1995; Horrey &
Wickens, 2006; Lee, Caven, Haake, & Brown,
2001). Performing the secondary task also
reduced fixations to pedestrian areas, regard-
less of the validity of pedestrian signs. We did
not find evidence of reduced benefits of valid
cues and increased costs of invalid cues in the
presence of the secondary task as reported in
Jonides (1981). However, the current finding
parallels results of Lee, Lee, and Boyle (2007),
which involved the use of a dynamic change
blindness paradigm to show that cognitive load
uniformly diminished participants’ sensitivity
in detecting vehicle changes, independent of
their safety relevance.

Ahigher percentage of fixations was observed
in the area of the billboards (the irrelevant
exogenous cues), indicating that scene clutter
attracted attention. Although drivers did not
fixate on potential target locations significantly
less with the scene clutter present, scene clut-
ter did decrease duration of fixations in pedes-
trian areas when the pedestrians were invalidly
cued. Such short glances to pedestrians in the
presence of irrelevant exogenous cues suggest
that the influence of exogenous cues is stronger
when the endogenous control is less beneficial
(Muller & Rabbitt, 1989).

Cognitively loaded drivers appeared to be
less susceptible to irrelevant exogenous cues,
which is consistent with Lavie’s load theory
of attention (Lavie, 1995; Lavie et al., 2004;
Lavie & Tsal, 1994; Rees et al., 1997). In our
study, when drivers engaged in a secondary task
while also performing the visual search task,
the elevated task load diminished the interfer-
ence effect of irrelevant scene clutter. Lavie’s
account seems to explain the continuous orient-
ing of attention in dynamic driving situations
such that selective attention is dependent on
the moment-to-moment loads from operating
the vehicle, interacting with in-vehicle devices
or passengers, and roadway environments. The
nature of our auditory messages was cognitively

and perhaps perceptually demanding (listening
to eight combinations of characteristics for each
restaurant and linking numerical information
to categorical information). A follow-up study
is being conducted to further examine the rela-
tionship between type of information load from
an in-vehicle secondary task and drivers’ resis-
tance to irrelevant distractors.

In summary, our study extended the lead
vehicle following task with Posner’s cue-target
paradigm to precisely examine how exogenous
and endogenous cues influence drivers’ attention.
The results indicate that irrelevant exogenous-
driven stimuli and the level of cognitive load
combined to influence the endogenous and
exogenous orienting of attention in driving.
Although irrelevant visual stimuli on the road
and auditory messages are both distracting in
nature, they have differential effects on drivers—
interacting with in-vehicle devices can delay
drivers’ responses to roadway events, and the
presence of visually attractive objects and cog-
nitive load both shorten drivers’ fixations to
driving-related objects. When irrelevant visual
stimuli and auditory messages are present,
elevated cognitive load can suppress the dis-
traction from objects outside the vehicle that are
irrelevant to current driving.

In conclusion, the modified Posner’s para-
digm provides the foundation for connecting
theoretical construct to an applied, practical
task, and Lavie’s account takes into consider-
ation the interactive, less predictable nature of
sustained operations in which control of atten-
tion is influenced by processing load and pres-
ence of to-be-ignored distractors.
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