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bstract

Many studies have documented the performance decrements associated with driver distractions; however, few have examined drivers’ awareness
f these distraction effects. The current study measured how well-calibrated drivers are with respect to performance decrements from distracting
asks. In this test track study, 40 younger and older drivers completed a series of tasks on a hand-held or hands-free cell phone while driving around
course in an instrumented vehicle. Subjective estimates of performance decrements were compared to actual performance decrements. Although

heir driving performance suffered in dual-task conditions, drivers were generally not well-calibrated to the magnitude of the distraction effects

r = −.38 to .16). In some cases, estimates of distraction were opposite of the observed effects (i.e., smaller estimates of distraction corresponded
o larger performance deficits). Errors in calibration were unassociated with several measures of overconfidence in safety and skill, among other
ariables. We discuss the implications of these findings for potential mitigation strategies for distracted driving.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

Over the past several years, there have been numerous studies
ocumenting the effects of engaging in cell phone conversations
r other distracting tasks while driving. In general, these stud-
es have shown that distracted drivers have slowed responses to
ritical traffic events or to discrete stimuli and are more likely to
iss external events such as a changing traffic light, among other

ffects (Alm and Nilsson, 1994; Hancock et al., 2003; McKnight
nd McKnight, 1993; Strayer and Johnston, 2001).

To date, much of the focus has been on the presence and
agnitude of performance decrements for different types of in-

ehicle tasks or device configurations. These efforts may help in
egislative initiatives and design recommendations. For exam-
le, many states have enacted or proposed legislation to ban
ertain in-vehicle devices such as hand-held cellular phones
Sundeen, 2005). Most legislative bans target hand-held cell

hones; however, many studies have shown that hands-free cell
hone conversations are just as distracting (e.g., Horrey and
ickens, 2006; Strayer and Johnston, 2001). As such, restricting
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older drivers

he use of hand-held cell phones may not be a sufficient counter-
easure for distracted drivers. Drivers are also subject to many

ifferent forms of distraction from in-vehicle devices, including
obile “text messaging”—an activity that is likely far more dis-

racting than cell phone conversations. To date, there have been
elatively few legislative movements specific to these devices (or
ctivities; Washington, U.S. is one state that has recently passed
egislation to ban text messaging).

Given these issues associated with outright bans, alternate
eans of mitigating driver distraction may be warranted. Unfor-

unately, in contrast to studies on the magnitude of distraction
ffects, the examination of potential driver-based strategies for
educing distraction has lagged. These approaches may bene-
t from an understanding of how a driver perceives distraction
s it relates to their actual performance. Perception or aware-
ess of distraction effects may influence drivers’ decisions or
heir willingness to engage in distracting activities while on the
oad. For example, drivers that are not calibrated with respect
o the magnitude of distraction effects may engage in activities
ecause they do not realize their performance is compromised.

ut another way, drivers may be overconfident in their ability to
rive while distracted. In a recent survey, Wogalter and Mayhorn
2005) found that cell phone users tended to be more optimistic
bout their ability to deal with distractions than they were about

mailto:william.horrey@libertymutual.com
dx.doi.org/10.1016/j.aap.2007.09.004
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(Barickman and Stoltzfus, 1999). Several cameras were posi-
tioned to record various interior and exterior viewpoints. A flip
down 17 cm LCD touch screen (by Xenarc), mounted in the inte-
rior roof console, and a hand-held numeric keypad allowed the
76 W.J. Horrey et al. / Accident Analy

ther drivers’ abilities. Pöysti et al. (2005) found that younger
rivers, males drivers, and those that rated themselves as more
kilful were more likely (and willing) to use a cell phone in
raffic.

In an earlier study, Lesch and Hancock (2004) found that a pri-
ri ratings of confidence in dealing with distracting tasks were
ot related to actual performance while distracted. Moreover,
hey did not find any relationship between subjective ratings of
erformance and task demands and actual performance, sug-
esting that some drivers may not be aware of performance
ecrements while distracted. In the Lesch and Hancock (2004)
tudy, younger and older drivers performed a memory and recall
est while navigating an instrumented vehicle around a closed
est track (see also Hancock et al., 2003). During some trials,
rivers were distracted by a visual prompt that occurred in con-
unction with a changing traffic light. Measures of stopping
erformance were assessed and compared against confidence
atings. Overall, there was little association between perfor-
ance and confidence in female drivers; however, the disparities
ere greatest for older females. The degree to which drivers

re calibrated to distraction effects of non-visual distractions
emains unknown. As noted above, many studies have demon-
trated that cognitive engagement (e.g., conversation) leads to
erformance loss in the driving task (e.g., Alm and Nilsson,
994; Strayer and Johnston, 2001).

Finally, understanding how drivers perceive or misperceive
istraction may also help inform the application of advanced
n-vehicle automation aimed at mitigating distraction (e.g.,
onmez et al., 2007). It is likely that the gap between drivers’

stimates of distraction effects and their actual performance
ould play an important role in determining the degree of user

rust, reliance and compliance with such systems (Parasuraman
nd Riley, 1997; Lee and Moray, 1994; Lee and See, 2004).

.1. Current study

In the current study, we wished to establish how well-
alibrated drivers are with respect to distraction effects—that
s, whether drivers’ estimates of the magnitude of distraction
eflect actual performance decrements on several driving tasks.

e expand on the results from Lesch and Hancock (2004) using
distraction task which did not require visual processing. Fur-

hermore, we were interested in whether subjective estimates of
istraction and actual distraction varied as a function of phone
ype (hand-held, hands-free). Younger and older drivers in this
tudy drove an instrumented van on a closed test track while per-
orming a continuous mental arithmetic task on a hand-held or
ands-free cell phone. Subjective measures of distraction effects
ere recorded and compared to actual performance on multiple
easures of driving performance.

. Methods
.1. Drivers

Forty drivers, divided into two age groups, were recruited
or this study through advertisements in local newspapers. The

F
d

d Prevention 40 (2008) 675–682

ounger driver group consisted of 20 drivers between the ages
f 18 and 34 (M = 21.8 years, S.D. = 4.3). The older driver group
onsisted of 20 drivers between the ages of 55 and 82 (M = 64.1
ears, S.D. = 7.7). Males and females were balanced across the
wo age groups. The mean number of years driving experience
as 5.5 for the younger drivers and 45.7 for the older drivers.
n average, younger drivers drove 14,200 miles (22,850 km)
er year while older drivers drove 15,800 miles (25,430 km)
nnually. All had normal or corrected-to-normal visual acuity.
rivers were paid US$ 20 for each hour of participation and
ere given a US$ 20 bonus as incentive for good performance
n the secondary tasks.

.2. Materials

The experimental protocol was implemented on a 0.8 km (0.5
ile) closed-loop test track. The two-lane track was delineated to

llow for continuous driving. A signalized intersection, located
t the end of a straightaway, was controlled through track-based
nfrared sensors and vehicle-based GPS and speed information
ransmitted via wireless (DSS) modem.

Pace clocks were used for a longitudinal (speed) control task.
ive pace clocks were positioned at various points around the

rack. These 0.5 m diameter clocks were mounted on 1.8 m tow-
rs and placed immediately to the left of the drivers’ lane (see
ig. 1). The bottom half of the clock was green and the top half
as red. The arrow hand moved around the clock at a constant

ate and completed the full rotation every 12 s, on average (rang-
ng from 10 to 14 s, between clocks). The task instructions are
escribed below.

The instrumented vehicle was a 2002 Ford Windstar minivan,
utfitted with several sensors and computers. A PC computer
ack, mounted directly behind the driver, controlled and coor-
inated various aspects of the data acquisition and stimulus
resentation. Vehicle data were collected at 30 Hz from mul-
iple sources, including the vehicle’s front electronic module
FEM), roof-mounted GPS (by Garmin), tri-axial accelerom-
ter (by Crossbow Technologies), and lane tracking cameras
ig. 1. Pace clocks and instrumented van. Nearest clock currently indicates that
river is permitted to pass.
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xperimenter to control the computers from the front passenger
eat. An extra brake pedal was also installed on the passen-
er side. Auditory stimuli for the phone tasks were presented
ia handheld phone (Avaya 3626) or through speakers mounted
ehind the driver (Sony SRS-T100PC).

.3. Procedure

At the start of the 2 h session, drivers completed an informed
onsent form. Color vision and visual acuity were tested using a
itmus Vision Tester (Titmus Optical Inc., Chester, VA). Drivers

hen completed a brief demographic questionnaire and several
cales. In addition to basic demographic information, drivers
ere asked to rate their confidence in dealing with distractions
hile driving. Drivers also compared themselves to the average
S driver on a number of items pertaining to skill and safety

based on Horswill et al., 2004).
After completing the questionnaires, drivers were introduced

o the safety features of the instrumented van and given several
inutes of practice to familiarize themselves with the handling

f the vehicle, the various driving tasks, and the track layout. For
ll conditions, drivers were free to select their speed; however,
hey were instructed not to exceed 48 kph (30 mph). Drivers were
urther instructed to keep the vehicle positioned in the center of
he lane as they navigated the course. For the pace clock (speed
ontrol) task, drivers were told to adjust their speed during the
pproach to a clock, either by accelerating or braking, in order
o pass the clock when the arrow indicator was in the green
ortion of the clock. In other words, they were to avoid passing
he clock when the arrow was in the red portion. Drivers were
urther instructed to avoid bringing the vehicle to a full stop and
o avoid exceeding a speed of 48 kph (30 mph) for this task. The
raffic light at the signalized intersection changed from green
o red on a random subset of trials (37.5%). For these trials,
rivers were instructed to bring the vehicle to a complete stop
s quickly as they could and to try to stop before they reached
stop line marked by two traffic cones. There was no yellow

equence in the light change in order to discourage drivers from
rying to run the light. The timing of the light change, controlled
hrough GPS, track sensors and vehicle speed, varied between
.5 and 5.5 s before the intersection. Thus, drivers had to respond
n a timely manner and brake firmly (with a deceleration of
pproximately 0.33 g at 40 kph), but they were not required to
e overly aggressive in their response (i.e., locking the brakes
r skidding).

During the experimental blocks, drivers were asked to per-
orm a concurrent phone task—a variation of the Paced Auditory
erial Addition Task (PASAT; Gronwall, 1977). Similar arith-
etic tasks have been used in previous studies on driver

istraction (e.g., Brookhuis et al., 1991; Patten et al., 2004).
umbers between 1 and 9 were randomly presented every
s, either through the hand-held phone or through the vehicle

peakers (hands-free). The task involved adding two consecu-

ive numbers and responding verbally. That is, participants were
equired to call out the sum of the current number and the num-
er they heard previously. To encourage task completion, drivers
ere told they would receive a small bonus for each correct
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esponse (5 cents per, up to US$ 20 over the course of the study).
ll drivers received the full bonus at the end of the experiment,

egardless of performance.
Drivers completed three blocks of 8 laps, each lasting approx-

mately 15 min. In two blocks, drivers performed the PASAT
once using the hand-held phone, once using the hands-free sys-
em). In the other block, drivers performed the driving tasks
lone, with no PASAT. Drivers also completed a 3 min base-
ine block for the PASAT. This block was performed while the
ehicle was parked. Drivers were offered a short rest break in
etween each block. The order of blocks was counterbalanced
cross driver. There were also two additional blocks (1 driving
nd 1 non-driving baseline) that are not related to the current
iscussion or design.

This experiment employed a 3 × 2 × 2 mixed design, with the
ithin-subject variable of Task condition (Baseline, Hand-held

ASAT, Hands-free PASAT) and the between-subject variables
f Age (young, older) and Gender. Throughout the blocks,
easures of lane keeping, pace clock accuracy, and stop light

esponse time and errors were recorded. In between blocks,
rivers completed a modified NASA TLX (Hart and Staveland,
988) that was expanded to include subjective ratings of per-
ormance for all of the relevant driving sub-tasks (lane keeping,
ace clocks, stopping task) and for the PASAT.

. Results

There was a small degree of data loss due to occasional
quipment or computer failures—a loss that is reflected in the
ifferences in degrees of freedom across the various analyses.
n general, data from no more than one driver were missing for a
iven group across the different measures and conditions. Anal-
ses were conducted with listwise deletion of cases with missing
ata. An alpha level of .05 was used for all statistical tests.

.1. Performance decrements

Prior to examining drivers’ calibration of distraction effects,
e established the presence of dual-task costs associated with the

ell phone tasks (i.e., manipulation check). Driving performance
as assessed through multiple dependent measures, including
ariability in lane keeping, accuracy on the pace clock task,
rake response time to the changing traffic light, and stop light
rrors (described below). In general, we used a mixed ANOVA
ith the variables of Task, Age and Gender (using SPSS Version
1.0.1; see Table 1). Across the various measures, there were no
ffects of age or gender, or any significant interactions. Mean
ata are shown in Table 2.

Measures of lane position were sampled at 30 Hz along three
traight sections of the track (totaling approximately 345 m per
ap). We used a simple moving average to smooth the data
with a window of 30 samples, equivalent to one second of
ata). The cumulative samples for each block were used to

alculate the variability in lane keeping. The mixed ANOVA
evealed a main effect for Task (Table 1), with increased vari-
bility in the hand-held and hands-free task conditions relative to
aseline (t(37) = 2.7, p = .01; t(38) = 4.0, p < .001; respectively).
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Table 1
ANOVA results for various dependent measures related to driving performance

Source Brake response time Pace clock accuracy Variability in lane keepinga

d.f. MSE F d.f. MSE F d.f. MSE F

Between-subjects
Age (A) 1,30 0.08 1.5 1,34 296.1 2.4 1,33 1.6E-04 0.3
Gender (G) 1,30 0.03 0.5 1,34 0.7 0.01 1,33 3.2E-04 0.6
A × G 1,30 0.06 1.2 1,34 7.1 0.06 1,33 3.4E-06 0.01

Within-subjects
Task (T) 2,60 0.06 5.8** 2,68 1261.2 27.1** 2,66 7.9E-04 8.5**

T × A 2,60 0.005 0.5 2,68 10.5 0.2 2,66 1.9E-04 2.0

n, Y′ =
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T × G 2,60 0.001 0.1 2,68
T × A × G 2,60 <0.001 0.04 2,68

a Prior to analysis, variability data was transformed using a log transformatio

he difference between the two phone types was not statisti-
ally significant (t(36) = 1.6, p = .13). These data are shown in
able 2.

Accuracy in the pace clock task was determined by the per-
entage of correct clock events per block (out of 45). Correct
vents were scored when the driver passed the clock when the
rrow was in the green portion. Passing the clock in the red por-
ion, exceeding the speed limit during the approach to a clock
ower, and coming to a full stop were considered errors on this
ask (as per the task instructions). As shown in Tables 1 and 2,
here was a significant main effect for Task, with drivers mak-
ng more pace clock errors in the hand-held and hands-free
onditions compared to baseline driving (t(37) = 6.7, p < .001;
(40) = 6.7, p < .001, respectively). There was a slight advantage
or the hands-free over the hand-held phone, however this differ-
nce did not reach conventional levels of statistical significance
t(37) = 1.7, p = .09).

For the stopping task, brake response time (RT) was mea-
ured from the onset of the light change until a braking response
as detected. As for lane keeping and pace clock accuracy,

here was a significant main effect for task condition (Table 1),
ith slowed response times relative to baseline conditions for

he hand-held (t(34) = 3.7, p = .001) and hands-free conditions
t(38) = 3.3, p = .002; see Table 2). There were no significant
ifferences between the two phone types (t(34) = .08, p = .41).

Stop light errors included failures to comply with the light
i.e., running the red light), failures to stop before the stop line,

nd instances where the driver stopped, then proceeded through
he intersection before the light returned to green. Failure to
top before the stop line was the predominant error type (over
0% of the observed errors). The proportion of stopping errors

able 2
riving performance as a function of task condition

ask condition Brake
response time
(s)

Pace clock
accuracy
(%)

Variability in
lane keepinga

(m)

Stop light
errors
(%)

aseline 0.88 (0.02) 82.2 (1.2) 0.20 (0.01) 26 (6)
and-held 0.96 (0.03) 71.1 (1.6) 0.22 (0.01) 48 (6)
ands-free 0.94 (0.03) 73.9 (1.2) 0.23 (0.01) 48 (5)

a To ease comprehension, these values reflect the raw variability data (vs.
og-transformed data). Standard errors appear in parentheses.
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69.9 1.5 2,66 1.9E-04 2.0
5.3 0.1 2,66 1.8E-07 0.002

log10(Y + 1), to increase normality (based on Kirk, 1982). *p < .05. **p < .01.

ielded data that were not normally distributed, so we used
ilcoxon signed ranks t-tests to examine differences across

he task conditions. Compared to the baseline driving condi-
ion, there were more stop light errors in both the hand-held
Z(37) = 3.4, p = .001) and hands-free conditions (Z(39) = 3.6,
< .001). Again, there were no differences between the two
hone conditions (Z(37) = 0.1, p = .93).

Therefore, across all measures of driving performance
e observed decrements due to distraction. In general, and

s reported elsewhere, there were no differences between
and-held and hands-free cell phones across our performance
easures (Strayer and Johnston, 2001; Horrey and Wickens,

006). Furthermore, there were no effects of age or gender, or
ny significant interactions.

.2. Subjective ratings

We also analyzed the raw estimates of performance on the
arious driving tasks measured at the end of each block. Subjec-
ive performance ratings were entered in a mixed ANOVA for
ge, Gender and Task, shown in Table 3. Across all the driving

asks, there were no significant main effects for Age and Gender,
r any significant interactions. However, there was a significant
ain effect of Task on the subjective performance ratings for

he stopping, pace clock, and lane keeping tasks.
As shown in Table 4, performance in the driving baseline was

ated more favorably than in either distraction condition. That
s, performance in the hand-held and hands-free was generally
ated lower than single-task driving blocks (pairwise compar-
sons against baseline, p < .05). These data suggest that, overall,
rivers do consider the distracting effects of in-vehicle activi-
ies in their performance estimates. Ratings across phone type
ere equitable on all measures except for the stopping task,
here performance with the hand-held phone was rated as more

uccessful than the hands-free condition (t(36) = 2.2, p < .05).
ote that there were no observed differences between these two

onditions based on the performance data described above.
Although the overall aggregate ratings reflected degraded per-
ormance across the different task conditions, what is of greater
nterest is whether an individual driver’s assessment of dis-
raction reflects their actual performance on a given task. We
xamine this issue in the following section.
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Table 3
ANOVA results for the subjective performance ratings for the various driving tasks

Source Stopping task Pace clock task Lane keeping task

d.f. MSE F d.f. MSE F d.f. MSE F

Between-subjects
Age (A) 1,33 1301.5 1.1 1,33 50.2 0.06 1,33 153.6 0.2
Gender (G) 1,33 674.0 0.6 1,33 384.9 0.4 1,33 135.9 0.1
A × G 1,33 1548.5 1.3 1,33 209.9 0.2 1,33 44.9 0.05

Within-subjects
Task (T) 2,66 1438.0 19.2** 2,66 2271.8 16.3** 2,66 938 7.5**

T × A 2,66 46.3 0.6 2,66 69.3 0.5 2,66 63.3 0.5

N
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T × G 2,66 184.6 2.5 2,66
T × A × G 2,66 95.7 1.3 2,66

ote: *p < .05; **p < .01.

.3. Calibration to distraction effects

To examine the calibration of drivers with respect to the
istraction effects, we first calculated estimated and actual dis-
raction effects from the subjective performance ratings and from
bserved performance along the various measures of driving per-
ormance. Subjective estimates of distraction were expressed as
% difference between the self-rated performance on a given

ask (e.g., lane keeping) in the driving baseline block and self-
ated performance in the distraction block. We used the baseline
ondition as a reference point in order to control for any system-
tic biases in ratings. Likewise, actual distraction effects were
xpressed as a % difference in performance on a given task from
he baseline block to the dual-task block. Thus, negative values
enoted an actual or estimated loss in performance for the dis-
raction condition relative to baseline, whereas a positive value
ndicated a gain in actual or estimated performance.

Next, we examined the relationship between subjective esti-
ates of distraction effects and actual distraction effects. If

rivers are well-calibrated, we would expect a positive corre-
ation between the estimated and actual distraction effects. That
s, larger estimations of distraction effects would correspond to
arger observed performance decrements. However, if drivers are
ot well-calibrated to the magnitude of distraction effects, then
here would be no such relationship or a negative relationship

ay exist.
The results from a correlational analysis are shown in Table 5.

verall, there were no significant relationships between esti-
ates of distraction effects and actual performance decrements,
ending support to the notion that drivers were not well-
alibrated to the distracting effects of a concurrent in-vehicle
ask. There was one significant relationship for stopping errors

able 4
ubjective performance ratings (%) as a function of task condition

ondition Stopping task Pace clock task Lane keeping task

aseline 78.6 (3.5) 65.0 (3.6) 70.6 (3.6)
and-held 71.2 (3.9) 51.8 (3.1) 64.5 (3.5)
ands-free 66.2 (3.0) 51.0 (3.0) 60.5 (2.7)

ote: Standard errors appear in parentheses.
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22.3 0.2 2,66 153.3 1.2
29.3 0.2 2,66 4.9 0.04

n the hands-free condition. Importantly, however, this rela-
ionship is in the negative direction, again underlying poor
alibration. That is, drivers that estimated the smallest perfor-
ance decrements were actually exhibiting the largest ones! An

xamination of the 95% confidence intervals around the correla-
ions in Table 5 suggests that, in general, the poor calibration of
rivers to the effects of distraction were consistent across phone
ype and dependent measure (Note: although there were no dif-
erences in calibration across measure, there may have been
ifferences in resolution—the degree to which drivers can dis-
inguish between correct and incorrect judgments (see Murphy,
973)—given differences in the available feedback).

A breakdown of these relationships by driver group revealed
ome interesting findings. For example, older male drivers were
ctually well-calibrated to the magnitude of distraction effects
or the stopping task. In contrast, younger males showed some
ignificant associations in the opposite direction. That is, young
ale drivers that thought they were doing better were actu-

lly doing worse than others. In general, female drivers did
ot exhibit any significant relationships between estimated and
ctual performance loss (as shown by Lesch and Hancock,
004).

.4. Under-estimators and over-estimators

Given the trends for drivers not to be well-calibrated with
espect to the distraction effects, we conducted an exploratory
nalysis to determine whether individuals who tended to under-
stimate the effects of distraction differed on a number of
easures from individuals who overestimated the effects of

istraction. Underestimating the impact of distraction on perfor-
ance could have dire consequences in the traffic setting. For

his analysis, we calculated a difference score by subtracting
he actual distraction effects (in %) from the estimated distrac-
ion effects (see Lichtenstein and Fischhoff, 1977; Baranski and
etrusic, 1994, 1995). The score was averaged across phone type
nd dependent measure in order to simplify the interpretation of

he subsequent analysis and to identify those individuals who
xhibited a general tendency towards over- or under-estimation.
ndividuals who scored less than −5% were included in the
nder-estimator group (N = 15) – the magnitude of actual dis-
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Table 6
Results of the forward stepwise logistic regression

Variables B S.E. Wald p

Constant 1.3 0.70 3.4 .07
(1) Distractibility −0.05 0.02 4.0 .05

Excluded variables Score p
Age 1.1 .30
Gender 1.7 .19
(2) Safety 2.4 .12
(3) Skill 0.001 .97
(4) Ability to Cope 0.3 .60
(5) Confidence 1.8 .18
(6) Hand-held Safety 0.1 .73
(7) Hands-free safety 1.1 .30
(8) Hand-held Ease 0.1 .72
(9) Hands-free Ease 0.01 .91

Note: All responses were made along a continuous scale. (1) “How distractible
are you when driving?”, (2) “How safe are you?”, (3) “How skillful are you?”,
(4) “How good are you at dealing with distraction while driving?”, (5) “How
confident are you in dealing with distracting tasks while driving?”, (6 and 7)
“
(
d
d

t
w
g
l
d
t
v
f

i
t
g
a
p
p
m
p
p
r
T
u
j

b
f
m
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t
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c
s

How safe is using a [hand-held/hands-free] cellular phone while driving?”,
8 and 9) “How easy is using a [hand-held/hands-free] cellular phone while
riving?” For Questions 1–4, drivers compared themselves to the average U.S.
river.

raction effects were greater than their estimates. Individuals
ho scored more than +5% were assigned to the over-estimator
roup (N = 16) – the magnitude of the distraction effects were
ess than what was estimated. As noted above, the latter is more
esirable given the safety implications for failing to appreciate
he consequences of distraction. We did not include those indi-
iduals whose difference score fell within 5% of zero (N = 9),
ocusing rather on the more extreme over- and under-estimators.

Next, we examined whether there were group differences
n driving performance and subjective ratings in the distrac-
ion conditions. Independent samples t-tests did not reveal any
roup differences in braking RT (t(29) = 0.7, p = .50), pace clock
ccuracy (t(29) = 0.2, p = .83), and stop light errors (t(29) = 0.3,
= .80), indicating that over- and under-estimators had equitable
erformance on the current driving tasks. However, there were
arginally significant differences in the subjective ratings of

erformance on the stopping and pace clock tasks (t(29) = 2.0,
= .06; t(29) = 2.0, p = .06, respectively), with under-estimators

ating their own performance as higher than over-estimators.
his pattern of results suggests that differences between the
nder- and over-estimators are, in fact, due to differences in
udgments and not a result of differences in performance.

We then examined whether over- or under-estimators could
e predicted from a number of questionnaire items collected
rom participants, using a forward stepwise logistic regression
odel. Age, gender, and driver responses to a number of ques-

ions pertaining to distraction and driving were included as
redictor variables (using a p < .05 threshold).

As shown in Table 6, only one variable was entered into
he model: drivers’ self reported assessment of distractibility.

rivers who tended to underestimate the effects of distraction

lso rated themselves as more prone to distraction while driving,
ompared to the average US driver. Interestingly, measures of
elf-confidence in dealing with distraction (confidence in dealing
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ith distraction; ability to cope with distracting tasks) and driv-
ng skill and safety were not significant predictors of under- and
ver-estimators, nor were initial ratings of the safety and ease
f use of hand-held and hands-free cell phones (see Table 6).
hus, the drivers that underestimated the distraction effects did
ot appear to be more overconfident than over-estimators based
n a priori estimates of confidence and skills. Furthermore, age
nd gender were not significant predictors.

. Discussion

The main goal of this study was to examine the extent to
hich drivers were calibrated to the effects of distraction on
riving performance. Previous work has reliably demonstrated
he adverse impact of concurrent in-vehicle tasks on driving per-
ormance, typically showing slowed response times or missed
raffic events in the presence of a distracting task (e.g., Alm and
ilsson, 1994; Hancock et al., 2003; Horrey and Wickens, 2006;
cKnight and McKnight, 1993; Strayer and Johnston, 2001).
owever, few have examined the extent to which drivers are

ware of these decrements. Understanding drivers’ perception
nd awareness of distraction effects may help inform driver-
ased or technology-based interventions aimed at mitigating
istraction by helping drivers better manage the engagement
nd disengagement of in-vehicle activities. In contrast, legisla-
ive approaches tend to rely more on the presence and magnitude
f a given form of distraction with the aim of eliminating the
ource of distraction altogether (e.g., hand-held cell phones in
ome areas). Lesch and Hancock (2004) suggest that drivers may
ot, in fact, be very cognizant of distraction effects. The current
ork sought to expand on this earlier study using a cognitive

ask and multiple phone configurations.
In the current study, younger and older drivers were asked to

omplete a hand-held or hands-free cell phone task while navi-
ating a closed test-track in an instrumented vehicle. Compared
o baseline driving, we observed dual-task decrements on all

easures of driving performance, replicating previous results
Alm and Nilsson, 1994; McKnight and McKnight, 1993).

hile normal aging is often associated with degraded perfor-
ance on many psychomotor tasks, such as response time (e.g.,
althouse, 1996); we did not observe any age-related effects in

he current study—an outcome that could be related to the fact
hat our age groups included a wide range of ages (i.e., had a
igher degree of heterogeneity leading to decreased statistical
ower associated with an age effect). It is possible that the adults
n our sample were healthier and more active than average. Fur-
hermore, studies have shown that older adults, in some cases,
re able to offset age-related declines through increased driving
xperience and improved skills (Kramer et al., 2007).

To examine drivers’ calibration to distraction effects, we com-
ared drivers’ subjective estimates of distraction with actual
istraction effects, based on performance decrements along
number of measures of driving performance. The results
rom our study suggest that, for the most part, drivers are not
ell-calibrated to the distracting effects of a hand-held or hands-

ree cell phone conversation, although, the omnibus ANOVAs
evealed that drivers rated their performance while distracted as

e
F
t
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eing poorer than without distraction. That being said, across
ll measures of performance, subjective estimates of distraction
ffects (derived from ratings of performance across distraction
nd baseline blocks) were not related to the actual magnitude of
istraction (based on observed performance decrements). And,
n some cases, the subjective measure of distraction was in the
pposite direction of the actual distraction effect. That is, drivers
hat estimated the smallest (or no) distraction effects exhibited
he largest ones. In general, a disconnect between performance
nd awareness was consistent across driving measure and phone
ype.

Analysis of the driver groups, though limited by a small sam-
le size, showed some differences. For female drivers, there were
o significant relationships across all measures and phone types
Lesch and Hancock, 2004); however, there were some mixed
esults for males. For example, on some measures young and
lder males revealed a nearly equal, but opposite, relationship
etween estimated and actual distraction effects. Younger males
ere poorly calibrated, with the worst performers rating them-

elves as exhibiting the smallest decrements. In contrast, older
ales were fairly well-calibrated to the distraction effects. It fol-

ows that younger male drivers may be an important group for
argeted remediation.

Given the safety implications for those individuals who
nderestimate the effects of distraction on their performance,
e conducted an exploratory analysis of these sub-groups. These

esults suggest that drivers who tend to overestimate distraction
ffects did not differ from those that underestimated the effects
f distraction on a number of measures related to confidence and
erceived skills. For example, there were no differences in self-
ated confidence in dealing with distracting tasks, their perceived
riving skills, and their perceptions of the challenge associ-
ted with cell phone use while driving. Thus, overconfidence
oes not appear to underscore errors in calibration to distraction
ffects—at least using the current metrics. Rather, the mecha-
ism for failures in calibration may be due to a lack of awareness
n performance or failure of perception, as opposed to more
eneral biases related to self-confidence. This may stem from
reduction in the available mental resources under dual-task

onditions that would normally be used in support of situation
wareness (Wickens, 2001).

.1. Implications

The willingness to engage in distracting activities may be
function of drivers’ perception of performance decrements.
rivers may engage in distracting activities simply because they
o not realize that their performance is degraded or they may
e overconfident in their skills and their ability to deal with
istractions while behind the wheel (Wogalter and Mayhorn,
005). The results from the current study and from previous
ork by Lesch and Hancock (2004) suggest that drivers may be
oorly calibrated to distraction effects.
Strategies for improving drivers’ calibration to distraction
ffects include both driver- and technology-based approaches.
or the former, training to recognize or attend more closely to

heir driving activities may help drivers’ determine when their
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erformance is below “baseline”. For example, Lichtenstein and
ischhoff (1980) found that intensive performance feedback
ould help improve calibration in people who were initially over-
onfident in their judgments (cf. Baranski and Petrusic, 1994).
ome technological innovations are intended to monitor driver
erformance and behaviors in real time and provide alerts when
he system infers that a distracting activity is inappropriate (e.g.,
onmez et al., 2007). Thus, these systems have some authority

n deciding when the distraction effects of in-vehicle activities
re too severe. However, discrepancies between the driver and
he system’s estimated level of distraction could create some
onflicts. For example, a driver’s mental model of the system
ay be violated if warnings are issued for events for which a

river does not believe to be problematic. The consequences
f such a mismatch could include system disuse deriving from
educed trust in the system (Lee and See, 2004; Lee and Moray,
994; Parasuraman and Riley, 1997) or worse (Sarter and Woods,
995). Providing the raw data underlying the system functions
ay be a key consideration (cf. Oskamp, 1965).
One question that remains is whether drivers would continue

o perform in-vehicle tasks if they were perfectly calibrated to
he distraction effects. In other words, the issue could become
ne of risk tolerance and the degree to which drivers are will-
ng to take on the additional risk of the in-vehicle task. We
lso do not know how well-calibrated drivers are for distract-
ng tasks that may be more practiced. For example, we used a

ental arithmetic task, which would be novel for our partici-
ants (versus a very familiar task). Finally, different in-vehicle
ask properties or characteristics may impact drivers’ calibra-
ion differentially. For example, Baranski and Petrusic (1994)
ound that confidence varied as a function of task difficulty, with
bservers showing overconfidence when then task was difficult
nd underconfidence when it was easy (see also Soll, 1996).
dentifying those factors that contribute to improved calibration
s an area for further examination.
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