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Recent studies lead to the conclusion that focused attention, through the activity of corti-
cofugal and medial olivocochlear (MOC) efferent pathways, modulates activity at the most
peripheral aspects of the auditory system within the cochlea. In two experiments, we
investigated the effects of different intermodal attention manipulations on the response of
outer hair cells (OHCs), and the control exerted by the MOC efferent system. The effect
of the MOCs on OHC activity was characterized by measuring the amplitude and rapid
adaptation time course of distortion product otoacoustic emissions (DPOAEs). In the first,
DPOAE recordings were compared while participants were reading a book and counting
the occurrence of the letter “a” (auditory-ignoring) and while counting either short- or long-
duration eliciting tones (auditory-attending). In the second, DPOAEs were recorded while
subjects watched muted movies with subtitles (auditory-ignoring/visual distraction) and
were compared with DPOAEs recorded while subjects counted the same tones (auditory-
attending) as in Experiment 1. In both Experiments 1 and 2, the absolute level of the
averaged DPOAEs recorded during the auditory-ignoring condition was statistically higher
than that recorded in the auditory-attending condition. Efferent-induced rapid adaptation
was evident in all DPOAE contours, under all attention conditions, suggesting that two
medial efferent processes act independently to determine rapid adaptation, which is unaf-
fected by attention, and the overall DPOAE level, which is significantly affected by changes
in the focus of attention.
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INTRODUCTION
It is well established that attending to a stimulus – visual or
auditory – results in relatively larger sensory responses in the cor-
responding cortical areas than when the same signal is ignored
(c.f., Woldorf et al., 1987; Johnson and Zatorre, 2005; Kauramäki
et al., 2007), yet the initial level within the central nervous system
at which auditory attention operates remains a matter of some
debate.

Electrophysiological investigations in humans have led to the
conclusion that selective attention mechanisms do not affect sub-
cortical processing, but, instead, modulate the initial stages of
cortical input above the thalamus (Woldorf et al., 1987; Hill-
yard, 1993; Saupe et al., 2009). Consistent with this view, stud-
ies of shorter-latency potentials have failed to demonstrate an
attentional modulation of either cochlear or brainstem responses
(Hackley et al., 1990; Hirschhorn and Michie, 1990).

By contrast, recent work using cross-modal attention manip-
ulations in experimental animals and humans has forced the

Abbreviations: DPOAE, distortion product otoacoustic emissions; MOC, medial
olivocochlear efferent; OAE, otoacoustic emission; OHC, outer hair cell.

conclusion that peripheral and pre-cortical stages of processing
are affected by attention tasks. Studies in human and non-human
animal subjects have shown that peripheral responses, including
brainstem and cochlear evoked potentials, as well as otoacoustic
emissions (OAEs) are decreased when ignoring auditory probes
and attending to visual (c.f., Picton et al., 1971; Lukas, 1980, 1981;
Puel et al., 1988; Méric and Collet, 1992, 1994; Giard et al., 1994,
2000; Maison et al., 2001; Delano et al., 2007). The observed
decrease in auditory responses when attending to visual stimuli
is, of course, appealing, as the same effect is observed cortically.
Avan and Bonfils (1992) and Michie et al. (1996), on the other
hand, reported that attending to visual tasks produced no con-
sistent change in distortion product OAEs (DPOAEs), which may
even show increases when ignoring auditory stimuli.

Physiological studies indicate that stimulation of the corti-
cofugal pathways within the cortex can, through the medial
olivocochlear (MOC) efferent tracts innervating outer hair cells
(OHCs), alter cochlear activity in both humans and non-human
animals (Xiao and Suga, 2002; Perrot et al., 2006; Delano et al.,
2007; Liu et al., 2010), describing the neural basis for attentional
modulation of the auditory receptors (Fritz et al., 2007; Knudsen,
2007; Suga, 2008). Manipulating laterality, de Boer and Thornton
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(2007) and Harkrider and Bowers (2009) showed that attending
to the eliciting stimulus reduces the magnitude of MOC sup-
pression of click-evoked OAEs produced by contralateral noise;
evidence of a release from MOC inhibition when attending to the
ipsilateral ear.

While it is apparent that a variety of different attention manipu-
lations do influence cochlear function, the nature of this influence
remains unclear. Measurement of the rapid adaptation of DPOAEs
offers a valuable, non-invasive measure of corticofugal and MOC
control of OHCs and cochlear function (Liberman et al., 1996;
Kim et al., 2001; Bassim et al., 2003). In two experiments, we
compared DPOAE rapid adaptation magnitudes and absolute lev-
els under different conditions of auditory or visual attention in
human listeners.

MATERIALS AND METHODS
SUBJECTS
Thirty-three human subjects participated in Experiment 1 and 12
subjects in Experiment 2; no subject participated in both experi-
ments. A brief history was taken from each subject to document
ear-related complaints and history of ear infections, ear surgery,
ototoxic medication use, noise exposure, and chronic medication
use. The subjects were college students between the ages of 18 and
22 years and most were females (76% in Experiment 1 and 75% in
Experiment 2).

All experiments were approved by the Institutional Review
Boards of Duke University Medical Center and the University of
Florida.

INSTRUMENTATION, STIMULUS PARAMETERS, AND TESTING
PARADIGMS
The equipment, stimuli, and DPOAE recording procedures are
the same as those employed in our previous work (c.f., Bassim
et al., 2003). Each ear was fitted with two transducers; the two
primary tones were generated digitally (Tucker-Davis Technolo-
gies, Gainesville, FL, USA) and fed individually to each transducer
(Etymotic Research, Elk Grove Village, IL, USA). The primaries
and emissions were measured in the ear canal with a low-noise
microphone probe (Etymotic Research), sampled continuously at
a rate of 40.9 kHz and amplified (40 dB), digitized (Tucker-Davis
Technologies), and stored to the hard drive. At the end of the ses-
sion, emission strength was analyzed using the heterodyne method
as described by Kim et al. (2001).

The primary tone parameters used were f2/f1 = 1.21, f1 level
(L1) = 70 dB SPL, and f2 level (L2) = 65 dB SPL. DPOAE levels
were measured as the f2 frequency was stepped between 1.0 and
10.0 kHz and the f2 frequency producing the largest emission in
either ear was selected for further study in a given session; the same
stimuli that produced the largest, chosen DPOAE were presented
binaurally to produce the largest DPOAE in the selected ear (the
ear with the largest DPOAE). Responses from the non-selected
ear, though collected, were not further analyzed. Duration of the
primary tones for the reading and counting sessions was the same
for both conditions tested and was either 3 or 6 s and, in all cases,
the inter-stimulus interval was 3.8 s. Using long-duration tones, as
opposed to transient or click stimuli, to measure DPOAEs offers
the advantage of characterizing the MOC onset time course. The

rise/fall times of all stimuli were zero, with the primaries begin-
ning at 0˚ of phase in order to minimize the effects of frequency
splatter. This splatter was further minimized because the DPOAE
amplitude was measured as the 2f1 − f2 frequency peak in the Fast
Fourier Transform (11.92 Hz bandwidth).

Once the ear tip transducers were fully seated within the
ear canal, the acoustic system output was calibrated in the sub-
ject’s ear at the start of each session and calibration tests were
repeated throughout the test session to detect the emergence of
small changes in probe placement or orientation. Additionally, the
measurement system monitored average primary tone levels on a
stimulus-by-stimulus basis and any sudden change in the levels,
usually indicating a displacement of the probe/microphone sys-
tem in the ear canal, resulted in the session being interrupted. In
these situations, the earphones were re-positioned and another
calibration was performed.

DPOAE ANALYSIS
A real time spectral analysis was performed during each stimulus
presentation to monitor the level of the primaries as well as for
the presence of the 2f1 − f2 DPOAE, which, depending on subject
noise levels, could be observed in most FFT traces. Estimation of
the changes in DPOAE amplitude as a function of time was done
by fitting a two-component exponential to the DPOAE adaptation
curves. The use of a two-component exponential fit is based on
previous studies in animals and humans (Kim et al., 2001; Bassim
et al., 2003), and was fit using the MatLab curve-fitting tool. A
participant’s data were included in the overall analysis only if the
magnitude of the observed rapid adaptation was larger than the
observed noise (i.e., the variation in DPOAE amplitude with time)
in the adaptation contour. Overall DPOAE levels across attention
conditions were estimated by averaging the last 15% of the data
points in each trace (i.e., the data points from 2550 to 3000 ms).
The results obtained for each subject under the testing condi-
tions were compared statistically using the analyses of variance
(ANOVA) with alpha set at 5%.

EXPERIMENT 1
Methods
Thirty-three subjects participated in this experiment. The ampli-
tudes of DPOAEs were measured in both ears as the f2 frequency
was stepped between 1.0 and 10.0 kHz (20 frequencies in a geomet-
ric progression), and, in order to maximize the response signal-
to-noise ratio, the f2 frequency producing the largest emission
was selected for further study in a given session; only these cho-
sen responses, and not those from the opposite ear, were further
analyzed. At least 128 stimuli were presented in each condition
and the responses from the selected ear, the ear with the selected
DPOAE, were averaged across subjects. To minimize the influ-
ence of any systematic effects such as sequence of presentation or
fatigue, each session was divided into blocks of 128 runs and the
order of the attention/distractor conditions was randomly varied
across subjects.

Adaptation of the DPOAE was measured under two different
conditions of attention/distraction. In the first condition, the par-
ticipants were instructed to attend to the eliciting tones (auditory-
attending condition). The tones were either 3 or 6 s in duration
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and the listener was asked to count the occurrences of the shorter-
duration tones. An equal number of 3 and 6 s tones were presented
in all attending conditions. In the second, auditory-ignoring con-
dition, the subject was instructed to ignore the tones (the same
3- and 6-s tones described in the attending condition) and to
read a passage in a book or magazine of their choice, counting
the occurrences of the letter “a.” Given the exploratory nature of
the present study, intermodal target detection tasks were selected
to maximize the potential effects of attention focus in this first
study of DPOAEs and attention. Thus, we compared an auditory
task condition (tone-counting) with a visual task condition (letter
counting), rather than with a no-task condition. The DPOAEs to

at least 128-tone presentations were averaged in each condition
(using only the first 3 s of the 6-s tones).

Results
Distortion product otoacoustic emissions measured under the
auditory-attending (counting tones; red trace) and auditory-
ignoring (reading text; blue trace) conditions, averaged across
subject, are presented in the upper panel of Figure 1. Each trace
is fitted with a two-component exponential for use in estimat-
ing the magnitude and time constants of the MOC-mediated
rapid adaptation response. Both DPOAE curves show the charac-
teristic MOC-mediated rapid adaptation response after primary

FIGURE 1 | Averaged group DPOAE traces, Experiment 1 (top panel).

The mean DPOAE trace measured in the auditory-ignoring (text reading)
condition is shown in blue and the mean DPOAE trace recorded in the
auditory-attending (tone-counting) condition is shown in red. Each trace is
fitted with a two-component exponential for use in estimating the
magnitude and time constants of the MOC-mediated rapid adaptation
response. When the two DPOAE traces are normalized to the DPOAE onset

level (bottom panel, and inset), it can be seen that the onset slope is
relatively steeper and there is relatively more rapid adaptation for the
auditory-ignoring condition (blue) compared with the auditory-attending (red)
condition. The estimated time constants are 49 ms for the auditory-ignoring
condition and 66 ms for the auditory-attending condition, differences that are
statistically indistinguishable (paired t -test). The estimated difference in
overall DPOAE level is ∼0.3 dB.
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tone onset (Liberman et al., 1996; Kim et al., 2001; Bassim et al.,
2003). The absolute level of the DPOAE recorded during the
auditory-ignoring condition, however, is significantly higher in
level when compared with the DPOAE recorded while the sub-
jects were counting (auditory-attending) the 3-s tones (p < 0.05;
paired t -test). The difference in the level of the two contours was
∼0.3 dB.

When the two mean DPOAE traces are normalized to initial
onset level (lower panel, Figure 1), it can be seen that the magni-
tude of the rapid adaptation is relatively greater for the auditory-
ignoring DPOAE; although, when compared, the magnitude of
adaptation, ∼0.8 dB for both functions, is not statistically differ-
ent (paired t -test). Likewise, when the normalized contour onsets
are compared (Figure 1, lower panel inset), it can also be seen that
the onset of adaptation is relatively steeper, the rapid adaptation
time constant being relatively shorter (i.e., the decreasing adapta-
tion slope is relatively steeper) for the auditory-ignoring condition
compared with the auditory-attending DPOAE trace. The mea-
sured rapid adaptation time constants are 49 ms for the auditory-
ignoring (reading text) condition compared with 66 ms for the
auditory-attending condition. A statistical comparison showed
that the two time constants were statistically indistinguishable
(paired t -test).

Figure 2 presents a comparison of the absolute levels of the
DPOAEs, for both Experiment 1 attending conditions, for each
individual subject. Of the 33 subjects, 18 showed relatively higher
overall DPOAE levels for the auditory-ignoring condition, eight
had relatively lower absolute DPOAE levels recorded during the
auditory-attending condition, and seven were approximately the
same.

FIGURE 2 | Scatter plot comparison of the absolute DPOAE level

measured for each subject during the auditory-attending condition

(counting tones) and DPOAE levels obtained during the

auditory-ignoring condition (reading text) in Experiment 1.

EXPERIMENT 2
Methods
Twelve subjects, not involved in Experiment 1, participated in this
experiment. As in Experiment 1, the primary tones were presented
simultaneously to both ears to maximize the magnitude of the
adaptation response (Liberman et al., 1996; Bassim et al., 2003).
In this experiment all stimuli and conditions were similar, except
the participants were instructed to read the subtitles on a (muted)
movie of their choice in the auditory-ignoring condition. The
DVD movie was played on a television in the sound room. In the
auditory-attending (tone-counting) condition, in order to be cer-
tain that neither the television nor DVD player interfered with the
recordings, both devices were left running, but were completely
covered from view. The order of the two conditions was random-
ized across subjects, but both conditions were measured in the
same recording session. The DPOAEs to at least 128-tone presen-
tations were averaged in each condition (using only the first 3 s of
the 6-s tones) and the results for all participants averaged.

Results
Distortion product otoacoustic emission curves measured in
Experiment 2 are presented in the top panel in Figure 3. The
DPOAE trace recorded in the auditory-ignoring (movie/subtitle
viewing) condition is shown in green and the DPOAE trace
recorded in the auditory-attending (tone-counting) condition
is shown in red. Each trace is fitted with a two-component
exponential.

Consistent with the findings of Experiment 1, the average
DPOAE curve recorded during the auditory-ignoring condition is
significantly higher (p < 0.001) in overall level compared with that
recorded during the auditory-attending condition. The absolute
difference between the two curves is ∼1 dB.

When the two DPOAE curves are normalized to onset level
(Figure 3, lower panel and inset), it can be seen that there is a
small, statistically insignificant (paired t -test) difference in the
rapid adaptation onset time constants, with the auditory-ignoring
adaptation onset (green) being relatively steeper. The time con-
stants are 114 ms for the auditory-ignoring condition and 127 ms
for the auditory-attending condition.

Figure 4 presents a scatter plot of the DPOAE absolute levels
for the auditory-attending and auditory-ignoring conditions from
Experiment 2. Of the DPOAEs recorded from 12 subjects in this
experiment, 11 showed DPOAEs with absolute levels that were rel-
atively higher under the auditory-ignoring condition, compared
with the level of the DPOAE recorded in the same session when
the subjects were attending to the DPOAE-eliciting tones.

The substantial difference in the absolute level of the DPOAEs
recorded under the same auditory-attending conditions in Experi-
ments 1 and 2 highlights the inter-subject variability evident in the
recordings and illustrates the need to compare across conditions
within a subject and given test session. This finding is consistent
with reports from other investigators (c.f., Meric et al., 1996).

DISCUSSION
Given the known innervation pattern of the mammalian cochlea,
the only neural pathway by which changes in attention can influ-
ence OHC receptor function is through the corticofugal pathway
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FIGURE 3 | Distortion product otoacoustic emission traces,

averaged across participants, from Experiment 2 (top panel). The
mean DPOAE trace recorded in the auditory-ignoring (movie/subtitle
viewing) condition is shown in green, and the mean DPOAE trace
recorded in the auditory-attending (tone-counting) condition is shown in
red. Each trace is fitted with a two-component exponential. The two
DPOAE traces normalized to onset level are shown in the lower panel

(and inset). Consistent with the findings of Experiment 1, the DPOAE
adaptation curve recorded during the auditory-ignoring condition is
significantly higher (p < 0.001) in overall level compared with that
recorded during the auditory-attending condition (red). The calculated
time constants are 114 ms for the auditory-ignoring condition and 127 ms
for the auditory-attending condition. The absolute difference between the
two traces is ∼1 dB.

and MOC fibers innervating the base of OHCs. MOC neurons
exert remarkable control over the response of the cochlea to sound
(c.f., Guinan, 1996, 2006, 2010; Robertson, 2009). The time course
of MOC modulation of OHC responses can be estimated non-
invasively by recording DPOAEs to long-duration tones (Liber-
man et al., 1996; Kim et al., 2001; Bassim et al., 2003). Using
this measure to characterize the effects of different task manip-
ulations, we show that changing cognitive task demands pro-
duces significant alterations in responding at the most peripheral

aspects of the auditory system – in the response of the OHC
receptors.

In both experiments, when DPOAE adaptation contours are
compared across experimental conditions, they are significantly
lower in overall level when participants attended to the elicit-
ing tones (auditory-attending condition), compared with when
listeners are asked to ignore the eliciting tones (e.g., when partic-
ipants are asked to read a book or watch a muted movie); when
reading, the mean DPOAE was approximately 0.3 dB higher than
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FIGURE 4 | Scatter plot comparison of absolute DPOAE levels recorded

from individual participants during auditory-attending (counting

tones) and auditory-ignoring conditions (watching muted DVD,

reading subtitles) conditions in Experiment 2.

when participants were counting the brief tones (Figure 1, upper
panel), and the group mean DPOAE level was 1.0 dB higher when
participants were watching muted movies and reading subtitles
(Figure 3, upper panel).

One obvious conclusion from this finding is that directing top-
down attentional resources to a given modality (auditory, visual)
may cause changes in the sensory periphery through descending
pathways. Alternative interpretations are also possible however:
participants may have found the tasks used to be different in dif-
ficulty, resulting in systematic alterations of effort or arousal. It is
well conceivable that such confounding variables are at the core of
the robust effects seen in our experiments. These alternative expla-
nations cannot be ruled out at this point and require additional
experimentation, now under way in our laboratory.

It is interesting to note that, although significant changes in
the absolute level of the DPOAEs were observed, we found no
significant corresponding changes in either the time constant or
the magnitude of the rapid adaptation process, both of which are
known to be under MOC control (Liberman et al., 1996): changes
in the onset slope of the adaptation are apparent (see inset panels,
Figures 1 and 3), but these were small and did not reach statis-
tical significance. This result was unexpected because our initial
hypothesis was, like the more central and cortical reports, that the
MOC system mediates a peripheral selective attention mechanism
in the cochlea via the suppression of ignored stimuli. Indeed, that
hypothesis drove the use of the DPOAE rapid adaptation recording
technique in this study. This finding might indicate, as in the rat,
that the rapid adaptation response is produced predominantly by
the middle ear acoustic reflex, and not by the MOC system (Relkin
et al., 2005). In our earlier report, however, we argued against

the involvement of the middle ear muscles by demonstrating that
the stimuli employed in these measures were below thresholds for
activation of the acoustic reflex (Bassim et al., 2003). However
unlikely, we cannot emphatically rule out an MEM involvement
in the present results because we did not directly measure middle
ear responses as was done in our original report.

Our present results, showing that rapid adaptation is still appar-
ent in the DPOAE responses to experimental conditions, suggests
that those MOC processes influencing the overall level of the
DPOAE contour and those mediated rapid adaptation mecha-
nism may operate separately and simultaneously. From these data
it can be argued that the MOC tracts serve two different, but related
functions, with both serving to increase the signal-to-noise ratio of
the cochlea. The first, rapid adaptation, suppresses the response of
OHCs to sustained or repeated stimulation and, as a consequence,
increases responding to new or transient signals (Liberman et al.,
1996). The second component, via task-related top-down signals,
may for instance increase the salience of attended signals at the
expense of ignored stimuli. These conjectures are subject to ongo-
ing research in our laboratory. If one embraces an attentional
explanation for the present data, it is important to point out that,
given the suppressive nature of MOC action on OHCs (Guinan,
1996, 2006, 2010; Robertson, 2009), our data argue that the MOC
is actively, in some manner, suppressing the OHC responses to the
attended auditory signals.

The observed increase in the amplitude of cochlear responses to
ignored auditory stimuli is consistent with the findings from sev-
eral studies by Michie et al. (1996). In their work, Michie and
colleagues attempted to replicate several findings from groups
using different attention and stimulus paradigms – all of which
reported a relative decrease in the amplitude of ignored responses
(Puel et al., 1988; Giard et al., 1994, 2000); this was the expected
peripheral consequence of ignoring a stimulus as this effect is the
generally accepted effect observed cortically (Woldorf et al., 1987;
Johnson and Zatorre, 2005; Kauramäki et al., 2007). Interestingly,
in four of five experiments, they demonstrated statistical increases
in the level of evoked OAE responses to ignored auditory stimuli.

Our observation of a relative increase in response magnitude
when participants are instructed to ignore the auditory stimulus,
however, is in apparent disagreement with previous results from a
number of investigators employing different cognitive paradigms
and varied physiological measures (c.f., Oatman, 1971, 1976; Oat-
man and Anderson, 1977; Lukas, 1980, 1981; Puel et al., 1988; Giard
et al., 1994; Maison et al., 2001; Delano et al., 2007). In an effort
to maximize task-related differences, the present study compared
visual attending directly with different auditory-attending tasks,
as described above. The potential disadvantages of this approach
are mentioned above. Several previous studies that may inform
the present research however employed paradigms that compared
attention conditions against a no-task condition, resulting in sim-
ilar limitations: Oatman (1971, 1976) and Oatman and Anderson
(1977) compared auditory evoked potentials to tone bursts in cats
while they were focusing attention on a visual task with responses
to the same tones when they were performing no-task; Cortical and
cochlear nucleus responses were relatively smaller when recorded
during the visual attention task. Using the same stimulus para-
digm in humans, Lukas (1980) likewise reported that auditory
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evoked potentials in humans were relatively lower in level when
subjects performed a visual task (and ignored the auditory stim-
uli), compared to when they performed no attentional task during
the auditory recordings. Because of concerns over the differential
effects of arousal on the active visual task, compared with the pas-
sive auditory condition, Lukas (1981) repeated their earlier work,
with the added auditory condition that participants were required
to count tones varying in frequency, and showed a similar, rela-
tively smaller physiological response to ignored auditory stimuli.
Delano et al. (2007), employed a intermodal paradigm, similar to
that used by Lukas (1981), in behaviorally trained chinchillas and
also showed consistently smaller, longer-latency compound action
potentials, to ignored tone bursts.

At this time, the reasons for the differing findings, whether
ignored responses are relatively lower (Lukas, 1981; Delano et al.,
2007) or relatively higher (Michie et al., 1996; present data) are
uncertain. At least two issues, however, are worthy of additional
study. The first is that our study and that of Michie et al. (1996)
employed OAE measures, while Lukas (1981) and Delano et al.
(2007) both used compound action potentials to assess changes
in sensitivity. Both measures have been shown to be sensitive to
efferent influence (c.f., Guinan, 1996, 2006), so it is unclear how
this measurement technique, alone, might explain the observed
differences.

The second issue is likely more important, both our study
and Michie et al. (1996), the only studies showing an increase
in the amplitude of responses to ignored stimuli, employed the
same stimulus as both the target and for generating the physio-
logical measure, whereas the two studies that showed a relative
decrease in the amplitude of ignored stimuli used different target
and response-evoking stimuli. Delano et al. (2007) used a 100-μs
click to evoke the compound action potentials and 100–200 ms-
long tones (1, 2, 4, 6, 8 kHz) to evoke the cochlear microphonics,
while their target stimuli were 3810 ms-long tones of 1200 and
3600 Hz. The other study, Lukas (1981), employed two different
click stimuli, varying in duration and, as a consequence, having
differing frequency spectra. There are data from multiple studies
showing that the effects of attention are significantly different at
frequencies away from the expected, or target frequency (Green-
berg and Larkin, 1968; Dai et al., 1991; Strickland and Viemeister,
1995; Scharf et al., 1997), compared with the response to the target
frequency. In this case, when the target and evoking stimulus are
different, the effects of the descending input on OHC sensitivity

may be different at frequencies away from the attended signal,
and the effect of attention may not be evident in the measure-
ments. Indeed, Delano et al. (2007) suggest this is why they might
have failed to show an effect of attention on their auditory task
condition.

As stated above, another methodological question relates to
the fact that comparisons between auditory-attending (counting)
tones on one hand and counting visual letters or being distracted
by visual media with subtitles might be confounded by factors
other than attention. Most importantly, it is conceivable that over-
all non-specific arousal states of an individual can affect MOC and
OHC activity. Because it cannot be ruled out that conditions of
tone-counting, letter counting, and movie watching differ along
dimensions of arousal or task engagement, we conducted an addi-
tional control experiment (Smith, unpublished observations) in
which participants counted tones with and without distraction by
strong emotional visual stimuli taken from the International Affec-
tive Picture System (IAPS). These data replicate the present find-
ings, but show no effect of emotional engagement or physiological
arousal as induced by the IAPS, on DPOAEs.

There has long been a debate about the ability of the MOC
to influence the operating point of the receptor (c.f., Wiederhold
and Kiang, 1970; Guinan and Gifford, 1988; Rajan et al., 1990)
although, with the possible exception of this report, few data sup-
port this suggestion (Xie and Henson, 1998). At this juncture,
it is indisputable that cognitive task demands can have significant
effects on OHC function and, as a consequence, on the responses of
the auditory system as a whole. Such effects are mediated through
the corticofugal pathways, with the last relay via the MOC efferent
tracts. How the changes in sensitivity in the cochlea with cognitive
state are reflected in, or account for, the changes reported at higher,
cortical centers remains to be determined.
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