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Talking reduces attention resulting in real-world crash risks to drivers that talk on a phone and 
drive.  Driving is a behavior that  is very demanding on spatial attention, suggesting potentially 
large  interference by spatial codes in language. The current study investigated how different 
types of verbal codes influence visual attention during dual-task performance.  In two 
experiments, participants performed a spatial or non-spatial verbal task while simultaneously 
performing a visual attention task.  The results showed a larger decrement to visual attention 
performance when participants were concurrently engaged in a spatial verbal task.  The results of 
the second experiment isolated this effect  to the right  cerebral hemisphere, consistent with a role 
for shared right parietal resources.  These results are consistent with the idea that processing 
codes are an important  component of coordinating talking and driving but  generally inconsistent 
with a broad class of bottleneck approaches that describes dual-task decrements but treats 
component tasks as cognitively equivalent.

Introduction
 Real-world implications of task-switching and 
dual-task performance are often mentioned in studies 
of those phenomena.  There is perhaps no more 
important  real-world application than the epidemic of 
crashes due to distracted driving.  In distracted 
driving, drivers attempting to perform two tasks 
simultaneously or to switch attention between talking 
on a phone (or texting) and driving fail to adequately 
attend to the roadway, often with disastrous results.  
Est imates by the U.S. National Highway 
Transportation Safety Administration indicate that 
this activity and distractions like it result in about 
one-half of a million crashes annually in the United 
S ta tes (Nat iona l Highway Traff ic Safe ty 
Administration, 2008).  Talking on a cell phone while 
driving leads to declines in the ability of a driver to 
attend to the road (Atchley & Dressel, 2004; Brown, 
Tickner, & Simmonds, 1969; Strayer & Drews, 2007; 
Strayer, Drews, & Johnston, 2003) to the extent that 

studies of the phone records of drivers who crash 
show that  talking on a phone (even hands-free) 
increases accident  risk about  four times (McEvoy, 
Stevenson, & Woodward, 2006; Redelmeier & 
Tibshirabi; 1997), or about  the same as driving while 
intoxicated.  There is evidence that  an alarmingly 
high number of younger drivers, at  least in the United 
States of America, drive while distracted, with almost 
100% reporting they regularly talk on the phone 
while driving (Nelson, Atchley, & Little, 2009) and 
over 95% reporting they text and drive (from 
initiating texts while moving to reading texts while at 
a stoplight) at least some of the time (Atchley, 
Atwood, & Boulton, 2011). These findings reflect 
national trends of increasing texting frequency in 
younger adults (Lenhart, Ling, Campbell, & Purcell, 
2010).  Understanding the mechanisms underlying 
the inability to coordinate driving and distracting 
tasks is imperative.
 We have known for quite a while that talking can 
cause deficits to visual attention (Kahneman, Beatty, 
& Pollack, 1967).  More recently, fMRI evidence has 
shown that concentrating on processing one modality 
in a visual-auditory task results in decrements in 
cerebral activity in areas that process the other 
modality (Mozolic, et al., 2008; Shomstein, & Yantis, 
2004). However, some work suggests that processing 
information from different sensory modalities should 
not interfere with one another.  For example, 
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Wickens’ (1980, 1984, 1991, 2002) multiple resource 
model suggests that visual and auditory streams of 
information should not  cause substantial interference 
with each other.  Similarly, Baddeley’s (1983, 1990) 
working memory model, in which there are separate 
components for visuospatial processing and verbal 
processing, would suggest  interference between 
talking and visual processing should be relatively 
small. Although some recent  dual-task work has 
shown that  there are some cases in which the 
simultaneous performance of tasks can be 
accomplished at the same time with minimal cost 
depending upon the level of practice or task 
instructions (Hazeltine, Teague, & Ivry, 2002; 
Schumacher, et  al., 2001) or the level of modularity 
of the tasks (Magen & Cohen, 2010), other laboratory 
evidence suggests a different  picture.   For example, 
Tellinghuisen and Nowak (2003) showed visual 
attention and language processing may suffer, even 
when demands occur within a limited temporal 
window.   They demonstrated a cross-modal 
attentional blink, in which an auditory initial target 
interferes with processing of a visual target appearing 
a fraction of a second later.  Further, even for tasks 
that can be shared without cost, the task context  can 
lead to imperfect  sharing (see Israel & Cohen in the 
current issue).
 One possible reason for the disconnect—that is, 
some laboratory studies show the potential for good 
visual-auditory/verbal coordination, while real world 
data as well as other laboratory data with driving 
simulation and conversing drivers show massive 
decrements to driving performance—is that 
laboratory tasks do not  always capture the attentional 
complexity and/or the cognitive demands of driving.  
Driving is a highly spatial task in many respects.  
Drivers must  maintain a high level spatial awareness 
to navigate toward their goal and low level spatial 
coordination to control their visual attention as they 
move their heads and eyes around their local 
environment  to avoid obstacles and maintain heading.  
Laboratory tasks may not capture these complex 
spatial tasks sufficiently well to show the level of 
interference that  occurs when driving and talking.  
One potential reason that conversations may interfere 
with driving may be due to incompatibilities between 
the codes underlying language and spatial visual 
attention.  A critical component of potential 
incompatibilities may be the nature of auditory-
verbal tasks.  
 The proposal examined in the current experiments 
is that  the type of information presented in the 
auditory-verbal task should influence the costs 
incurred to visual attention.  Specifically, if similar 
codes are required for the two tasks, costs should 
increase.  In our previous work using an attention 

task that is commonly used to screen older drivers for 
attention deficits that lead to increased crash risk 
(Atchley & Dressel, 2004), we found that  auditory-
verbal tasks can reduce attention in healthy younger 
drivers, despite the two tasks not  sharing the same 
modality.  We did not, however, consider the potential 
for direct  code interference.  Because the act of 
driving requires spatial orienting, attention might be 
most interfered with by conversations that  also 
contain spatial information, such as receiving or 
giving directions on a cellular phone while driving.  
For example, Kubose et  al. (2006) examined 
simulated driving performance when participants 
were required to listen to a spatial task involving 
campus landmarks.  They found that both speech 
production in response to this task and simply 
listening to the task for comprehension (and 
responding by pressing a button on the steering 
wheel) were detrimental to driving performance.  
Their findings indicate that  shared resources for 
processing spatial information, and not  resources 
required to produce speech, are critical for 
interference, consistent with the idea of shared codes.  
However, they did not compare spatial and non-
spatial auditory-verbal tasks, leaving a gap that the 
present  work attempts to fill.  Additionally, a broader 
theoretical implication for models of dual-task 
performance would be that  the attentional subsystems 
underlying performance in dual-task situations may 
be more or less separable depending upon the nature 
of the tasks themselves.
 In the current work we conducted two 
experiments to examine this spatial code interference 
hypothesis by using spatial attention tasks paired with 
spatial auditory-verbal tasks.  In the first  experiment, 
we compared spatial attention performance across 
additional spatial versus non-spatial auditory-vocal 
tasks with a method of measuring attention similar to 
Atchley and Dressel (2004).  To anticipate, spatial 
auditory-verbal tasks produced consistently poorer 
attention performance.  A second experiment  used a 
dichotic listening manipulation to provide converging 
evidence that the effect  is code specific.  As we will 
present, the results of the second experiment  are 
consistent with the hypothesis of selective 
interference for a shared code between auditory-
verbal information and visual attention and fit with 
our current understanding of the neurophysiological 
underpinnings of both systems.

Experiment 1
 Any auditory-verbal task must  require, at  a 
minimum, the participant  to listen and make a 
meaningful response, but to adequately assess how 
content influences attention, it  is necessary to control 
content and pace as much as possible.  The current 
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work employed a highly controlled auditory-verbal 
task in an attempt to make the auditory-verbal task 
load as stable as possible for the duration of 
assessment  of spatial attention (Atchley & Dressel, 
2004). In this task, participants listened to words and 
responded to some characteristic of the word.  
Atchley and Dressel established that  this auditory-
verbal task reduces spatial attention using the Useful 
Field of View (UFOV®) task.  The UFOV® task 
(described in more detail in the procedure) is an 
automated task that  is designed to assess reductions 
in attention that have been associated with increases 
in automotive crash risk (Ball & Owsley, 1991; Ball, 
Owsley, Sloane, Roenker, & Bruni, 1993; Ball, 
Owsley, Stalvey, Roenker, Sloane, & Graves, 1998; 
Owsley, Ball, McGwin, Sloane, Roenker, White, & 
Overley, 1998).  The purpose of the current 
experiment was to determine if a spatial auditory-
verbal task would produce a reduction in attention 
compared to an auditory-verbal task that did not use 
spatial codes.  More specifically, because attention 
requires that participants code spatial information 
(both because vision is fundamentally spatial in 
nature and because spatial information was required 
to perform the manual pointing response to the tasks), 
we predicted that  requiring verbal responses that  also 
require encoding spatial information would lead to 
the greatest dual-task cost.

Method
Participants
 Twenty undergraduates (age 17-22) from Victoria 
University of Wellington participated for course 
credit. The participants had normal or corrected-to-
normal vision and spoke English from early or late 
childhood. Two participants were excluded due to 
failure to meet a minimum level of accuracy in one or 
both of the dual-task association conditions.
Materials 
 Auditory-Verbal tasks.  The non-spatial auditory-
verbal task word list for the paired associate memory 
control condition (hereafter called the “control 
condition”) was as follows: cue words -  turquoise, 
sapphire, emerald, amber, diamond, amethyst, topaz, 
and ruby; response targets – “aqua,” “blue,” “green,” 
“orange,” “white,” “purple,” “yellow,” and “red.” The 
cue words were presented in a female voice.  The 
auditory-verbal task word list  for the spatial condition 
was as follows: cue words - up, upper right, right, 
lower right, down, lower left, left, and upper left;  
response targets were  “north,” “northeast,” “east,” 
“southeast,” “south,” “southwest,” “west,” and 
“northwest.”  The cue words for the control condition 
contained a total of 17 syllables, which was 
comparable to that  for the spatial cue words (16 total 

syllables), but  were of lower word frequency (M = 
5.95 per million words based on the SUBTLEX 
norms, Brysbaert  & Gent, 2009, obtained from the 
updated English Lexicon Project  database, Balota et 
al., 2007) than the words used in the spatial cues (M 
= 786.00 per million words). Based on written word 
frequency information, if anything, the lower 
frequency words of the control condition should be 
slightly harder to process and thus work opposite of 
the hypothesized effect.  Half of the response targets 
contained one syllable and half contained two 
syllables, which was also the same as the 
composition of the targets for the spatial target 
response. The mean word frequency for the control 
responses (which did not  include an entry “aqua,” M 
= 80.40 per million words) was higher than that  for 
the spatial responses (M = 31.55 per million words).  
This difference was driven primarily by lower 
frequencies for northeast, northwest, southeast, and 
southwest. Each of the components of these words 
(south, north, east  and west) occurred in three of the 
responses. Because the main directions were simply 
combined for the other four responses, one could 
argue that  there was potentially a lower memory load 
for the spatial task than that for the control task. 
 Visual tasks. A PC and a 15-inch monitor were 
used to present images.  Responses were made by 
clicking a mouse. The three visual tasks from the 
UFOV® software developed by Visual Awareness, 
Inc., IL, were used.  The first  visual task (labelled the 
“Task 1” in Figure 1) presents a fixation point, 
followed by a target  (car or truck icon).  The 
presentation of the target  is followed by a 1-s 
random-dot mask. The mask is followed by a 
response screen that displays both possible targets. 
Participants are required to make a discrimination 
judgment between the two possible targets by 
touching the target  of their choice on the computer 
screen. Participants are allowed as much time as 
needed to respond. Presentation times of the target 
vary from 16 ms – 500 ms, determined by an 
adaptive staircase procedure.  As the participant 
makes errors, the presentation time increases, while 
two correct responses lead to shorter presentation 
durations.  The program adjusts the presentation 
duration until a participant  achieves an accuracy of 
75%.  Lower presentation durations indicate greater 
attention to the task. 
 The second block of the task (labelled the “Task 
2” task in Figure 1) and third block of the task 
(labelled the “Task 3” task in Figure 1) increase task 
complexity by adding a secondary target  (a car) that 
is simultaneously presented in the periphery.  The 
secondary target  is at one of eight  radii (top, bottom, 
left, right, or diagonal positions) 12 degrees from the 
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center, either without (block two) or with triangle-
shaped distractors (block three). In block three, the 
distractors are presented at  all remaining possible 
target  locations, as well as at two distances (4 and 8 
deg) along the eight target  radii.  In blocks two and 
three, participants respond first with a discrimination 
judgment for the central target and then with a 
localization judgment  for the secondary target, by 
touching the secondary target location. 
Procedure
 Participants completed the UFOV® test  three 
times, one for each auditory-verbal task type (no 
auditory-verbal task, control auditory-verbal task, 
spatial auditory-verbal task).  Order was 
counterbalanced across participants.  In learning 
phases prior to each block with an auditory-verbal 
task, participants studied the eight  relevant  cue-target 
pairs until they felt  ready to recall the targets from 
memory in response to the cues. The learning 
procedure was reiterated until all targets were 
recalled on two successive recall attempts. 
Participants were told to respond to both auditory and 
visual stimuli as quickly and accurately as possible.  
No feedback was provided.   During a block of trials 
with a concurrent auditory-verbal task, participants 
would start the UFOV® task and shortly after making 
their first  responses to the task, they would hear a 
verbal prompt  from the female experimenter (for 

example “Up”) and they would respond to the prompt 
with the appropriate word (in this case “North”).  
Because of the nature of the commercial UFOV® 
product, there was no way to control for the 
presentation onset of the auditory-verbal task relative 
to the UFOV® trials.  To preview, the presentation 
onset was controlled in Experiment 2, but the results 
were unchanged.

Results and Discussion
Auditory-Verbal task performance
 Auditory-Verbal task error rates were below 5% 
with no differences in accuracy across the auditory-
verbal tasks, suggesting participants were careful to 
produce the correct responses.
Visual task performance
 Figure 1 presents the data for the different 
auditory-verbal tasks across the three UFOV® tasks.  
The data for the single task (no verbal task) condition 
is included for the sake of completeness. For the code 
hypothesis, the critical question was whether spatial 
words would produce longer duration times than the 
control auditory-verbal task.  The visual depiction of 
the data in Figure 1 shows the answer to be a firm 
“yes.” Statistical comparison of the presentation 
durations of the UFOV® between the spatial 
auditory-verbal task and control auditory-verbal task 
for the each of the three subtests revealed the 
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durations for the spatial auditory-verbal task were 
significantly longer than those for the control 
auditory-verbal task, t(17) =  2.66, 2.51, and 3.19, all 
p’s < .05, for the three tasks, respectively.
 The purpose of this experiment  was to examine 
the hypothesis that  the interference of an auditory-
verbal task on a measure of visual attention may 
extend beyond simple dual-task costs to include a 
special role for the type of auditory-verbal 
information being processed.  To this end, we 
examined  producing spatially related words to a 
spatial cue word compared to production of color 
associate, controlling for memory load by using a 
similar cue-target  set size.  The results of the 
experiment showed a disadvantage to visual attention 
when participants were asked to process spatial 
information by listening to spatial terms and 
producing related spatial responses verbally. We have 
also seen similar effects in the production of 
semantically related associates versus spatial words 
(Dressel & Atchley, 2005) using a similar paradigm, 
supporting the consistency of this effect.  These 
results indicate codes seem to matter.  Attention to 
multiple tasks is impacted by not just the modality of 
the tasks, but  by the underlying codes of the tasks 
themselves providing good support  for the shared 
code/code overlap hypothesis.
 Nevertheless, one could argue for alternative 
explanations. One potential issue is that, despite our 
efforts, there may have been general difficulty 
differences between the two auditory-verbal tasks.  
While analysis of the accuracy rates for the auditory-
verbal tasks showed that participants were very 
accurate and that  there were no significant 
differences between the auditory-verbal tasks, it 
remains possible that  the spatial task was simply 
more difficult  overall, and thus participants had to 
dedicate more resources to the task to maintain 
accuracy.  Another possibility is that participants may 
have been more likely to (or better able to) time their 
word output  responses to better maximize 
performance in the control condition than in the 
spatial condition.  These alternative explanations are 
not mutually exclusive with the code sharing 
hypothesis, but they could potentially account  for the 
effect in full, or at least in part. 

Experiment 2
 Our second experiment attempted to provide a 

stronger test of the code-sharing hypothesis and to 
rectify some of the issues incurred by using a 
commercial software package to measure attention.  
We employed a dichotic listening task to gain 
leverage on whether the effects were due to shared-
codes that are neurophysiologically specific or if the 

effects could best  be described by just  a general 
difficulty for processing spatial words. Dichotic 
listening has a long history as a technique used to 
demonstrate cerebral advantage for the processing of 
various types of auditory information, such as words 
(Kimura, 1961, 1967) or the processing of emotions 
embedded in words such as sarcasm (Voyer., Bowes, 
& Techentin, 2008) or prosody (Grimshaw, Séguin, & 
Godfrey, 2009). With a dichotic listening procedure, 
different  streams of information can be presented 
simultaneously on the different  channels (left  ear, 
right  ear), with the (attended) left-ear information 
first  being processed by the right hemisphere and the 
(attended) right-ear information first  being processed 
by the left hemisphere. 

 Evidence from studies of spatial neglect  
(Heilman & Van den Abell, 1979; Mesulam, 1981) 
and individuals with brain damage (Ravizza, 
Behrmann, & Fiez, 2005) indicates the involvement 
of the right parietal region for visual-spatial tasks or 
auditory-verbal working memory tasks that utilize 
spatial information.  One possibility for the current 
effects is that the sharing of codes between visual 
attention and auditory-verbal spatial information is 
specific to right  parietal areas.  If so, then we would 
predict that  visual attention should suffer most when 
spatial words are presented to the left  ear, and are 
thus processed first  by the right  hemisphere.  Also, if 
there is an asymmetrical effect  for spatial words 
across hemispheres, it  would indicate that  the effect 
of spatial words is not  simply due to their overall 
difficulty, per se, but instead due to a more specific 
mechanism, of which common shared codes would 
be an excellent  candidate. In addition to the inclusion 
of dichotic presentation, we developed a custom 
presentation procedure to control the timing of visual 
and auditory information, which allowed us to 
overcome the limitations of the UFOV® software. 

Method
Participants

Twelve undergraduates (age 17-22) from the 
University of Kansas participated for course credit. 
The participants had normal or corrected-to-normal 
vision and spoke English from early or late 
childhood. One participant  was excluded and 
replaced due to a computer failure.
Materials 

 The auditory-verbal lists were the same as 
those used in Experiment 1. The cue words were 
presented in a pre-recorded male voice.  The visual 
task was similar to the UFOV®, but was customized 
for the current experiment  using E-prime 
(Psychology Software Tools, Schneider, Eschman, & 
Zuccolotto, 2002).  The customized version contained 

ATCHLEY, et al.      5

https://www.researchgate.net/publication/246266281_Functional_Asymmetry_of_the_Brain_in_Dichotic_Listening?el=1_x_8&enrichId=rgreq-dd16c6b1-82b4-4a85-84bb-616d67b7bdcc&enrichSource=Y292ZXJQYWdlOzUxMjU0NzA5O0FTOjEwNDQwNTAwNTI0MjM4M0AxNDAxOTAzNTA0MzI4


a central target  discrimination task and a peripheral 
target  detection task, as in the previous experiment.  
The procedure allowed us to control the timing of 
presentation of auditory stimuli and visual stimuli 
and the performance with respect  to the second 
target, though the latter function is not  examined 
here.  The central target discrimination task consisted 
of choosing between an oval that  was oriented to the 
left  or right, using the left  or right  mouse buttons.  
The central task was designed to produce an average 
accuracy of 75% (based on pre-testing), to ensure 
participants fully attended to the task.  Average target 
discrimination accuracy during the actual experiment 
was 72.2%.  In the second part of the attention task, 
the target (a circle) could appear at  any of three 
eccentricities, unlike for the UFOV® task where it 
was restricted to the outermost  eccentricity, but the 
same eight  radii were used, producing twenty-four 
potential secondary target locations.  Each location, 
including the central target location, was marked with 
a square subtending 2 degrees of visual angle.  The 
center-to-center distances from the center of the 
display to the middle of each target eccentricity were 
3.8, 7.5, and 11.4 degrees.  Words were presented via 
headphones, with a color word and a spatial word 
presented on each trial, one to each ear.  A chin rest 
was used to maintain head position.  
Procedure

 There were four blocks of experimental trials 
(96 trials each with 4 trials per secondary target 
location) and one training block (20 trials) to 
familiarize participants with the task.  On each block 
of trials, participants heard a spatial word in one ear 
and a color word in the other ear.  On half of the trials 
they were told to respond to the word in the left ear. 
On the other half of the trials they responded to the 
word in the right  ear.  On half of the trials, the word 
they responded to was a spatial word and on the other 
half the word was a color word, thus producing four 
combinations of ear and word type, which was 
counterbalanced across participants.  The task was 
generally similar to Experiment  1, except for the 
programming change for the attention task.  A blank 
(warning) screen was displayed for 1000 ms.  An 
empty square (fixation) was presented for 500 ms and 
was followed by presentation of the word tokens to 
each ear (about 1000 ms).  The target display was 
then presented for 24 ms, which consisted of the 
central target  location and surrounding 24 secondary 
target  locations, along with the central target  and 
secondary target. The display was then replaced by a 
visual noise mask for 500 ms.  Participants were 
instructed to click the left  or right  mouse button to 
indicate the direction the central target  was “leaning” 
as quickly but as accurately as possible.  After the 
mask was presented, an empty target  display (no 

central or peripheral targets) was presented. 
Participants were free to make their verbal response 
at  this time or any time until the end of the trial.  
When participants made a response to the central 
target  identity, a target representative of their choice 
was placed in the central box and the mouse cursor 
appeared to indicate they were to move the mouse to 
select the secondary target location.  When they 
selected the secondary target  location, that box was 
highlighted to confirm their choice.  Participants 
were told to perform the secondary task as quickly 
but as accurately as possible.

Auditory-Verbal task. In learning phases prior to 
each auditory-verbal task, participants studied the 
eight relevant  cue-target pairs until they felt ready to 
recall the targets from memory in response to the 
cues. The learning procedure was reiterated until all 
targets were recalled on two successive recall 
attempts. Participants listened to words read by a 
single experimenter from a randomized list  of eight 
gemstones.  The order of cue words task was 
randomized.  The spatial task was identical to the 
spatial task in Experiment 1.

Results and Discussion
Auditory-Verbal task performance

 Auditory-Verbal error rates were examined as a 
function of attended ear.  Error rates for  the color 
words was generally very low (error rates less than 
8%) and did not differ as a function of ear.  Error 
rates for the spatial words showed a pattern 
consistent with the notion that  spatial auditory-verbal 
information is processed by the right hemisphere.  
The error rate for production of verbal responses to 
spatial words heard by the left ear (and thus 
processed first  by the right hemisphere) was 10.6% 
and did not  differ from the error rates of color words 
(t  < 1).  However, the error rate for spatial words 
heard in the right  ear (left hemisphere) was 24.8%, 
which differed from the left ear spatial word error 
rate significantly (t(11) = 12.97, p < .05).
Visual task performance

 The critical question for the purpose of this 
study was whether we would obtain evidence of an 
ear asymmetry for correct  centra l target 
discrimination RT that is a function of word type.  To 
this end, the data were analyzed with a 2 (ear) x 2 
(word type) Repeated Measures ANOVA.  Trials on 
which RTs in the central task were faster than 250 ms 
or slower than 2 seconds were excluded (4.7% of the 
trials).  As can be seen in Table 1, the overall RTs 
were slower for the spatial condition compared to the 
control condition. This finding converges with the 
results of Experiment  1, though with a different 
dependent variable.  A closer look at the results 
shows that this difference was obtained for both ears. 
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More importantly, the RT for the spatial condition 
clearly differed across ear channels, whereas the RT 
for the control condition changed little across ear 
channels. There was a main effect for word type, F(1, 
11) = 15.07, p < .05.  Participants took significantly 
longer to make the central target discrimination when 
the attended word was a spatial word (RT = 823 ms) 
instead of a color word (RT = 678 ms).  There was no 
main effect  for attended ear.  However, the interaction 
of ear and word type was significant, F(1,11) = 8.73, 
p < .05.  A post  hoc analysis showed that 
discrimination RT when the attended word was a 
spatial word was significantly slower when the word 
was heard in the left ear (RT = 866 ms) than the right 
ear (RT  = 779 ms), (t(11) = 3.05, p < .05).  There was 
no ear effect for color words.  The critical point  is 
that a general resources explanation cannot  account 
for the interaction.  The interaction indicates a 
specific influence for spatial information.  

 One additional question was whether the effect  
of the spatial auditory-verbal task might be due to a 
response code interference or crosstalk (Huestegge & 
Koch , 2009 ; Navon & Mi l l e r, 1987) o r 
incompatibilities occurring on a a trial-by-trial basis 
as a result of the presence of spatial words and spatial 
targets. It seems unlikely that response code 
interference could be completely absent  in the current 
paradigm given how robust it  seems to be across a 
variety of tasks.  In the current data, post hoc 
comparisons of RTs to spatial words presented to the 
right  ear (RT = 779 ms) were significantly higher 
than those for color associates presented in either the 
right  (RT  = 691 ms), (t(11) = 2.23, p < .05), or left ear 
(RT = 664 ms), (t(11) = 2.31, p < .05) indicating that 
directional words were generally more interfering.  
But, the fact that there was an additional cost for left 
ear presentation of the spatial words suggests the 
overall effect in these experiments must  also be due 
to some additional process other than response code 
interference. 

 Further, it  did not appear that  the results were 
due to trial-by-trial interference of direction words on 
the allocation of spatial attention (including possible 
eye-movements, see Huestegge in the current  issue 

for a review of the relationship between eye-
movements and dual-task interference).  The 
experiment contained conditions in which the spatial 
terms were consistent  with the spatial location of the 
secondary target, such as hearing “left” when a 
secondary target  subsequently appeared on the left 
side of the display or the opposite, and inconsistent 
trials. We took these trials and looked at RTs to the 
central target as a function of compatibility. The 
results of the analysis showed no difference between 
compatible and incompatible trials (t < 1.0), 
suggesting no effect  of compatibility on a trial-by-
trial basis.  These results indicate that  observers were 
able to avoid having the target words influence 
allocation of visual attention to a particular region in 
space. Since the spatial words did not predict the 
target  location, observers appeared able to ignore 
these as “cues” suggesting that  the issue of response 
compatibility on a trial-by-trial basis is worthy of 
additional work, but  was not the mechanism 
underlying the current effects.

General Discussion
 Some recent  dual-task work suggests that  

visual and verbal tasks can be coordinated well-
enough to reduce costs to performance, at least  given 
practice (Hazeltine, Teague, & Ivry, 2002), 
prioritization (Schumacher, et al., 2001) or the right 
modularization of tasks (Magen & Cohen, 2010). In 
contrast, real-world crash data (McEvoy, Stevenson, 
& Woodward, 2006; Redelmeier & Tibshirabi, 1997), 
and simulated driving performance (Strayer & 
Drews, 2007; Strayer, Drews, & Johnston, 2003) 
suggest  coordination of driving and talking involves 
significant costs to performance, resulting in 
increased crash risk.  These increases in crashes 
occur despite the fact  that  talking and driving are 
typically both highly practiced behaviors.  Again, one 
suggestion for the disconnect  between a small 
number of laboratory experiments and real-world 
performance besides the overall increase in cognitive 
demands driving entails versus typical laboratory 
paradigms is that  the highly spatial nature of driving 
may be particularly prone to interference by auditory-
verbal tasks.  When driving and talking share 
common codes or tap into similar neurophysiological 
regions, interference may be particularly large.  

 The present work tests the idea that the type of 
auditory-verbal task is an important consideration for 
examining the interference of auditory-verbal tasks 
on visual attention.  Data from two experiments show 
that performing a visual attention task is generally 
more difficult  while simultaneously performing a 
spatial auditory-verbal task.  The data also show that 
this situation is not  just due to the overall difficulty of 
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Table 1.  RT means (msec) for Experiment 2 for ear 
location by word type.  

Ear Color Direction Mean

Left

Right

Mean

664 866 765

691 779 735

677.5 822.5
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the spatial auditory-verbal task.  In the first 
experiment, verbal production was similarly accurate 
across both spatial and non-spatial auditory-verbal 
tasks.  In the second experiment, dichotic 
presentation of the spatial auditory-verbal task 
revealed that the spatial auditory-verbal task was 
more difficult  to process, but only when processed 
first  by the left hemisphere, which is less specialized 
for processing spatial verbal information. More 
importantly, dichotic listening revealed the size of the 
decrement  to visual attention increased when the 
words were first  processed by the right cerebral 
hemisphere, which contains regions that  have been 
previously shown to process spatial visual attention 
and spatial auditory-verbal information (Ravizza, 
Behrmann, & Fiez, 2005).  The asymmetry of dual-
task interference for spatial words was absent  for 
color words.  While one can still argue that spatial 
words are generally more difficult to process, a 
general difficulty explanation cannot account for the 
asymmetric effect.

 The current  results provide a unique insight 
into the theoretical question of how attention is 
shared between vision and language.  These data 
support  the idea that  some of the negative effects of 
auditory-verbal tasks on attention might be due, in 
part, to shared neurological resources that underlie 
processing spatial attention and auditory-verbal tasks 
that are spatial in nature.  Though the specific nature 
of this interaction remains to be defined with more 
precise neurophysiological techniques (see 
Schumacher, Schwarb, Lightman, & Hazeltine and 
Wylie, Sumowski, & Murray in the current issue for 
excellent  examples of this approach), the experiments 
presented here, when taken together, demonstrate that 
the concurrent  processing of certain types of 
language is detrimental to attention, and that  this 
effect  is neurophysiologically selective, with the 
greatest interference found when right  hemisphere 
resources are shared.

 General central bottleneck accounts have 
received support  from neurophysiological work 
(Dux, Ivanhoff, Asplund, & Marois, 2006) and may 
explain general effects in sharing attention between 
auditory/verbal and visual tasks (Kunar, et al., 2008) 
or between manual or vocal response and braking 
performance (Levy, Pashler & Johnson, 2006).  
However, the current results are generally 
inconsistent with ideas of content-agnostic 
bottlenecks (Pashler, 1994) including a recent 
proposal in the context  of talking and visual attention 
(Kunar, Carter, Cohen, & Horowitz, 2008).  The 
results are also discordant  with unitary resource 
models (e.g. Kahneman, 1973).  The issue concerns 
their inability to account  for the differential effects of 
the spatial and non-spatial auditory-visual tasks.  

These models would neither predict  that a spatial 
auditory-verbal task would produce greater 
interference than any other type of auditory-verbal 
task nor predict  that a hemispheric assymetry would 
occur.  These data are more consistent  with the idea 
of cross-modal attentional costs (see Spence & Reed, 
2003, for an overview) and in agreement  with with 
models that posit some role for code interference 
(e.g., Wickens, 1980), crosstalk between related tasks 
(Navon & Miller, 1987) or responses (Huestegge & 
Koch, 2010) or that postulate a more modular nature 
for the attentional system (Magen & Cohen, 2010) 
because the degree of interference of the auditory-
verbal task on visual attention was specific to the 
type of auditory-verbal task.  These data are also 
consistent with data in the current  issue showing that 
working memory is most  affected by tasks that would 
seem to share common codes, such as vocal-tone or 
manual-location pairings (see Hazeltine & Wifall in 
the current issue), that stimulus-response modality 
incompatibility increases dual-task costs (see Stelzel 
& Schubert  in the current issue) and that input-output 
modality compatibility effects are not  due to response 
code selection but  instead a more central processing 
effect (see Stephan & Koch in the current issue).

 In terms of the implications for the current  
work for the problem of talking and driving, there are 
a few issues to consider.  The first  is a 
methodological issue of the difference between an 
auditory-verbal task and a a true conversation that 
might  be experienced in a real vehicle.  This 
distinction has received little empirical work and yet 
has very important  ramifications.  The current 
auditory-verbal task is based on previous work 
(Atchley & Dressel, 2004;  Strayer & Johnson, 2001) 
though it is debatable whether or not such a task 
serves as an appropriate analog for conversation.  
Recent evidence (Kunar, Carter, Cohen, & Horowitz, 
2008) indicates the answer is somewhere in the 
middle.  In their work, they examined the impact  of 
auditory-verbal tasks on multiple object tracking 
(MOT; Pylyshyn & Storm, 1988), and they used three 
auditory-verbal tasks: a verbal shadowing task, an 
active conversation with the experimenter, or a verbal 
generation task.  The shadowing task did not affect 
MOT.  The conversation and the generation task 
produced equivalent  effects on accuracy, but the 
generation task produced slower overall responses on 
the MOT.  The shadowing task revealed that  simply 
listening and producing verbalizations is not the 
issue, but rather the content  of the task matters.  We 
argue that while real conversations are indeed more 
ecologically valid and can produce reliable dual-task 
effects, as a research tool they are a bit  of a blunt 
instrument in that participants are free to modulate a 
variety of parameters such as production speed or 
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complexity to compensate for dual-task demands.  
From a view where driving performance should be 
emphasized, it is somewhat  intuitive that  verbal 
production (Kubose, at al., 2006) and conversations 
(Drews, Pasupathi, & Strayer, 2008) change 
dramatically with driving demands.

 Another issue to consider is the generality of 
the effect  of a spatial-code system.  Work across a 
number of other studies provides converging 
evidence for the idea that  spatial codes exist  outside 
of spatial language and that  these codes can have 
important and sometimes surprising effects on 
attention and performance. For example, recent  work 
on postural stability, which is guided strongly by 
visual inputs, has shown that  postural stability 
improves as a visual dual-task becomes more difficult 
(Stoffregen, Pagulayan, Bardy, & Hettinger, 2000).  
This finding suggests that systems that  might  be 
considered as separable (postural control and visual 
attention) may share processing capacity at  some 
level. A role for shared spatial codes in the postural 
stability system was found by Woollacot and Vander 
Velde (2008) who showed the simultaneous coding of 
auditory spatial information (judgment of the relative 
location of two tones) actually increased postural 
sway relative to non-spatial auditory or visual tasks.  
In another example, work by Almor (2008) using a 
very different methodologies yielded results 
converging with the idea of shared spatial resources.  
He found that  across two very different tasks, target 
detection and pursuit  tracking, the interfering effect 
of speech was reduced when the speech source was 
located in a spatially similar location to the non-
verbal task.  Put differently, when there was a spatial 
mismatch between the speech source and the non-
verbal task, the non-verbal tasks became more 
difficult. One way to consider this effect is that  the 
participants code not only the tasks, but the spatial 
location of the tasks.  When they do not  share a 
common spatial location, this additional information 
must be represented, incurring a cost to performance. 
This result  nicely meshes with the present results 
because it  is consistent  with idea that some resource 
must be allocated to the spatial component of a task.

In the real world, more auditory-verbal input  to 
the driver is added to vehicles every year.  These 
inputs come in the form of warnings and alerts and 
the form of spatial information from navigation 
systems with auditory prompts.  The current  research 
suggests such these latter systems may sometimes 
produce selectively large attentional costs.  However, 
this suggestion must be weighed by alternatives to 
these technologies, such as the driver reading a map 
while moving, or the ambiguity of receiving 
directions from an untrained navigator in the 

passenger seat.  These results, the results of highly 
specific laboratory studies on dual-task interference 
and cross-modal action, and the nature of interference 
for real-world tasks suggest we should pursue 
relating the size and nature of these effects from lab 
to roadway. The current study represents a promising 
attempt to bridge this gap and suggests a promising 
role for understanding the effects of different types of 
codes that drivers process across a range of tasks.
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