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ABSTRACT
Introduction: The efferent auditory system is important for localization of sound source, auditory attention,

protection of cochlea and speech perception.

Aim of the study: The present study attempted to find out the effect of different visual attention on efferent auditory

system.

Subjects: Twenty young normal hearing adults were (Age range 18-35, Male-10, Female-10) participated in this study.

Methodology: Baseline DPOAE was recorded in all individuals. CS-DPOAE was recorded with 50 dB contra lateral

white noise in three different visual conditions such as active attention, passive attention and closed eyes. The visual

attention stimulus was delivered through brain workshop software. Amount of suppression values was compared

among three different conditions across all the frequencies.

Results: Result of higher amount of suppression in all the frequencies in active visual attention indicates higher

efferent system activity than other two conditions.

Conclusion: We conclude that the efferent system activity was higher during active visual attention so clinical

CSOAE recording in closed conditions eliminate these attention effects.

Keywords: Visual Attention; Efferent Auditory System; Oto-Acoustic Emission (OAE); Contralateral Suppression of

Oto-Acoustic Emission(CSOAE); Distortion Product Oto-Acoustic Emission (DPOAE).

INTRODUCTION

The auditory nervous system had both afferent and efferent
auditory system. The afferent auditory system carries the acoustic
impulses from cochlea to auditory cortex. Efferent system carries
the efferent signals from auditory cortex. Efferent pathways can
be found at every level of the afferent pathway and thus enable
the brain to modify the processing of the ascending auditory
information at various levels, regulating peripheral cochlear
function and modulating signal processing at higher stages of
the auditory pathway [1]. Not just inhibition or excitation but
also the modulation and control of excitatory and inhibitory
interactions in the auditory system.

The efferent auditory system can be divided into two systems.
They are rostral efferent system and caudal efferent system.
Rostral efferent consists of auditory cortex, medial geniculate
body (MGB), and inferior colliculus and also loops connections

between insula, superior colliculus and medial geniculate
[2-5].Caudal efferent system includes the olivocochlear bundles
which are divided in to two parts: lateral olivocochlear bundle
(LOC) and medial olivocochlear bundle (MOC) [6].Lateral
olivocochlear fibers Originates from lateral superior olivary
nucleus and terminates at the inner hair cells. Mostly it projects
ipsilateral fibers [7,8]

Attention

Attention is the cognitive process of selectively concentrating on
one aspect of the environment while ignoring other things [18].
Attention is an active part of consciousness. Attention is not
possible in the absence of consciousness but attention and
consciousness are not same. The field of consciousness is vast
and attention is one of its parts.

Example, I am reading the book at this time.
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During this activity book, table, note, chair, etc. all these are
under my consciousness but my attention is on the words being
read on the paper.

Attention depends upon External and Internal factors. External
factors depend on Intensity or strength, Extension, Color,
Movement, duration, Location, repetition, novelty and contrast
of the stimulus. Internal factors depend on the freshness,
interest, motive, desire, habit, and experience of the individuals
[19].Active attention is requiring more consciousness and it is
controlled by the both internaland external factors. The passive
attention requires less consciousness to compare with active
attention and it is controlled by the external factors [20,21].

The link between the otoacoustic emission and the neural
control, make the question whether top-down control will
modulate the hearing or not. In studying the effect of attention
on the mechanics of the inner ear and efferent pathway,
auditory attention more related to functioning of the inner ear.
There is quite strong evidence for the effect of auditory
attention on OAEs and their suppression. The results found
that OAE amplitudes and suppression of OAE was more during
active auditory attention to compare with normal quite
condition [11, 22-25].

In day to day life, visual scenes typically contain more items than
can be processed at any one time due to the limited processing
capacity of the visual system. Visual attention refers to the
cognitive operations that allow us to efficiently deal with this
capacity problem by selecting relevant information and by
filtering out irrelevant information [26].

Various studies hypothesized that visual attention also alters the
function of cochlea and efferent auditory system. The first study
to investigate the effect of visual attention on OAE was done by
Puel, et al. ,The study found that the amplitudes of emissions
were reduced in EOAE during selective visual task to compare
with other conditions. Later, Ferber-Viart et al. Delano et
al. ,Wittekindt, Kaiser and Abel, walsh et al. studies found that
visual attention modifies the activity of efferent auditory system
[27-34].

The results of the previous studies are not uniform. The first
contradictory result was found by avan et al. in 1992 reported
that no significant difference in OAE amplitudes between the
presence and absence of selective visual attention in both
Distortion product OAE (DP-OAE) and stimulus-frequency
OAE (SFOAE).Later in 2007 de boer et al showed that more
reduction in CEOAE amplitudes in active auditory conditions
but no significant changes in active and passive visual attention.
De boer et al. concluded that no significant changes in OAE
amplitude and amount of suppression during visual attention
but it manifests only under more demanding conditions.

AIM OF THE STUDY

The aim of the study is to know the effect of visual attention on
functioning of efferent auditory system by assessing contralateral
suppression of distortion product otoacoustic emission (CS-
DPOAE) in adults

SUBJECTS

Twenty voluntary normally hearing adults were (Age range
18-35, Male-10, Female-10) participated in thisExperimental
study.Inclusion criteria includesnormal hearing sensitivity,
DPOAE pass (SNR> 6dB) and normal vision. Exclusion criteria
includesAbsent in DPOAE,Hearing loss, Central nervous
system disorders, Medication that affect the central nervous
system, Vision problem, Attention deficits, Neuropsychiatric
diseases, Head trauma. All the testing was carried out in sound
proof audiological setup, as per ANSI S3.1-1999 standards
[35-37].

METHODOLOGY

Complete case history was gathered from the subjects. Otoscopic
examination was carryout before audiological testing.
Audiometric thresholds were measured using a calibrated Labat
audiohubV.4 diagnostic audiometer. All the subjects’ thresholds
were below 15 dB all the frequencies from 250 to 8000 Hz.
Tympanometry (226 Hz) and Acoustic reflexes were measured
using a Resonance r26m middle ear analyzer to rule out middle
ear pathology.

DPOAE

Distortion product otoacoustic emissions (DPOAEs) were done
in all the subjects using the Sentiero diagnostic analyzer.
DPOAE were measured for pure tone signals f1 and f2 at f2/f1
ratio of 1.22. The intensity of f1 and f2 was at 65 dB HL and 55
dB HL. The baseline DPOAE amplitudes were noted all the
frequencies of 1 KHz to 8 KHz.

CS-DPOAE

During DPOAE recording the white noise was presented at 50
dB SPL using a MAICO MA53 dual-channel clinical audiometer
via an insert ear phone to the subject’s opposite ear. The CS-
DPOAE recording was carried out for all the subjects in three
conditions explained below using the same procedure.

1) No task : In this condition, all visual attention was
eliminated. The subjects were simply sat comfortably in an arm-
chair with their eyes closed.

2) Passive visual attention: This condition was passive visual
attention. The subjects were simply sat comfortably in an arm-
chair. The stimulus was displayed on a monitor in front of the
subjects. The stimulus was silent repeating color videos and it
displayed during the testing through brain workshop software.

3) Active visual attention: the subjects have identified the color
match and position match on the stimulus during the
CSDPOAE recording. The subjects were comfortably sat in an
arm-chair. The stimulus was displayed on a monitor in front of
the subjects. The stimulus was delivered from brain workshop
software. The stimulus was continuously repeating with different
colors in different position. The subject has to press the
response button when the stimulus repeating same color (color
match) and repeating same position (position match). Based on
the subjects response percentage of scores were calculated and
above 80 percentage scores are considered for this condition.

Rao BS, et al.

J Phonet Audiol, Vol.6 Iss.1 No:20.6.144 2



RESULTS

Comparision of three different conditions

The amount of suppression amplitude was calculated each
condition by subtracting the DPOAE amplitude from each
condition CS-DPOAE amplitude.The average amount of
suppression values of three different conditions was compared
in across the frequencies. The average amount of suppression
was higher in all the frequencies in active visual attention to
compare with passive visual attention and closed eyes condition
(Figure 1).

Friedman test indicate that there is highly significant difference
between three different conditions (Table 1).

Table 1: Mean amount of suppression, standard deviation and p value
of Friedman test for among three different conditions such as closed
eyes, passive and visual attention. (*statistically significance).

Amount of
suppression

Closed eyes Passive Active p value

Mean SD Mean SD Mean SD

1 KHZ 1.4 0.63 1.5 0.67 2.66 0.83 .000*

1.5 KHz 1.56 0.77 1.74 0.92 2.46 1.1 .000*

2 KHz 1.52 0.91 1.8 0.88 2.37 1.18 .000*

3 KHz 1.56 0.62 1.86 0.77 2.68 1.27 .000*

4 KHz 1.8 0.64 1.67 0.9 3.1 1.67 .000*

5 KHz 1.67 0.65 1.99 0.77 2.77 1.13 .000*

6 KHz 1.62 0.68 1.9 0.74 3.02 1.14 .000*

8 KHz 2.43 0.63 2.88 1.01 4.33 1.3 .000*

Figure 1: Comparison of average amount of suppression values
across the frequencies among three different conditions.

Comparison between the conditions

The average amount of suppression values compared between
groups (closed eyes vs. passive, closed eyes vs active and passive
vs. active) respectively.

Table 2: Mean amount of suppression, standard deviation and p value
of Wilcoxon signed rank test for between closed eyes and passive visual
attention. (* statistically significance).

Amount of
suppression

Closed eyes Passive p value

Mean SD Mean SD

1K Hz 1.4 0.63 1.5 0.67 .129

1.5 KHz 1.56 0.77 1.74 0.92 .026*

2 KHz 1.52 0.91 1.8 0.88 .020*

3 KHz 1.56 0.62 1.86 0.77 .000*

4 KHz 1.8 0.64 1.67 0.9 .000*

5 KHz 1.67 0.65 1.99 0.77 .000*

6 KHz 1.62 0.68 1.9 0.74 .000*

8 KHz 2.43 0.63 2.88 1.01 .007*

Figure 2: Comparison of average amount of suppression across the
frequencies between closed eyes and passive visual attention task.

Table 3: Mean amount of suppression, standard deviation and p value
of Wilcoxon signed rank test for between closed eyes and active visual
attention. (* statistically significance).

Amount of
suppression

Closed eyes Active p value

Mean SD Mean SD

1 KHZ 1.4 0.63 2.66 0.83 .000*

1.5 KHz 1.56 0.77 2.46 1.1 .000*

2 KHz 1.52 0.91 2.37 1.18 .000*

3 KHz 1.56 0.62 2.68 1.27 .000*

4 KHz 1.8 0.64 3.1 1.67 .000*

5 KHz 1.67 0.65 2.77 1.13 .000*

6 KHz 1.62 0.68 3.02 1.14 .000*
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Wilcoxon sign rank test indicates that statically significance

difference between these groups respectively (Tables 2-4 and
Figures 2-4).

Figure 3: Comparison of average amount of suppression across the
frequencies between closed eyes and active visual attention task.

Figure 4: Comparison of average amount of suppression across the
frequencies between passive and active visual attention task.

Amount of
suppression

Passive Active p value

Mean SD Mean SD  

1 KHZ 1.5 0.67 2.66 0.83 .000*

1.5 KHz 1.74 0.92 2.46 1.1 .000*

2 KHz 1.8 0.88 2.37 1.18 .000*

3 KHz 1.86 0.77 2.68 1.27 .000*

4 KHz 1.67 0.9 3.1 1.67 .000*

5 KHz 1.99 0.77 2.77 1.13 .000*

6 KHz 1.9 0.74 3.02 1.14 .000*

8KHz 2.88 1.01 4.33 1.3 .000*

Table 4: Mean amount of suppression, standard deviation and p
value of Wilcoxon signed rank test for between passive and
active visual attention. (*statistically significance).

DISCUSSION

Visual attention influence on Moc

The results of our study found the significant difference between
the three different conditions. The amount of suppression was
higher in all frequencies during active visual attention than
other two conditions. The differences among three conditions
were about 1–2 dB.The Amount of suppression values depend
on the activation of efferent auditory system. The results suggest
that efferent auditory system activity is higher during the active
visual attention than the other conditions. It indicates that
visual attention influences the activity of efferent auditory
system. Attention primarily affects the reflexive response of the
MOC efferent system. The differences among three different
conditions reported here can be attributed to the reflexive MOC
system having been deferentially activated during thesethree
different conditions by the efferent flow from auditory cortex to
superior olive.

That is, cortico-olivary efferent pathways are able to modulate
the level of activity in the MOC reflex. Specifically, the cortico-
olivary efferent flow is greater during active attention than other
two conditions, and that makes MOC strength greater, cochlear-
amplifier strength weaker, and amplitude compression less than
during other conditions.

Possible alternative explanations

The changes in the amount of suppression may due to
activation of middle-ear reflex (e.g., Goodman and Keefe; Henin
et al.). Themiddle-ear reflex was deferentially activated during
visual attention and inattention conditions. The middle-ear
reflex is activated due to the MOC influence and it can alter the
OAE recordings. That is, the top-down influences that we have
been assuming were acting on the MOC network were acting
(also or instead) on the middle-ear reflex. We have no direct
evidence contradicting this form of the alternative explanation
because no simultaneous or auxiliary measurements were
obtained of the middle-ear reflex for our subjects (beyond
screening for “normal” tympanometry).

Another possible alternative explanation for our experimental
differences across visual attention conditions is that during the
visual attention conditions most of our subjects simply became
more restless and thus noisier and thus had more amount of
suppression. This is an implausible explanation for several
reasons. First, our behavioral tasks did require that the subjects
attend visual stimulus and the subject has to press the response
button when the stimulus repeating same color (color match)
and repeating same position (position match).

FUTURE RECOMMENDATIONS

The effects of visual attention on efferent auditory system results
are not uniform. Hence to confirm these results more studies
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The amount of visual attention was measured through the
subjective measures. Alternatively to measure the amount of
visual attention can measure through the objective tests.

CONCLUSION

In this present study we found that the visual attention can alter
the activity of efferent auditory system. Higher activity of the
efferent system can increase the speech perception abilities.
During the active visual attention may get better speech
perception ability than non-visual attention condition. From
this study we conclude that visual attention can increase the
activity of efferent auditory system so clinical CSOAE recording
in closed eye condition eliminate these attention effects.
Furthermore, studies are required to confirm these visual
attention effects on efferent auditory system.

REFERENCES

1. Wllhelmina HM, Efferent Control Of Hearing, Acoustics
Australia. 2006; l34 :1-19.

2. Saldaña E, Feliciano M, Mugnaini. Distribution of descending
projections from primary auditory neocortex to inferior colliculus
mimics the topography of intracollicular projections. EJ Comp
Neurol. 1996 15; 371(1):15-40.

3. Dallos P, Oertel D. Efferent system, in The Senses: A
Comprehensive Reference. London, UK: Academic Press 413–
445. 

4. Winer JA, Schreiner CE. Descending connections of the auditory
cortex to the midbrain and the brainstem.

5. Ryugo DK, Popper AN, Fay RR. Central descending auditory
pathways. Auditory and Vestibular Efferents,. ew York, NY:
Springer-Verlag. 261–290.

6. Warr WB, Guinan JJJr. Efferent innervation of the organ of Corti:
Two separate systems. Brain Res. 1997; 173:152–155.

7. Campbell JP, Henson MM. Olivocochlear neurons in the
brainstem of the mouse. Hear Res. 1988; 35:271–274.

8. Vetter DE, Mugnaini E. Distribution and dendritic features of
three groups of rat olivocochlear neurons. A study with two
retrograde cholera toxin tracers. AnatEmbryol (Berl). 1992; 185:1–
16.

9. Brown MC, Levine JL Dendrites of medial olivocochlear (MOC)
neurons in mouse. Neuroscience. 2008; 154:147–159.

10. Andeol G, Guillaume A, Micheyl C. Auditory efferent facilitate
sound localization in noise in humans. J Neurosci. 2011; 31:6759–
6763.

11. Giard MH, Collet L, Bouchet P. Auditory selective attention in the
human cochlea. Brain Res. 1994; 633:353–356.

12. De Boer J, Thornton ARD. Neural correlates of perceptual
learning in the auditory brainstem: efferent activity predicts and
reflects improvement at a speech-in-noise discrimination task. J
Neurosci. 2008; 28:4929–4937.

13. Reiter ER, Liberman MC. Efferent-mediated protection from
acoustic overexposure: relation to slow effects of olivocochlear
stimulation. J Neurophysiol. 1995; 73:506–514.

14. Rajan R. Protective functions of the efferent pathways to the
mammalian cochlea: a review. In: Salve RJ, editor. Noise induced
hearing loss. St Louis: Mosby Yearbook; 1992; 429–444.

15. Kumar UA, Vanaja CS. Functioning of olivocochlear bundle and
speech perception in noise. Ear Hear. 2004; 25:142–146.

16. Hood LJ. A review of objective methods of evaluating auditory
neural pathways. Laryngoscope 1989; 109(11):1745-8.

17. Berlin CI, Hood LJ, Wen H. Contralateral suppression of non-
linear click-evoked otoacoustic emissions. Hear Res. 1993; 71:1–11.

18. Anderson, John R. Cognitive psychology and its implications (6th
ed.), Worth Publishers. 2004.

19. Psychophysiological Investigation of Vigilance Decrement:
Boredom or Cognitive Fatigue? Physiology &Behavior. 2008; 93:
369–378.

20. Wright RD, Ward LM. Orienting of Attention. Oxford University
Press. 2008.

21. Load theory of selective attention and cognitive control. Journal of
Experimental Psychology. 2004.  133 (3): 339–54.

22. Fritz J B, Elhilali M, David SV, Shamma SA. Auditory attention—
Focusing the searchlight on sound. Curr Opin Neurobiol. 2007;
17: 437–455.

23. Froehlich P, Collet L, Morgon A. Transiently evoked otoacoustic
emission amplitudes change with changes of directed attention.
Physiol Behav. 1993; 53, 679–682.

24. Maison SF, Micheyl C, Collet L. Influence of focused auditory
attention on cochlear activity in humans. Psychophysiology. 2001;
38: 35–40.

25. Meric C, Collet L. Differential effects of visual attention on
spontaneous and evoked otoacoustic emissions. Int J
Psychophysiol. 1994; 17: 281–289.

26. Stephanie A. McMains Sabine Kastner, Visual
Attention,Encyclopedia of Neuroscience, 4296-4297.

27. Puel JL, Bonfils P, Pujol R. Selective attention modifies the active
micromechanical properties of the cochlea, Brain Res. 1988;
447:380-388.

28. Ferber Viart C, Duclaux R, Collet L, Guyonnard F. Influence of
auditory stimulation and visual attention on otoacoustic
emissions. Physiol. Behav. 1995; 57, 1075–1079.

29. Walsh KP, Pasanen EG, McFadden D. Changes in otoacoustic
emissions during selective auditory and visual attention. Journal of
the Acoustical Society of America. 2015;  137(5):2737-2757.

30. Wittekindt A, Kaiser J, Abel C. Attentional modulation of the
inner ear: a combined otoacoustic emission and EEG
study. Journal of Neuroscience. 2014;  34(30):9995-10002

31. De Boer J, Thornton AR. Effect of subject task on contralateral
suppression of click evoked otoacoustic emissions. Hearing
Research. 2007;  233(1–2):117-123.

32. Delano PH, Elgueda D, Hamame CM, Robles L. Selective
attention to visual stimuli reduces cochlear sensitivity in
chinchillas. Journal of Neuroscience. 2007;  27(15):4146-4153.

33. WiktorJedrzejczak W, Rafal Milner, Lukasz Olszewski,
HenrykSkarzynski. Heightened visual attention does not affect
inner ear function as measured by otoacoustic emission.

34. Avan P, Bonfils P. Analysis of possible interactions of an attention
task with cochlear micro mechanics. Hearing Research. 1992;
57(2):26-275.

35. ANSI. Maximum permissible ambient noise levels for audiometric
test rooms. New York: American National Standards Institute.
1999.

36. Goodman SS, Keefe DH. Simultaneous measurement of noise-
activated middle-ear muscle reflex and stimulus frequency
otoacoustic emissions, J. Assoc. Res. Otolaryngol. 2006; 7: 125–
139.

37. Henin S, Long GR, Thompson S. Wideband detection of middle
ear muscle activation using swept-tone distortion product
otoacoustic emissions, J Acoust Soc Am. 2004; 136:272–283.

Rao BS, et al.

J Phonet Audiol, Vol.6 Iss.1 No:20.6.144 5



 

Rao BS, et al.

J Phonet Audiol, Vol.6 Iss.1 No:20.6.144 6


	内容
	Effect of Visual Attention on Efferent Auditory System in Young Adults
	ABSTRACT
	INTRODUCTION
	Attention

	AIM OF THE STUDY
	SUBJECTS
	METHODOLOGY
	DPOAE
	CS-DPOAE

	RESULTS
	Comparision of three different conditions
	Comparison between the conditions

	DISCUSSION
	Visual attention influence on Moc
	Possible alternative explanations

	FUTURE RECOMMENDATIONS
	CONCLUSION
	REFERENCES


