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ABSTRACT
Objective: The objective of this study was to investigate if a verbal task can improve alertness
and if performance changes are associated with changes in alertness as measured by EEG.
Background: Previous research showed that a secondary task can improve performance on a
short, monotonous drive. The current work extends this by examining longer, fatiguing drives.
The study also uses EEG to confirm that improved driving performance is concurrent with
improved driver alertness. Method: A ninety minute, monotonous simulator drive was used to
place drivers in a fatigued state. Four secondary tasks were used: No Verbal Task, Continuous
Verbal Task, Late Verbal Task and a passive Radio Task. Results: When engaged in a secondary
verbal task at the end of the drive, drivers showed improved lane keeping performance and had
improvements in neurophysiological measures of alertness. Conclusion: A strategically timed
concurrent task can improve performance even for fatiguing drives. Application: Secondary-
task countermeasures may prove useful for enhancing driving performance across a range of

driving conditions.
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Introduction

Fatigue in a driving context manifests itself as drowsiness, a disinclination to keep
driving, or in some cases falling asleep behind the wheel (Brown, 1994). The National Highway
Transportation Safety Administration (NHTSA; 2011) reported an annual average of 83,000
fatigue related crashes per year from 2005 to 2009. Fatigue can be divided into two components:
physiological fatigue and psychological fatigue. The former results from circadian influences or
sleep deprivation, and the latter can occur under monotonous driving conditions even when
drivers are rested (Thiffault & Bergeron, 2003). Moreover, psychological fatigue often precedes
physiological fatigue, resulting in performance decrements due to decreased alertness (Warm,
Parasuraman, & Matthews, 2008). Psychological fatigue is insidious as drivers are aware of their
psychological state (Nordbakke & Sagberg, 2007) yet still continue with their journey. Drivers
often employ self-initiated passive countermeasures such as playing music or winding down the
windows in an attempt to decrease fatigue (Gershon, Shinar, Oron-Gilad, Parmet, & Ronen,
2011). However, Horne and Reyner (1998) report that the effects of these methods are often
short-lived. Stopping to take a break or a nap is the best option to decrease the effects of fatigue
(Driskell & Mullen, 2005; Nguyen, Jauregui, & Dinges, 1998).

A number of countermeasures to combat fatigue and loss of alertness have been
examined. Alertness is defined here as driver awareness of their performance, such as lane
keeping and awareness of their immediate environment, such as signs and other objects.
Examples of countermeasures include visual search and auditory memory tasks (Engstrom,
Johansson, & Ostlund, 2005), mental orienting puzzles (Liang & Lee, 2009), foreign language
learning (Takayama & Nass, 2008), or games (Oron-Gilad, Ronen, & Shinar, 2008; Verwey, &

Zaidel, 1999). These tasks are cognitively complex, requiring memory, spatial, or linguistic
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operations to perform. Though they have been shown to be effective at improving driver
alertness, the question remains what the minimum conditions are for countermeasures to improve
alertness. Even fairly simple tasks may improve driver alertness. For example, drivers making
periodic verbal reports of odometer readings during a seven hour drive exhibited better
performance than non-engaged drivers (Drory, 1985).

Drivers may feel a cell-phone conversation is a good countermeasure candidate. Oron-
Gilad & Shinar (2000) report military truck drivers list engaging in a cell-phone conversation
useful in countering the effects of fatigue. Gershon et al. (2011) noted that conversations with a
passenger were a preferred method to maintain alertness among non-commercial drivers. Yet the
driving safety literature reports an increase in crash risk because of distraction from using the
cell phone. Decreased visual attention, poorer vehicular control, slower reaction times are among
some of the decrements in driving performance when distracted (Atchley & Dressel, 2004;
Rakauskas, Gugerty, & Ward, 2004; Strayer & Drews, 2007) leading to a fourfold increase in
crash risk while talking on the phone while driving, even hands-free (McEvoy et al., 2005;
Redelmeier & Tibshirani, 1997).

This study builds on previous work examining the use of low-demand, interactive, verbal
tasks to improve driver alertness, to a longer drive where loss of alertness is more pronounced.
A second goal is to confirm behavioral effects with physiological measures. In a previous study
(Atchley& Chan, 2011), we reported that introducing a verbal task at the end a short monotonous
drive improved performance. Engaging in the verbal task the entire drive did not result in a
performance sparing, suggesting the task must be strategically timed. As opposed to tasks
described previously (Engstrom, Johansson, & Ostlund, 2005; Liang & Lee, 2009; Oron-Gilad,

Ronen, & Shinar, 2008; Takayama & Nass, 2008; Verwey, & Zaidel, 1999), this task demanded
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very little working memory, suggesting that a task of minimal complexity can improve driver
alertness. The drive was designed to induce monotony rather than fatigue the drivers, so it was
relatively short in duration (around 25 minutes) (Desmond, Hancock, & Monette, 1998; Lal &
Craig, 2002). It is unclear if the verbal countermeasure will work for longer, fatigue inducing,
drives which are more typical for motor carrier operators, military operations, or long-distance
recreational drives. Second, improved performance was measured primarily by lateral vehicle
control. While maintaining a stable lane position is certainly important for safe driving, one
must infer that lane keeping indicates increased alertness.

There are neurophysiological signatures of alertness that might provide more direct
evidence that a verbal task improves driving by improving alertness. An increase in task demand
can result in increased alertness as measured by psychophysiological measures such as EEG
(Brookhuis & De Waard, 1993; Oron-Gilad, Ronen, & Shinar, 2008) and heart rate variability
(Gershon, Ronen, Oron-Gilad, & Shinar, 2009; Mehler, Reimer, Coughlin, & Dusek, 2009).
Brookhuis and De Waard (1993) investigated driver alertness levels by measuring changes in
beta, alpha and theta activity. They found that alertness declined over the duration of a task and
was accompanied by a decline in driver performance. Oron-Gilad, Ronen, & Shinar (2008) found
that introducing a trivia game improved performance and alertness as measured by EEG.
Gershon, et al. (2009) showed that improved lane keeping was accompanied by reductions in
heart-rate variability for the same type of task. In the current work, we will use a similar method
to validate the earlier results.

We hypothesize that an interactive verbal task (a task that requires listening and
responding verbally) will improve driving performance when it is strategically timed for the

period of greatest fatigue, rather than performed continuously throughout the drive. Further,
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there will be a convergence of behavioral and electrophysiological (EEG) data suggesting the

interactive secondary task improves driver alertness. These results would establish that an

interactive verbal task can improve safety and that behavioral measures previously shown to be

measures of driver performance are useful even when drivers are engaging in secondary tasks.
METHOD

Participant (Drivers)

Sixty-nine undergraduates from the university’s research pool participated for course
credit. Drivers were randomly assigned into one of four groups: No Verbal Task, Late Verbal
Task, Continuous Verbal Task, and Radio Show, with ten drivers per group. The final dataset
had 25 males and 15 females (M = 19.4 years, SD = 1.17). Drivers had an average of 4.3 years
of driving experience (SD = 1.41). The data for the remaining 29 participants were excluded due

to excessive movement artifacts and equipment failure.

Materials and apparatus

Driving simulator. The driving scenario was designed using STISIM Drive (Systems
Technology Inc. Hawthorne, CA) simulator software (Version 2.08.02). A fixed-base cockpit
with force-feedback steering and pedals was used. The vehicle was set on automatic
transmission. Drivers viewed the scenario on a single 20 inch LCD display, giving a 45° field of
view. A Fresnel lens was used to improve the sensation of depth.

Scenario. The roadway was four-lane rural highway separated by a median. Lane width
was 3.66 meters and visibility was set at 457.2 meters under clear conditions. The roadway was
generally flat and monotonous with minimal traffic. To allow overtaking, traffic in the driver’s

lane travelled slower than the driver. The roadway was designed to mimic under-stimulating
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driving conditions that most drivers encounter on rural highways (Thiffault & Bergeron, 2003).
The road was straight and flat, with one curve per block. Drivers passed 4 cars on average per
block. Total driving distance was 178.200 km which included a 0.600 km start-up distance to
allow drivers to attain the minimum speed of 112.65 km/h. An auditory warning sounded if
driving speed exceeded 125.53 km/h. Data collection began at the 0.600 km mark and ended at
the 177.600 km mark. Data was divided into 9 blocks of 19.733 km.

Braking events occurred in the first, fourth, seventh and ninth block of the drive to ensure
attentiveness. A large stop sign would suddenly appear and occlude the driving scene requiring
the driver to respond as quickly as possible by bringing the car to a complete stop. Billboards of
popular North American fast food restaurants were presented on the right shoulder in each
driving block. This served as a memory test and additional evidence of concurrent task costs
during the drive (Strayer & Drews, 2007). Drivers were not informed about the memory task.

Concurrent verbal task. The verbal task was designed to capture the listening and
production aspects of a conversation with minimal memory load. This task was based on
previous work (Atchley & Dressel, 2004). Word-game type tasks may produce larger effects on
concurrent attention tasks than actual conversations due to the inability of participants to de-
prioritize the task in the same way they can do with actual conversations. Kunar, Carter, Cohen,
& Horowitz (2008) found that a word-game (form a new word using the last letter of a target
word) led to slower RTs on a multiple-object tracking task than a conversation (see Atchley,
Jones, Burson, & Marshall, 2011, for additional discussion). The current work simplified this
task by using a word-association task. Seventy-one prerecorded English words with positive
valence and low arousal, spoken by a male native-speaker of English, were chosen from the

ANEW wordlist (Bradley & Lang, 1999). The words (randomly selected without replacement
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until list completion) were presented to the right ear of the driver. Drivers were informed the task
was to free associate a one-word response to the stimulus and that there were no incorrect
responses. The software automatically continued with the next word after 4 seconds. Late Verbal
Task drivers engaged in the verbal task only in the last block. Continuous Verbal Task drivers
engaged in the verbal task continuously in the first block, and two minutes in subsequent blocks.
The onset of the verbal task in the subsequent blocks was randomized. No Verbal Task drivers
had no secondary task. Radio Show drivers listened to episodes of “This American Life” for the
duration of the drive.

Electrophysiological recording. EEG activity was continuously sampled at SO0Hz using
a BioPac MP150 amplifier from electrodes placed on T4 and P4 with the ground electrode
placed on the right mastoid in accordance to the international 10-20 system (Jasper, 1958). A
high band-pass filter was used to remove excessive noise and manual inspection of the data was
used to remove blinks and other noise spikes.
Procedure

EEG recording electrodes were applied after consent procedures. Drivers completed a
demographic datasheet and the Dundee Stress State Questionnaire (DSSQ) (Warm, Matthews, &
Finomore, 2008). Drivers turned off their cell phones and removed watches. After EEG
baseline recording (a reference for manual artifact removal/participant removal due to excessive
artifacts) in which participants rested in their seat with eyes open (one minute) and closed (one
minute), drivers practiced driving for five minutes. The experimenter informed drivers to
maintain their speed between 112.65 km/h and 120.70 km/h and to drive in the right lane unless
overtaking another vehicle. Drivers were equipped with the hands-free device, practiced the

verbal task for one minute and were informed that they might do a verbal task. The experimenter
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sat behind the driver for the duration of the drive to ensure active participation. There was no
verbal interaction between driver and experimenter during the experiment. Upon completion of
the drive, drivers completed the second half of the DSSQ and were given two minutes to freely
recall the billboards that they saw while driving. The drive lasted approximately 90 minutes, and
was conducted in a darkened room with no ambient light.

Performance and alertness

SDLP. Consistent with the previous study (Atchley& Chan, 2011), we measured
standard deviation of lane position (SDLP). Drivers exhibit poorer SDLP with increased time on
task due to reduced alertness and attention to the driving task (Atchley & Chan, 2011; Desmond
& Matthews, 1997). Greater SDLP values are also associated with increased collision risks
(Ranney, Harbluk, & Noy, 2005). As we will note in the discussion, there are alternative
explanations for the interaction of SDLP and alertness.

Engagement index (E/I). Alertness was measured using a combination of EEG alpha,
beta and theta power spectral bands. The formula alpha+theta/beta yields the “engagement
index” (E/I). Decreases in E/I values suggest increased alertness (Berka, et al., 2007; Pope,
Bogart, & Bartolome, 1995; Prinzel, Freeman, Scerbo, Mikulka, & Pope, 2000).

DSSQ. For the DSSQ, the factor of “Task engagement” was measured. The factors
“Distress” and “Worry” were not investigated. Task engagement is influenced by energetic
arousal and motivation (Matthews et al., 2010). Task engagement decreases as energy levels and
motivation decline.

Attention and memory. Drivers encode less information from the environment as
alertness declines. In the current study, drivers had to recall the billboards that they saw during

the drive similar to the method of Strayer & Drews (2007).
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RESULTS

The comparison of interest is how alertness changes before and after the introduction of
the countermeasure task. Countermeasure drivers (late verbal task) were compared to drivers
engaging in the task the entire drive, doing nothing, or engaging in a passive task. Late verbal
task drivers and continuous verbal task drivers were performing the same task on the last block.
Analyses were conducted between groups on a combination of the first and second time blocks
to establish a baseline for each group. To investigate changes in alertness, analyses were
conducted on the eighth and ninth time blocks (late) when the late verbal task was introduced
both across groups on block nine and across time (between blocks eight and nine) for each
group. Analysis were conducted using a 2 (Time) x 4 (Task) mixed factorial ANOVA unless
otherwise stated. Holm-Bonferroni corrections were applied to multiple comparisons.
SDLP

Instances where drivers were overtaking another vehicle or where drivers drifted outside
the lane were excluded from the analysis. Data for baseline SDLP are presented in Figure 1.
There was a significant difference in lateral control between verbal task groups, F(3, 36) = 2.95,
p=.046,1’ »=.197. Post-hoc analysis (Tukey’s HSD) indicated Continuous Verbal Task drivers
exhibited lower lateral control (mean = 0.39 meters) than No Verbal Task drivers (mean = 0.46
meters; p =.031). No other comparisons were significant (all p’s > .05).

For performance across the last two blocks, there was a significant main effect of time,
F(1,36)=21.70, p < .001, n2p= .376, and verbal task, F(3, 36) =3.83, p =.018, n2p= 242.
There was a significant Time x Verbal Task interaction, F(3, 36) =47.13, p <.001, 112,, =.797.

Paired sample t-tests between time block eight and nine revealed a significant decrease in lateral
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control behaviors only for Late Verbal Task (from a mean of 0.51 to 0.38 meters) drivers, #9) =
10.87, p <.001, d = 2.60. No other groups exhibited significant changes (all p’s > .05).

There was no difference between verbal task groups at time block eight (all p’s > .05).
Analysis at time block nine indicated that Late Verbal Task drivers (mean = 0.38 meters) were
better than No Verbal Task (mean = 0.55 meters), #18) =- 6.39, p <.001, d = - 3.091,
Continuous Verbal (mean = 0.49 meters), #(18) =-3.39, p=.016, d=-1.571, and Radio Show
(mean = 0.46 meters), #(18) = - 2.80, p =.039, d = - 1.33, drivers. In addition, Radio Show
drivers exhibited better lateral control than No Verbal Task drivers, #(18) =-2.89, p =.039, d = -
1.39. No other comparisons were significant (all p’s > .05).

Engagement index (E/I)

Data for baseline engagement index are presented in Figure 2. Note that smaller values
indicate improved alertness. The axis is reversed in Figure 2 so that increased alertness is shown
by an increase in value in the figure. There was no main effect of verbal task, F(3, 36) =1.33, p
=.280, n2p= .100, nor was there a interaction, F(3, 36) = 1.26, p = .30, n2p= .095.

For performance across the last two blocks, there was a significant main effect of Time,
F(1,36)=9.31, p=.004, nzp =.205, and a significant Time x Verbal Task interaction, F(3, 36) =
7.02, p <.001, n2p= .369. There was no main effect of verbal task, F(3, 36)=1.17, p = .334, nzp
=.089. The interaction was investigated testing the effect of time on each level of verbal task,
and the effect of verbal load at each level of time. Paired sample t-tests found drivers in the Late
Verbal Task group showed improved E/I values, #9) =4.23, p =.002, d = 1.49, between time
blocks eight and nine (decreasing from 4.25 to 3.24). No other groups showed a significant

change in E/I values (all p’s > .05).
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Analysis at time block nine revealed better E/I values for drivers in the Late Verbal Task
(mean = 3.24) than Radio Show drivers (mean = 4.59), #(18) =-3.14, p = .034, d = - 1.44. No
other comparisons were significant (all p’s > .05).
DSSQ

The task engagement (TE) factor of the DSSQ was analyzed using a 2 (time: pre and
post) x 4 (verbal task) mixed factorial ANOVA. There was a main effect of time, F(1, 36) =
216.93, p <.001, nzp = .858. There was a significant Time x Verbal Task interaction, F(3, 36) =
3.79, p = .018, n2p= .240. There was no main effect of verbal task, F(3, 36) =0.45, p=.719, nzp
=.036. The interaction was investigated testing the effect of time on each level of verbal task,
and the effect of verbal load at each time block. Paired sample t-tests between pre and post task
TE scores revealed a significant decline in task engagement for all task types (all p’s <.001) (see
Table 1). Analysis of task engagement scores pre and post task did not reveal significant
difference between task types (all p’s > .05).
Billboard recall

One-way ANOVA found a significant difference between tasks, F(3, 36) =5.94, p =
002, »=.331. Post-hoc analysis with Tukey’s HSD adjustments indicated that drivers in the
Continuous Verbal task recalled fewer billboards (M = 34.3 %, SD = 22.5), than drivers in the
No Verbal (M = 64.3 %, SD = 12.1, p = .005) and Late Verbal (M = 64.3 %, SD =20.5,p =
.005) task groups. Drivers in the Radio Show task did not differ from the other tasks (all p’s >
.05) (see Table 2).

Discussion
The results replicate earlier work (Atchley & Chan, 2011) and show that engaging in a

verbal task does improve performance, even when a driver is fatigued following a long drive
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(around 80 to 90 minutes in the current study). All drivers reported feeling less engaged by the
end of the drive. However, drivers in the late verbal task group exhibited improved lane
keeping, compared to the other groups, including drivers who had been talking the entire trip.
This boost in driving performance was mirrored by improved EEG signatures that indicate
alertness. Taken together, the current data support the notion that an interactive verbal task
improves driving performance by increasing driver alertness. The verbal task produced more
gains than the passive secondary task. The data are consistent with previously cited work
showing that secondary tasks can improve alertness and performance, and extend the finding to
show that even relatively simple verbal exchanges that are low in memory load or context, can
serve as countermeasures. Technological interventions to improve driver alertness need not be
overly demanding of the driver, as long as they are interactive. Additional work to establish the
absolute minimum conditions and sustainability of these effects is needed.

The data do not suggest, that conversing via a cellular phone is always beneficial. In the
current study, one of the groups drove the entire trip while engaging in a verbal task. This group
did experience relatively better lane keeping at the start of the study, but there was no concurrent
difference in the engagement index for this group in the early blocks. Consistent with the recent
work of Cooper, Medeiros-Ward and Strayer (in press), the verbal task may have moved
attention away from steering processes and a tendency of drivers new to the simulator to
overcorrect for novel steering dynamics. The distraction of the verbal task may have made
drivers less aware of small changes in lane position, producing fewer overcorrections, and more
stable driving performance. But drivers in the continuous verbal task group saw no improvement
in performance or alertness in later blocks, even though they were performing the verbal task.

Further, this group was distracted, as measured by their ability to attend to and recall roadside
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billboards. This group experienced a 30% reduction in amount of information recalled following
the drive. While failure to recall billboards does not represent a safety risk in itself,
inattentiveness does lead to increased risk.

Two issues in the current work should be highlighted for further consideration. The first
is the nature of the verbal task and what it means for development of countermeasures to
promote alertness. The current task was designed to require the driver to listen and produce a
verbal response using limited working memory resources. However, it was not a conversation.
Unlike a conversation, the prompts continued even in the absence of driver responses. The
results suggest that even a simple form of listening and responding can produce alertness gains.
However, one issue that remains to be resolved are the precise parameters that produce this
effect. In fact, one criticism of the field generally is that not enough has been done to understand
the conversation-side of the issue, or standardize methodological practice regarding verbal
secondary tasks. The task used here, with a limited set of prompts and a free-association
response option, produces reliable effects. More work needs to be done to determine the
underlying mechanisms by which verbal tasks produce effects.

The second issue is lateral control as a measure of alertness. Lateral control is commonly
used as a measure of alertness in studies using driving simulation, particularly on straight road
simulations (Oron-Gilad & Ronen, 2007). As alertness declines, lateral control also declines.
Here the decline was associated with declining alertness measured by EEG. Improved lateral
control late in the drive for the late verbal task group was also associated with a change in EEG.
However, the continuous verbal task group, also showed better lateral control at the start of the
drive, compared to other groups. The finding that lateral control improves with the addition of a

secondary task in the absence of monotony-related declines has been found elsewhere (see, for
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example, Engstrom, Johansson, & Ostlund, 2005; Liang & Lee, 2010). This effect is not limited
to driving simulation. Stoffregen, Pagulayan, Bardy, & Hettinger (2000) report finding a similar
effect of a secondary task on postural stability. Becic et al. (2010) suggest that the stability of
lateral control may relfect the relatively insensitivity of the driver to updating visual
information, rather than improved performance. Cooper, Medeiros-Ward and Strayer (in press)
reach a similar conclusion and dissociate the effect from changes in gaze.

There are reasons to believe the current data do reflect changes in alertness. The first is
the concomitant change in alertness as measured by EEG. The second is analysis of braking data
for a subset of the current participants, presented in a previous work (Deboeck et al., 2011).
Momentary derivative estimates of lateral velocity in addition to more traditional lateral control
measures to estimate driver performance found a close correspondence between momentary
estimates of lateral velocity and more gross changes in vehicle lateral control. Most importantly,
both talking (late in the drive) and unexpected braking events during the drive produced
reductions in small steering corrections that increase with drive time. In other words, the
conversation produced the same effect on vehicle control as a sudden braking event, the latter
which one would assume would alert a fatigued driver.

Given these data and the EEG data, improvement in SDLP at the end of the drive most
likely reflects improved performance due to increased alertness. However, it is possible that
early differences in SDLP for the continuous verbal task group reflect some other process.
Shomstein, & Yantis (2004) demonstrated decreased visual cortical activity during a
conversation suggesting the verbal task might decrease sensitivity to the optic flow signals that
would drive motion perception. This would also be with data showing restricted eye-movements

with a concurrent task (Engstrom, Johansson, & Ostlund, 2005; Recarte, & Nunes, 2000). Or,
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response output bottlenecks may limit the number of corrections a driver can engage in while
simultaneously performing a verbal task. Clearly the interaction between commonly used
measures of driver performance and secondary tasks needs to be examined more systematically.

The current data indicate both benefits and costs for performing a secondary task while
driving. The benefits of re-alerting of drivers with the secondary task and the costs occur when a
secondary task loses its novelty due to over-performance and the task interferes with attention.
To understand how secondary tasks aid performance, we need to understand how a secondary
task interacts with sustained attention. It is less than clear how secondary tasks interact with
declines in sustained attention over time because of multiple views of what causes such declines.
One view of sustained attention suggests that performance decrements are due to the under-
stimulating nature of the primary task (Cerezuela et al., 2004; Manly, et al., 1999; Robertson, et
al., 1997; Wertheim, 1978). Reduced cerebral blood flow to cortical and subcortical regions with
increasing time-on-task has been suggested to indicate that under-stimulation reduces resources
necessary for peak performance (Foucher, Otzenberger, & Gounot, 2004; Paus, et al., 1997).
Additional stimulation may increase the metabolic resources needed, consistent with the data of
the late verbal task group in the current study. However, a recent set of studies suggests that
some sustained attention tasks are mentally taxing (Grier, et al., 2003; Helton, et al., 2005;
Helton & Warm, 2008; Warm, Matthews & Finomore, 2008). Performance depends on the
availability of metabolic and cognitive resources, and as the amount of resources decreases, so
does the level of performance. The addition of a secondary task requiring additional resources
may result in an accelerated decline in performance. Further work is needed to disambiguate
these possibilities.

Conclusion
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Strategic secondary task performance has the effect of increasing alertness as measured
by EEG, and improving driving performance, as measured by lane keeping. Performance
improvement occurs in conditions of monotony (Atchley & Chan, 2011) as well as under
conditions designed to cause fatigue. Sustained dual-tasking does not lead to the same
improvement and also appears to incur costs. What we do not know is if this effect spans the
range of conditions that cause losses in alertness. Further work must be conducted to establish if
tasks that lead to alertness declines due to resource depletion can also benefit from strategic

multi-tasking, or if under these circumstances, another task just makes things worse.
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KEY POINTS
. An interactive verbal task when fatigued can improve driving performance.
. The verbal task improves driver alertness as measured by EEG.
. Continuously talking eliminates the benefit and incurs performance costs.

. Lateral control measures need further review as metrics of driver alertness.
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Table 1

Pre and post task mean (SD) DSSQ engagement scores.

Pre-task Post-task
Task
No Verbal 85.00 (11.18) 45.90 (17.52)
Late Verbal 76.10 (7.21) 52.00 (9.84)
Continuous Verbal 77.00 (11.66) 50.20 (15.01)

Radio Show 80.00 (9.07) 57.20 (13.23)
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Table 2

Mean (SD) proportion of billboards recalled for each verbal task condition.

Task Billboard Recall (%)
No Verbal 64.3 (12.1)
Late Verbal 64.3 (20.5)
Continuous Verbal 34.3 (22.5)

Radio Show 48.6 (18.1)
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Figure 1. SDLP (standard deviation of lane position in meters) across all experimental blocks for
the four secondary task conditions (no verbal task, late verbal task, continuous verbal task and

radio show).

Figure 2. Engagement index (axis reversed to illustrate decrease in values indicate an increase in
engagement) across all experimental blocks for the four secondary task conditions (no verbal

task, late verbal task, continuous verbal task and radio show).



