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Research on word identification in binaural conditions usually examines audi-
tory abilities in simple, static environments. Research on attention usually 
examines cognitive abilities to divide and switch attention between multiple 
stimuli in more complex and dynamic scenes.  To investigate cognitive-audi-
tory interactions influencing age-related differences in listening in complex 
situations, we tested younger and older listeners’ abilities to identify target 
words in conditions where we manipulated the availability of interaural cues 
and expectations concerning the likelihood of the target being heard at a pri-
mary location. Interaural cues were manipulated by presenting the target and 
two competing sentences from different loudspeakers (real spatial separation) 
or from three perceived locations induced using the precedence effect (simu-
lated spatial separation). Prior to the presentation of a target, the listener was 
cued for the probability (1.0, 0.8, 0.6, 0.33) of it being presented at the primary 
location. Younger adults outperformed older adults and performance was bet-
ter when the target was presented at the expected location. Eliminating inter-
aural intensity cues had no effect when targets occurred at the expected loca-
tion, but performance was reduced when the targets were presented at less 
expected locations.  For both age groups, rich interaural cues enhance attention 
in dynamic listening environments.

INTRODUCTION
The majority of research exploring speech processing in humans has been conducted in  
listening environments that are primarily static in nature, whereby a target sound occurs  
at a location that is known and presented from a fixed point in space, accompanied with  
a masker that is presented from the same or a different (albeit unmoving) location. In  
everyday listening environments, however, listeners often face uncertainty over the 
location of target and masking sounds. Spatial ambiguity of this sort is frequently 
present in communication contexts in which there are multiple talkers who do not nec-
essarily speak in turn. Whereas most research on the cocktail party problem has exam-
ined listening environments with stable target locations, the current paper will focus 
on listening environments where listeners must decide to switch auditory spatial atten-
tional resources between multiple spatial locations. The present paper will review the 
role of attention in auditory processing with the goal of suggesting directions for future 
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research, followed by an account of recent findings from our laboratory that feature a 
number of these ideas.

Attention
As noted in his influential book Principles of Psychology, William James (1890) 
observed that:

“Everyone knows what attention is. It is the taking possession by the mind, in clear 
and vivid form, of one out of what seem several simultaneously possible objects or 
trains of thought.”

However, despite over 100 years of research on the topic, attention remains a core area 
of research in psychology, and more recently, a subject of increased interest within 
audiology. In a review on the role of cognition in auditory processing, Pichora-Fuller 
and Singh (2006) suggest that attention serves to modulate listening in most everyday 
listening tasks. Research has further differentiated between qualitatively different sub-
types of attention. Consider the following:

Kim is at a party trying to have a conversation with Julius, who earlier agreed to mon-
itor that music plays continuously over the stereo, but who is currently pouring him-
self a glass of wine. Joining them in conversation is Allan, who is also trying to make 
sure his young son Antun, does not stray too close to the hot oven. During the con-
versation, Kim hears the oven bell indicating her appetizers are close to being ready, 
Julius hears that one of the loudspeakers is softly crackling and tries to detect the faulty 
transducer by listening to each one (despite continually pouring his glass of wine), and 
Allan hears a voice to his left calling out “Antun”, which reminds him to listen for his 
son who is located to his right.

Not only does this example stress the complexity of listening in a common environ-
ment, but it also highlights many of the attentional processes that modulate listening in 
everyday listening situations. The role of selective attention, whereby a listener must 
selectively attend to and recognize a single talker among a mixture of background 
conversations and noises (Cherry, 1953)(i.e., the cocktail party problem; for reviews, 
see Bregman, 1990; Bronkhorst, 2000) is highlighted by Kim attempting to carry on 
a discussion with Julius and Allan. The features of sustained attention, or the ability 
to direct cognitive processing resources over an expended period of time, are under-
scored by Kim’s continual monitoring of the auditory scene for the oven bell (for a 
review, see Parasuraman, 1984). The role of divided attention and attention switch-
ing, or the ability to coordinate and/or possibly concurrently attend and process multi-
ple information streams simultaneously, is emphasized by Allan’s attempt to converse 
with Kim and Julius while simultaneously monitoring the location of Antun relative 
to that of the oven (for a review, see Styles, 2006). Finally, the role of auditory spatial 
attention is highlighted by Julius’ attempt to detect the crackling distortion by allocat-
ing his listening resources to the spatial location of one loudspeaker and then to the 
spatial location of the second loudspeaker.
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Auditory spatial attention
Auditory spatial attention is a top-down, cognitively mediated process whereby a lis-
tener decides to focus attention along a spatial vector to a target (Spence and Driver, 
1994). Evidence supporting the idea that the auditory system can exploit acoustic spa-
tial expectations comes from Mondor and Zatorre (1995) who found that advanced 
target location information resulted in faster response times for valid than invalid cues 
and that a gradient model best describes auditory spatial attention whereby perform-
ance declines with increasing distance from the spatial centre. 

Factors influencing attention
Researchers have identified several factors that affect the successful execution of tasks 
that require more complex attentional processing such as divided attention and atten-
tion switching. First, evidence from studies examining dual-task interference suggests 
there is an inverse relationship between performance and task similarity (for a review, 
see Pashler, 1993). Interestingly, a similar pattern of findings is observed in research 
on informational masking that examines the influence of target-masker similarity. Typ-
ically, such studies have listeners provide word discrimination scores for speech pre-
sented with maskers that vary in their degree of similarity to the target. A representa-
tive continuum of target-masker similarity varying from most similar to least similar 
might consist of same-voice, same-gender, different-gender, different-language, etc. 
In general, the results from these studies are that performance declines with greater 
target-masker similarity (e.g., Brungart, 2001). 

A second factor that can result in poorer execution of attentionally demanding tasks 
is cognitive load, or the drain on residual cognitive processing capacity caused when 
performing a mental operation. The influence of cognitive load on residual perform-
ance on tasks requiring divided attention was recently examined in a study examin-
ing the effect of severe tinnitus on cognition (Stevens et al., 2007). The logic underly-
ing this relationship is that if attention is directed to tinnitus, then fewer available cog-
nitive resources are available to perform other tasks. Despite controlling for levels of 
anxiety, depression, high frequency hearing, and verbal IQ, the authors found poorer 
performance on Stroop and dual-tasks involving word reading or category naming for 
participants with tinnitus, relative to age-matched controls.

Third, as the complexity of the constituent tasks increases, it becomes increasingly dif-
ficult to perform dual-tasks (for a review, see Pashler, 1993). The relationship between 
task difficulty and dual-task performance is highlighted by the danger of talking on a 
cell phone while driving, relative to that of talking with a passenger. In complex driv-
ing situations, passengers will often collaborate with drivers by referring to traffic con-
ditions and thus reducing the associated complexity of the driving task. Cell phone 
communication partners on the other hand do not have a similar sense of shared situ-
ational awareness, and are unable to adjust to the increased task complexity present in 
more challenging traffic conditions (Drews et al., 2004).
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Controlled vs automatic processing
One way to ameliorate the negative effects of task difficulty on dual-task performance 
is through rehearsal of the constituent tasks (McDowd and Craik, 1988). The reason 
practice is believed to be beneficial, is that tasks move from being a controlled process 
and become more of an automatic process (Schneider and Shiffrin, 1977). For exam-
ple, consider the first time an audiology student attempts to carry on a conversation 
with a supervisor while simultaneously completing an audiogram on a person with a 
significant asymmetrical hearing loss. Usually, the conversation will be disrupted by 
the difficulty associated by a novice’s first attempts at applying appropriate levels of 
masking. Controlled processes are characterized by conscious awareness, are rela-
tively slow, use more processing capacity, and require greater dependency on atten-
tional resources than automatic processes which are less reliant on conscious aware-
ness, typically much faster, use up less processing capacity and require fewer atten-
tional resources.

Although Schneider and Shiffrin’s (1977) refinement of earlier models of attention 
was initially derived from investigations presenting visual stimuli, later research has 
explored controlled and automatic processing in audition under dichotic listening 
conditions (Poltrock et al., 1982). In this study, participants listened for target letters 
presented among distractors, under conditions of consistent and variable stimulus-
response mappings. Originally, Schneider and Shiffrin suggested that automatic proc-
esses are engaged when there is consistent mapping between a stimulus and a response, 
such that the same stimulus is always associated with the same required response. On 
the other hand, controlled processing occurs when there is varied mapping between 
stimuli and responses, or in other words stimuli that serves as targets on one trial can 
serve as distracter on other trials. Not surprisingly, consistent mapping results in faster 
response times and fewer errors.

The general pattern that emerges from studies of effortful and automatic cognitive 
processing is that relative to automatic processing, controlled processes are more sus-
ceptible to aging (Fisk et al., 1990; Salthouse and Babcock, 1991; McDowd and Shaw, 
2000). Nevertheless, exceptions to this pattern have been found with more recent elec-
trophysiological investigations. For example, there is evidence that younger and older 
adults differ on non-behavioural indices of neural activity (Alain et al., 2004). In this 
study, young, middle-age, and older adults were presented with tone-pips separated 
by a gap, under conditions where they were consciously attending to the auditory sig-
nal or when they were engaged in a visual task, where performance was measured 
by recordings of event-related potentials. Although no age differences were observed 
when listeners attended to the auditory stream, in contrast, less robust neuronal activ-
ity was recorded for both middle-age and older adults for near-threshold stimuli when 
participants attended to the visual task. Hence, it is currently unclear how aging affects 
automatic and effortful processing. Rogers and Fisk (2000) have suggested that these 
discrepant findings may be resolved by taking into consideration one’s familiarity or 
expertise associated with the underlying tasks. One possibility is that compensation 
may occur for deficits in automatic processing if there is knowledge with the underly-
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ing task (e.g., familiarity with speech). Another possibility is that as effortful process-
ing is repeated, tasks that were once under more deliberate conscious control become 
more automated in their execution.

As yet, it is unclear if it is possible to automate previously slower and more deliber-
ate processing required of older adults with hearing loss. However, this idea is con-
sistent with a recent endeavor to create a home-based, aural rehabilitation program 
designed to adaptively train hearing impaired listeners on how to make better use 
of available speech cues (Sweetow and Sabes, 2006). Using a randomized, cross-
over design, 65 hearing-impaired adults received auditory training on tasks including 
speech in babble, time compression, competing speaker, auditory memory, and miss-
ing word. Significant performance benefits were observed on all training tasks, how-
ever, more notably the authors found improvement on tasks not included in the train-
ing program including a speech perception in noise test and a listening span test. Con-
sistent with beneficial effects of rehearsal on constitute tasks for dual-task perform-
ance, practice on the auditory training tasks may have emphasized the importance of 
adopting advantageous listening strategies when faced with challenging listening envi-
ronments. Although these results are encouraging, it remains unclear if these training 
benefits reflect actual shifting from controlled to automatic processing, or merely rep-
resent increased practice and familiarity with a controlled process. Remarkably, James 
(1890) noted that “the more of the details of our daily life we can hand over to the 
effortless custody of automatism, the more our higher powers of mind will be set free 
for their own proper work.” Clearly the notion that continued practice may ultimately 
result in the automatization of listening strategies that initially require more effortful 
deliberation is intriguing.

New directions for research
At present, there have been few investigations examining the influence of automatic 
and controlled processing on auditory attention, particularly as it relates to speech 
comprehension in older adults. To our knowledge, no research has examined the role 
of effortful and automatic processing in auditory spatial attention. This relationship is 
highlighted in the party scenario described earlier. Recall that at one point in the may-
hem of the party, although Allan heard a voice from a spatial location located to his 
left, he shifted his attention to the right spatial location. We propose that automatic 
and controlled shifts of auditory spatial attention are an important quality of listening 
in everyday environments.

Current research
The present investigation (Singh et al., under review) is designed to explore possible 
age-related differences in auditory spatial attention in a multi-talker situation where 
the acoustic cues are either fully available or reduced using the precedence effect. 
First, by comparing performance in younger and older age listeners in conditions of 
real auditory separation (following Kidd et al., 2005), we set out to determine the rel-
ative contributions arising from information about target identity and location to age-
related differences in word recognition performance. Second, we use the precedence 
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effect (following Freyman et al., 1999) to simulate spatial separation to specify to what 
extent the ability to use interaural cues may influence age-related differences in under-
standing speech in complex environments. By comparing the results between the two 
presentation methods, we hope to determine how bottom-up and top-down processes 
interact to enhance stream segregation when a target is physically separated from a 
masker, and to determine the extent to which this pattern of interaction is age-depend-
ent. Finally, we conducted an exploratory analysis on the role of automatic and con-
trolled processes by examining the allocation of spatial attention across conditions 
varying in the demands placed for effortful shifts of attention. This was achieved by 
comparing performance on trials either consistent or inconsistent with spatial listen-
ing expectations.

METHODS	  
Participants
Eight younger adults (21-30 years old; mean = 24.38; SD = 3.02) and eight older 
adults (66-78 years old; mean = 70.38; SD = 3.89) participated in the study. All listen-
ers had clinically normal pure-tone air-conduction thresholds (≤25dB HL) from 0.25 
to 3 kHz in both ears.

Stimuli
The stimuli were sentences from the Coordinate Response Measure corpus (Bolia et 
al., 1999) and each sentence had the format “Ready [callsign], go to [colour] [number] 
now”, where there are eight different callsigns and numbers, and four possible col-
ours. 

Design
Target callsign identity was cued either before or after sentences were presented. Four 
different probability specifications indicated the likelihood of the target being pre-
sented at the left, centre, and right locations (0-100-0, 10-80-10, 20-60-20, 33-33-33), 
where 10-80-10 indicated that the target would be presented from the centre location 
on 80% of the trials and from each of the left and right locations on 10% of the trials). 
The listener’s task was to identify the color and number in the target sentence that was 
presented simultaneously with two masker sentences.

Two different presentation conditions were used to explore auditory spatial attention 
in listening, a real spatial separation condition and a simulated spatial separation con-
dition. In the real spatial separation condition, three loudspeakers were used to present 
stimuli. The target and two masker sentences were presented simultaneously but each 
was played from a different loudspeaker. In the simulated spatial separation condition, 
we took advantage of the precedence effect and achieved simulated spatial separation 
of the target and competitors by manipulating time delays (3 ms) between presentations 
from only two loudspeakers. All sentences were presented at 60 dB SPL.
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RESULTS AND DISCUSSION
In general, we observed four main findings of interest (see Fig. 1). First, although 
younger adults performed better than older adults, we observed a similar pattern across 
all conditions for both age groups [F(1,14) = 7.60, p < 0.05]. Second, performance 
improved when listeners were most certain about the location of the target [F(3,42) = 
16.68, p < 0.001]. Third, advanced knowledge of the target callsign improved perform-
ance [F(1,14) = 58.10, p < 0.001]. Fourth, the benefit of location certainty and callsign 
cue information was more prominent in the real compared to the simulated conditions 
[F(1,14) = 36.04, p < 0.001]. The results from this analysis thus replicate and extend 
the findings of Kidd et al. (2005). Although younger adults demonstrated significantly 
higher word recognition performance compared to older adults, both age groups sim-
ilarly benefited from information about target identity and location.

Fig. 1. Mean percent correct identification scores and standard errors of the mean for 
younger (left, unfilled symbols) and older (right, filled symbols) adults across the four 
location certainties. Solid lines indicate real spatial separation, dashed lines indicate 
simulated spatial separation, circles indicate callsign cue before conditions, and trian-
gles indicate callsign cue after conditions.

Although not tested directly, this research design also permits a rudimentary explo-
ration of the role of automatic and controlled processing in auditory spatial attention. 
To further investigate this possibility, we directly compared performance for targets 
appearing in expected and unexpected locations. For this analysis, we focused on the 
callsign cue conditions where target identity was known before stimulus presentation 
and the conditions in which location certainty was less than 1.0 but more than chance 
(0.33). Whereas the callsign cue established listener expectations regarding target 
identity, by choosing the intermediate location certainty conditions it was possible to 
compare trials where the target was presented at the more likely central location or a 
less likely side location. For example, when the probability of the target being pre-
sented at the centre location was 0.80 or 0.60, the listener would need to shift atten-
tion from the expected central location to an unexpected side location on some trials. 
A ‘likely’ trial would occur if the target callsign occurred at the centre location and 
an ‘unlikely’ trial would occur if the target callsign occurred at either the left or right 
spatial location. By differentiating trials by spatial listening expectations, we have 
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met some, but not all of the characteristics that distinguish automatic from controlled 
processing. For example, although ‘likely’ trials do not engage processing that occurs 
outside of conscious awareness, processing of information at expected listening loca-
tions likely uses less processing capacity and requires fewer attentional resources, 
and thus engages more automatic processing than ‘unlikely’ trials which presuma-
bly would exhaust more processing capacity and place greater demands on systems 
of attention. Hence, the ability to perform shifts of attention that vary in the demands 
placed for effortful shifts of attention was gauged by comparing their word identifica-
tion performance on trials where the target was presented at the ‘likely’ central loca-
tion or at the ‘unlikely’ side location.

Fig. 2. Mean percent correct identification scores and standard errors of the mean for 
real (solid lines) and simulated spatial separation (dashed lines) presentation conditions, 
depicted for the ‘likely’ or ‘unlikely’ spatial locations. Unfilled and filled circles repre-
sent data collected on younger and older adults respectively.

As shown in Fig. 2, for both age groups, word identification was approximately 45%  
better on likely than unlikely trials [F(1,14) = 152.53, p < 0.001]. Importantly, although  
younger adults performed better than older adults by an average of 9% collapsing 
across the two presentation methods [F(1,14) = 4.14, p = 0.06], the cost of switching 
attention from a likely to an unlikely spatial location was equivalent for older (44%) 
and younger adults (46%)[F(1,14) = 0.05, p > 0.05]. Concerning the role of auto-
matic and effortful processing in auditory spatial attention, these results are consistent 
with Rogers and Fisk’s (2000) notion that performance on tasks involving automatic 
processing of familiar stimuli is not vulnerable to aging and Alain et al’s (2004) find-
ings of equivalent performance on tasks involving controlled processing. 

Finally, the influence of interaural cues on the cost of switching attention from a likely 
to an unlikely spatial location was examined by comparing performance in the real 
compared to the simulated spatial separation conditions. As shown in Fig. 2, the rich-
ness of the interaural cues strongly influenced word identification performance for 
the unlikely trials, with scores being 29% higher in the real compared to the simu-
lated condition [F(1,14) = 98.33, p <0.001]. However, the availability of rich interau-
ral cues did not influence performance on the likely trials, with there being less than 
1% difference between the real and simulated spatial separation conditions [F(1,14) 
= 59.34, p < 0.001]. Therefore it would seem that the cognitive influence of location 
expectation modulates the importance of the auditory influence of ILD cues. The use-
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fulness of such cues may be more critical in dynamic listening situations in which the 
listener is required to effortfully switch spatial attention. Future research should more 
definitely resolve the role of automatic and controlled processing in realistic and chal-
lenging listening environments.
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