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Introduction and Review of the Literature
Auditory Processing Disorder (APD) is a difficult disability to define, although
researchers and Audiologists have been trying to define it for years. The American SpeechLanguage-Hearing Association (ASHA) organized a task force in 1995 to discuss APD. They
identified functions of the auditory system as being responsible for the following phenomena and
stated that APD was defined as a deficit in one or more of these areas:
•

Sound localization and lateralization

•

Auditory discrimination

•

Auditory pattern recognition

•

Temporal aspects of audition, including
o Temporal resolution
o Temporal masking
o Temporal integration
o Temporal ordering

•

Auditory performance decrements with competing acoustic signals

•

Auditory performance decrements with degraded acoustic signals (ASHA, 1996)
The concept of Auditory Processing Disorder (APD) first arose from teachers and parents

observing children who appear to have hearing difficulties yet display normal audiograms (Jerger
et al., 1991). “It is supposed that the child or adult frequently encounters listening situations in
which a specific deficit in auditory perceptual processing interferes with accurate
communication, leading, in a worst- case scenario, to a learning disorder and related deficits in
academic achievement” (Bellis, 1996).
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APD affects children and adults alike. The true prevalence is unknown, although the
research shows percentages ranging from 2-3% (Chermak & Musiek, 1997) to 10% (Katz, 2002)
in children. It is less clear how prevalent APD is in the adult population since the diagnosis is so
recent. According to Moore (2006), it may be even more prevalent in the elderly population than
in children who are identified. Another study states there are no estimates available for adults,
but they are at least similar to those of children (Jutras et al., 2007).
Despite the fact that ASHA defines APD, the fundamental issue with using the label APD
is there is no agreement as to what actually is APD (Moore, 2006). The original assessment of
auditory dysfunction and the diagnosis of APD date back to Kimura in 1961 (Musiek et al.,
2005). “After more than 20 years of dealing with issues related to central auditory processing,
the American Speech-Language-Hearing Association (ASHA) still lacks statements of consensus
on definition, identification procedures, or intervention practices” (ASHA, 1996). The current
battery used to diagnose this disorder is a series of subjective test measures. These tests may
also be influenced by other issues such as attention deficit disorder, cognitive deficit, emotional
disturbances, and other learning/language disorders (Jerger et al., 1999). Since there is no gold
standard for APD diagnosis, many children and adults are diagnosed through only the
professional judgment of the clinician. In some practices, APD is diagnosed simply through self
report or through the use of a single test that may not be a validated test (Moore, 2006). Cacace
and McFarland (2005), pointed out that our field needs to come up with a better way of
diagnosing APD because current methods are affecting how students are taught and how
clinicians are trained. The currently used tools depend too much on opinion and not on
controlled experiments. Since any one test in the battery can be affected by multiple factors,
these investigators believe we need to use a multimodality approach to diagnosis of APD
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(Cacace & McFarland, 2005). This could be accomplished by using a more objective test in
conjunction with the typically used subjective tests.
APD is thought to be a series of auditory deficits in the absence of peripheral hearing loss
(Moore, 2006). It is unknown where along the auditory pathway APD exists, which leads to
another problem in defining and diagnosing APD. The site of lesion can be anywhere along the
auditory pathway which leads from the periphery up to the auditory cortex. Many studies have
been conducted in attempt to isolate these lesions. Studies have examined different parts of the
pathway by using measures such as auditory brainstem response (ABR), middle latency response
(MLR), and late latency response (LLR). These studies have shown little differences in the
response of children with APD, as compared to that of normal controls, making them invalid
diagnostic tools (Purdy et al., 2002; Jerger et al., 1999). Jerger et al. (1999) conducted a study on
twin boys, one with and one without diagnosed APD. The researchers measured their evoked
electrical potential through scalp electrodes while delivering dichotic listening tasks using an
oddball paradigm. The authors showed that there were significant differences between the two
boys. A similar study was performed by Jerger et al. in 2004 with twin girls. Again, evoked
potentials were measured through scalp electrodes. In this study, Jerger and colleagues used four
target events: phonemic, semantic, spectral, and acoustic. The results revealed dramatic
differences between the two girls. In both studies, the twin with APD showed poor brain activity
across both hemispheres. It is believed that as a task becomes more difficult, the corpus
callosum will shift from using one hemisphere to distributing function between both. These
studies suggest that a deficit for APD may lie within the corpus callosum. More research is
needed in this area. It is also reported that this test is much more extensive and takes more time
than a clinician is willing to spend on one patient (Jerger et al., 1999; 2004).
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“The most frequently observed characteristic symptom of children with APD is their
difficulties in degraded listening conditions such as in the presence of competing speech or
background noise” (Muchnik et al., 2004). This is the same symptom seen in adults and has led
many to believe that APD occurs at the site of the crossed medial olivocochlear bundle (OCB),
which is thought to play a role in hearing in background noise (Muchnik et al., 2004).
The OCB is the first site of cross-over in the auditory pathway. It has two groups of
fibers: the medial OCB (MOCB) which innervates the outer hair cells (OHC) of the cochlea and
the lateral OCB (LOCB) which innervates the inner hair cells (IHC) of the cochlea. The MOCB
is made up of crossed and uncrossed fibers. Research has shown that the crossed MOCB affects
a phenomenon called otoacoustic emissions due to its innervation with the OHCs (Kakigi, 1997).
Otoacoustic emissions (OAEs) are thought to be sounds produced by the OHCs in the
cochlea and were first recognized by Dr. David Kemp in 1978 (Kemp et al., 1990; Glattke &
Kujawa, 1991; Clark et al., 2006). There are two main groups of emissions: spontaneous OAEs
(SOAE) and evoked OAEs (EOAE). SOAEs are emissions that are produced without any
stimulus, while EOAEs are emissions that are a by-product produced by the cochlea in response
to a stimulus introduced into the ear canal. Under the umbrella of EOAEs, there are two types:
transient evoked OAEs (TEOAEs) and distortion product OAEs (DPOAEs). TEOAEs are
recorded by introducing a click or tone burst to the ear. DPOAEs are formed when two different
frequencies, at different intensity levels, are placed in the ear and the response from the cochlea
is a distortion product of these two tones (Kemp, 1978; 1979). These emissions can be recorded
in the ear canal as they travel back through the middle ear and into the canal and picked up by a
microphone (Kemp, 2002). Since it is known that OAEs are a response from the cochlea and
more specifically the outer hair cells (OHCs), they can be used to estimate hearing loss in hard to
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test populations, newborn hearing screenings, and as a tool for differential diagnosis (Katz,
2002). It has also been suggested that OAEs can also be used to diagnose APD due to the
influence of the olivocochlear bundle (Sanches, 2006). OAEs would also be a good choice for
diagnosis due to the speed and objectivity of the test.
OAEs are different in adults versus children. One study explained that OAE amplitude
decreases with increasing age. The authors noted that this can be explained in many ways. One
is that neonates have smaller ear cavities and therefore the sound pressure level is greater,
leading to larger OAE responses. The change in response may also be suggestive of
developmental changes in cochlear mechanics with increasing age (Glattke & Kujawa, 1991).
Kemp et al. (1990) also discussed OAE differences between adults and neonates. Adults tend to
have a smaller response, or lower amplitudes, in the higher frequencies and a greater response
below 1000Hz. Adults also tend to have notches in their responses reflecting missing frequency
bands which usually do not associate with hearing loss. The average OAE response from an
adult is 10dB weaker than neonate emissions (Kemp, 1990). These differences in response must
be considered when measuring emissions in adults.
In a study performed by Kakigi et al. (1997), adult chinchillas were studied using
otoacoustic emissions to investigate the role of the crossed olivocochlear bundle (COCB). Five
chinchillas were anesthetized and a complete section of their crossed olivocochlear bundle was
cut while avoiding damage to other blood vessels. TEOAE measurements were recorded from
seven ears before anesthesia, after anesthesia, and after cutting the COCB. Results showed that
by sectioning the COCB, the overall TEOAE amplitudes were increased. These results suggest
that the COCB has an inhibitory control of the OHC. Other studies have shown that when the

8

Joseph
OCB is stimulated, the amplitude of the OAE will decrease, again suggesting the role of the
OCB on the OHC and suppression of noise in the auditory system (Kakigi et al., 1997).
Other researchers have investigated the connection between the OCB and the OHC by
using contralateral suppression during the measurement of an OAE. It has been discovered that
when noise is introduced to the opposite ear during an OAE, the amplitude of the emission will
be reduced. In a study conducted by Glattke and Kujawa (1991), they investigated the different
characteristics and clinical findings of OAEs. They showed that OAEs can be influenced by
contralateral stimulation, causing a suppression of the original response. Furthermore, they
pointed out that this effect is reversible and when the suppression is removed, the OAE response
will return to its original level (Glattke & Kujawa, 1991). De Ceulaer et al. (2001) later showed
that the amplitude of a TEOAE should decrease with increasing contralateral white noise.
Since a main complaint of many patients with APD is hearing in background noise, it has
been hypothesized that the OCB function may play a role in the cause of APD. A few studies
have been performed to test this theory. One study by Muchnik et al. (2004) used a total of 15
children, ages 8-13 years of age, with APD and 15 children without. APD was diagnosed
through a series of tests including the competing sentence test, speech-in-noise test, masking
level differences, gap detection, auditory brainstem response (ABR), TEOAEs, immittance
testing and acoustic reflex testing. An abnormal result on one or more APD tests in combination
with educational and/or behavioral symptoms related to APD was used as the inclusion criteria
for the APD group. The control group was comprised of children who were at or above average
intelligence with no history of speech, language or hearing disorder. Criteria for all subjects also
included hearing thresholds ≤15dB HL bilaterally, an air-bone gap ≤10dB HL, a speech
recognition threshold (SRT) ≤15dB HL, word recognition scores (WRS) within the normal
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range, normal tympanograms, present TEOAEs, normal contralateral acoustic reflex thresholds,
no history of neurological or medical disorder, and the APD group had to show normal ABR
results. Investigators measured the TEOAE levels with and without contralateral noise. Results
of this study demonstrated that the children without APD did show suppression of their
emissions while the children with APD had a significant reduction in the suppression effect. The
authors explained these results as an effect of the OCB function upon auditory skills of the
children with APD, explaining why these children experience difficulties hearing in noise
(Muchnik et al., 2004).
Another study by Sanches & Carvallo (2006) looked at a total of 51 children from 7 to 11
years old. In this study, they separated the subjects into three categories. The control group
consisted of 15 children who showed no language, auditory, speech, or learning disorders and
therefore did not demonstrate APD. They had to score >68% on the Speech in Noise test and
>85% on the Staggered Spondee Words Test (SSW) to qualify for this group. APD Group I
consisted of 20 children with confirmed APD through standardized behavioral tests. They
scored <68% on the Speech in Noise test in one or both ears and <85% on the SSW test. APD
Group II was made up of 16 children with confirmed APD. They scored >68% on the Speech in
Noise test in one or both ears and <85% on the SSW test. Investigators recorded TEOAEs from
each group with and without a suppression tone. Their results were consistent with those of
Muchnik et al. (2004), showing that lack of suppression in both APD group I and II was
significantly different than in the control group. The control group demonstrated a significantly
greater degree of suppression than either APD group. The authors believed this shows a
relationship between the OCB inhibition of cochlear response and performance on APD tests in
children (Sanches & Carvallo, 2006).
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These studies have suggested that there is a connection between APD and contralateral
suppression of TEOAEs, but there are still questions that remain. These studies all focus on
children with APD, and researchers have not performed these studies with young adult subjects.
In general, there is little information in the literature related to APD in young adults; subject
populations are mostly limited to children and the elderly. This is a disorder that affects young
adults, as well as these other populations (Keith, 1995). Young adults with APD are often
unable to completely understand what is said to them; they frequently ask for things to be
repeated. They also display difficulties in noise and are easily distractible. These patients may
have problems with speech discrimination and poor auditory memory. If a young adult has
normal hearing and has no cognitive deficits, but exhibits these behaviors, it may be beneficial to
assess both peripheral and central auditory function (Keith, 1995). Therefore, the current study
is designed to focus on young adults who report auditory processing difficulties through
subjective measures and who may exhibit poor performance on standard APD tests. Research
questions for the current study include:
a. How does the suppression effect in the current study compare to that of previous
studies; are there different norms needed for young adults than have been
suggested for children?
b. Is there a relationship between the subjective report of auditory processing
difficulties and level of OAE suppression?
c. Is there a relationship between auditory processing disorder test results and level
of OAE suppression?
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Methodology
The research protocol for this study was reviewed and approved by the Institutional Review
Board (IRB) and the Human Studies Committee at Washington University School of Medicine in
February 2008. All subjects signed an Informed Consent Form prior to participation in this
study.

Subjects
Subjects consisted of 20 young adults between the ages of 22-28 years (mean= 24.55, standard
deviation (sd)=1.79). Inclusion criteria included:
•

Normal bilateral peripheral hearing sensitivities ≤20dB HL for frequencies 500Hz4000Hz, established through pure tone screening.

•

Normal tympanograms with peak pressure between +20 and -30 daPa and admittance
between 0.3 and 1.2ml in both ears.

•

Present contralateral acoustic reflexes using a broadband stimulus of ≥65dB HL in
both ears.

•

Present TEOAE with a wave reproducibility of ≥75%. Low wave reproducibility
suggests noise contamination (Kemp et al, 1990). The current study used a limit of
75% or better to assure true responses.

Presence or absence of APD was affirmed on each subject through a series of three APD tests:
the Staggered Spondee Word Test (SSW), the SCAN-A test of auditory processing disorders in
adolescents and adults (SCAN-A), and the CID-22 Word Recognition Test with contralateral
competing speech noise.
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Equipment
Hearing thresholds were measured in a double walled, acoustically treated sound suite using a
GSI-61 clinical audiometer with 2 independent channels under EAR-LINK 3A insert earphones.
Middle ear pressure and compliance, as well as contralateral acoustic reflexes, were measured
using a GSI-33 middle ear analyzer. All APD tests were conducted through recorded tests using
an Insignia 2 channel CD player which was calibrated through the GSI-61 audiometer also under
EAR-LINK 3A insert earphones. An ILO292 DPEchoport cochlear emissions analyzer was used
to measure otoacoustic emissions inside the double walled sound suite. The software used was
the ILO88 program, version 5.61i and was attached to a Hewlett-Packard laptop computer to
record the emissions. Contralateral white noise was delivered at intensity levels of 40dB HL,
50dB HL, and 60dB HL during otoacoustic emission testing using the same EAR-LINK 3A
insert earphones.

Procedure
The following testing was conducted for each subject in the Program in Audiology and
Communication Sciences (PACS) at Washington University School of Medicine Student
Laboratory.

Subjective Questionnaire
All subjects were first asked to complete a subjective questionnaire. Questions were sampled
from Dr. Robert Keith’s Adult APD online questionnaire.
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Behavioral Testing
1. According to the ASHA screening guidelines, adults should be screened at frequencies
1000, 2000, and 4000 Hz to a level of 25dB HL to assure normal hearing (ASHA, 1997).
To complete the SCAN-A test of auditory processing disorder a subject must be screened
at frequencies 500, 1000, 2000, and 4000 Hz through air conduction to a level of 20dB
HL to assure normal hearing (Keith, 1995). Therefore, all subjects were screened using
the recommended SCAN-A procedure.
2. Each subject then participated in three APD tests: the Staggered Spondaic Word Test
(SSW), the SCAN-A, and the CID-22 Word Recognition Test with contralateral
competing speech noise. All APD tests were administered in random order for each
subject.
a. The Staggered Spondaic Word (SSW) Test is one of the most frequently used and
cited APD test in research (Riccio et al., 1996). It is a test where each ear has a
different two-syllable word presented at the same time in an overlapping fashion;
the second syllable of the first word overlaps with the first syllable of the second
word. This produces 4 conditions: right non-competing (RNC), right competing
(RC), left competing (LC), and left non-competing (LNC). The ear that receives
the first word alternates for each set. A carrier phrase, “are you ready”, precedes
each test item delivered to the ear receiving the first spondee. The subject is
asked to repeat both words and in the correct order. There are 40 sets of words.
This test is thought to correlate with language- based learning difficulties, such as
reading and spelling problems and auditory memory (Riccio et al., 1996). Errors
made on the SSW are associated with difficulties with oral directions, being
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highly distractible, poor auditory memory, as well as receptive language
impairment (Katz, 1973, 1977).
b. The SCAN-A test consists of four subtests. The first subtest is called “Filtered
Words”. This is a monaural test presented to each ear individually. The subjects
were asked to repeat 20 one-syllable words that have been low pass filtered
through 500Hz. The second subtest, “Auditory Figure Ground”, is also a
monaural test presented to each ear individually. In this test, the subjects were
asked to repeat one-syllable words in the presence of background noise presented
to the ipsilateral ear. These first two subtests are designed to mimic a real life
situation with a poor acoustic environment. They represent functional auditory
abilities in everyday listening situations. The third subtest is called “Competing
Words”. This is a dichotic test where the subjects heard two one-syllable words,
which are presented in an overlapping manner. The first 15 items start in the right
ear and the second 15 start in the left ear. The subjects were asked to repeat both
words in the correct order. The last subtest is called “Competing Sentences”.
This is also a dichotic listening test. The subjects heard a different sentence
presented in each ear. The subjects were then asked to repeat only the sentence
heard in the right ear for the first 10 sentences and the sentences in the left ear for
the second 10. The last two subtests are designed to reflect the development of
the auditory system, auditory maturation, and hemispheric specialization (Keith,
1995).
c. The CID W-22 word recognition test is a list of 50 phonetically balanced, monosyllabic words used in the clinic to test speech understanding. Lists were
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presented in a monaural fashion at 50dB HL to one ear at a time. Contralateral
speech noise was presented at a 0dB signal to noise ratio. The subjects were
asked to ignore the noise and repeat all words. All subjects were counterbalanced
for ear order.

Immittance and TEOAE Recordings
1. Tympanometric screening was performed on each patient to assure the absence of any
middle ear disorder. Presence of any disorder may affect obtaining accurate TEOAE
measurements.
2. Contralateral acoustic reflex thresholds were measured using a broad band stimulus to
verify that the contralateral white noise used during otoacoustic emission testing did not
exceed this threshold. This measure assures that TEOAE suppression is exclusively a
result of contralateral white noise and not due to the middle ear reflex (Hood et al., 1996).
3. Otoacoustic emissions were first measured for each ear without white noise in the
contralateral ear. The stimuli were delivered to the ears via an ILO otoacoustic emissions
probe. The peak noise rejection level applied was 47.3dB SPL. A non-linear click
stimulus was used to obtain the TEOAEs. The non-linear click level was adjusted to
elicit a peak pressure of 85dB SPL +/- 7dB.
4. Otoacoustic emissions were measured again using different intensity levels of
contralateral white noise (WN). Ear order and different presentation levels of WN were
randomly presented for each patient. Different levels of WN were used in view of
conflicting protocols described in previous studies (De Ceulaer et al., 2001; Sanches &
Carvallo, 2005). WN levels used in this study were 40dB SL (re: WN threshold), 40dB
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HL, 50dB HL, 55dB HL, and 60dB HL. After testing 20 ears under all conditions, it was
seen that the differences in the suppression levels for 40dB SL (re: WN threshold) and
55dB HL did not show a difference in the overall changes in amplitude that determined
whether there was a suppression effect or not for that subject. Therefore, these levels
were excluded from the study and the remaining subjects underwent 4 conditions per ear:
no WN, 40dB HL, 50dB HL, and 60dB HL of WN. Results from the first 20 ears under
all conditions are included in Appendix A.
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Results
Broadband Reflexes
Sub# 1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

RE

75 75 95

90 95

90 70

65

80 85

85

100 85

70

70

70

80

65

85

75

LE

75 70 100

85 90

80 65

75

80 80

80

105 90

75

80

80

90

65

70

70

Table 1: Results of contralateral broadband acoustic reflexes for all subjects.

Table 1 shows results of contralateral broadband acoustic reflexes for all subjects.
Thresholds ranged from 65dB HL- 105dB HL, which are all considered within normal limits for
the current study. The highest level of WN used was 60dB HL, which was below all subjects’
contralateral threshold to broadband noise.

Subjective Questionnaire
Subjects were first asked for a subjective report of auditory processing difficulties. Eight
subjects reported difficulties and 12 did not. Subjects were then asked to indicate which
descriptors they believe best identify them via excerpts from a subjective questionnaire. The
choices were as follows:
___Hyperactive
___Intelligent
___Distractible
___Self-sufficient
___Difficulty sleeping ___Don't try
___Easily frustrated ___Depressed
___Disorganized
___Anxious

___Helps others
___Short attention span
___Good memory
___Poor social skills
___Good social skills

The questionnaire then requested for the subjects to evaluate areas in which they experience
difficulties, if any. They were told to check as many as apply and then answer a yes or no
question about reading and writing.
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______ Not knowing letters and their sounds
______ Difficulty decoding individual words (when reading)
______ Poor understanding of what is read
______ Not attentive to instructions
______ Inadequate vocabulary
______ Poor spelling
______ Difficulty expressing thoughts in writing
______ Difficulty expressing thoughts in words (speaking)
______ Trouble comprehending speech
______ Poor handwriting (not legible)
______ Difficulty organizing a written composition
What is your attitude toward reading? ______________________________________
Do you reverse numbers or letters when reading or writing? ____________________

These descriptors and difficulties are considered symptoms of APD, which when
exhibited will lead to young adults being referred for APD testing (Keith, 1995). Subjects were
given 1 point for each box they checked. If they said they did not like to read they were given 1
point and if they stated that they do reverse numbers or letters when reading or writing they were
given another point. The researcher for the current study omitted choices “good memory” and
“good social skills” when calculating this value since these are not typical descriptors of people
with auditory difficulties (Keith, 1995). The total number of points possible was therefore 26
points. Figure 1 displays a box plot of the overall results for the current study. The mean of the
population from the current study was 7.05 with a standard deviation (SD) of 3.775. The
minimum value was 2 and the maximum value was 16.
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C as e His tor y R es ults
16

Number of APD symptoms

14
12
10
8
6
4
2
0

Curr e nt s t udy popula t ion

Figure 1: Current study population (all 20 subjects) results for APD symptoms indicated on
components of the subjective evaluation. The dot inside the box symbolizes the group mean, the
box signifies the standard deviation range +/- 1 SD, the line inside the box is the group median,
and the error bars indicate the upper and lower values.
Auditory Processing Disorder Tests
Twenty total subjects were tested using three Auditory Processing Disorder tests. Raw
data for each test is included in Appendix B. Following the methods of the Muchnik et al.
(2004) study, inclusion in the APD group for the current study was an abnormal performance on
one or more of the APD behavioral tests.

Staggered Spondee Words
The results from the SSW begin with calculating 8 cardinal numbers. These numbers are
determined by how many errors were made in each condition: RNC, RC, LC, and LNC for both
right ear first (REF) and left ear first (LEF) (Katz, 1973, 1977). From these numbers, many
other errors can be calculated to establish test performance.
Figure 2 shows results for all subjects on the SSW in regards to the ear effect. This is a
measure of errors relative to how the spondee was presented, either to the right ear first (REF) or
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the left ear first (LEF). A difference of 5 or more errors between ears is considered significant
(Katz, 1973, 1977). No subjects were considered abnormal based upon these measures.
SSW Ear Effect
5

Number of Errors

4
REF
3

LEF

2
1

0
1

2*

3

4

5

6*

7

8*

9

10 11* 12* 13* 14

15

16

17 18* 19 20*

Subject #

Figure 2: Results for all subjects on the SSW in regard to ear effect. Blue bars indicate the right
ear first condition and the purple bars indicate the left ear first condition. The subjects with a
star (*) next to their number symbolizes their subjective impressions of auditory processing like
behaviors.
Figure 3 demonstrates results for all subjects on the SSW in regard to order effect. In this
condition, the errors are calculated by marking when the error occurred, whether it was on the
first spondee or the second spondee; it does not matter if the words were presented under the
REF or LEF condition. A difference of 5 or more errors between ears is considered significant
(Katz, 1973, 1977). No subjects were considered to have a processing disorder based upon these
test results.
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SSW Order Effect
5

Number of Errors

4
First Spondee
3

Second Spondee

2
1

0
1

2*

3

4

5

6*

7

8*

9

10 11* 12* 13* 14

15

16

17 18* 19 20*

Subject #

Figure 3: Results for all subjects on the SSW in regard to order effect. The blue bars indicate an
error on the first spondee and the purple bars indicate an error on the second spondee. As in
Figure 3 (above), this graph denotes subjects who subjectively report processing difficulties with
a star (*) next to their subject number.

SCAN-A
Figure 4 shows results from the SCAN-A for all subjects. Results from the SCAN-A
affirmed that 5 subjects were considered “questionable” for a processing disorder and 15 subjects
were “normal”. Of these subjects considered “questionable”, two subjects subjectively consider
themselves to have processing difficulties. Six out of 15 subjects who were considered “normal”
through the SCAN-A stated they have processing difficulties.
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SCAN-A Results
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Figure 4: Results on the SCAN-A for all subjects.
Within each subtest, a raw score was computed which was then paired to a “standard
score”. The maximum standard score for each subtest is 16 (mean= 10, sd= 3). A score of 8 or
above is considered normal, a score of 4 to 7 is considered questionable and 3 or below is
indicative of a disorder. These subtest scores are combined into a “total test standard score”.
This score is then used to diagnose the subject. In Figure 4, a star (*) next to the subject number
denotes that the subject’s score is considered questionable. Subjects #1, 3, 6, 11, and 15 all fall
into this category. A carrot (^) in Figure 4 symbolizes the subject’s subjective classification of
auditory processing difficulties. Subjects #2, 6, 8, 11, 12, 13, 18, and 20 make up this group.
Subjects 6 and 11 are the only two subjects who subjectively reported auditory difficulties and
showed a questionable disorder through the SCAN-A test.
The SCAN-A also evaluates ear effect. When scoring the Competing Words subtest, if
there is a difference of 4 or more errors between ears, this is considered an ear advantage. Only
10% of normal adults tested show an ear advantage (Keith, 1995). Subject 15 displayed a raw
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score of 21 for the right ear and 28 for the left ear, which is indicative of a left ear advantage
(LEA). This could indicate an abnormal auditory system in this subject.

CID W-22 Word Recognition Test
Figure 5 shows CID word recognition scores (WRS) with contralateral speech noise for
all subjects. Scores ranged from 92% to 100%. There are no published norms for WRS in noise.
When scoring the CID W-22 in quiet, a score above 90% is typically indicative of excellent word
recognition abilities (Katz, 2002). No subjects fell below the excellent range in the current
study.
CID W-22 WRS with contralateral speech noise
100%

% correct

98%
96%
RE

94%

LE

92%
90%
88%
1

2*

3

4

5
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8*

9

10 11* 12* 13* 14

15

16
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Figure 5: Results for all subjects on the CID W-22 word recognition test with contralateral
speech noise. Blue bars indicate when the words were presented to the right ear with speech
noise in the left ear. The purple bars indicate when the words were presented to the left ear with
speech noise in the right ear. A star (*) next to the subject number denotes subjects who
subjectively report processing difficulties.

Subject Placement
After all answers were collected from the subjective interview and APD tests were
scored, subjects were placed into 2 different categories out of 4 possibilities: one category was
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those who subjectively report APD versus those who do not. A second category was those who
were determined to be questionable from the SCAN-A and those who were considered normal.
This means that each subject was placed into two separate groups. These two groups were later
compared to levels of TEOAE suppression. Table 2 demonstrates subject placement into the
described groups.
Yes, I subjectively report

No, I do not subjectively

processing difficulties

report processing difficulties

APD tests affirm I am
“Questionable”

6, 11

1, 3, 15

2, 8, 12, 13, 18, 20

4, 5, 7, 9, 10, 14, 16, 17, 19

APD tests affirm I am
“Normal”

Table 2: Subject Placement. The numbers in this table are the same subject numbers as seen on
previous graphs.

TEOAEs
All subjects had TEOAE responses measured at each ear. TEOAEs were excluded if
wave reproducibility fell below 75%. Two subjects produced reliable TEOAE responses in one
ear, but not the other; therefore only the reliable ears from those two subjects were included in
the study. One subject’s results were also removed for not producing reliable TEOAEs in either
ear. All reliable measures were included for analysis. Raw data for all TEOAE responses is
included in Appendix C.
In previous studies examining the relationship between TEOAE suppression and APD,
level of suppression was not defined by amount of suppression in dB level. Instead these studies
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examined the APD group as a whole and studied the overall amount of suppression compared to
the control group (Muchnik et al., 2004; Sanches & Carvallo, 2005). Muchnik et al. (2004)
analyzed the proportion of APD and control subjects with TEOAE suppression of ≤0.6dB and
≤1.0dB in at least one ear. The researchers found significant differences at both levels for the
APD group. Due to a lack of norms in previous studies, the current study was more conservative
in quantifying suppression. Suppression at each level of WN was considered a decrease in
TEOAE amplitude of 0.6dB or more. If the level changed by 0.5dB or less or if the amplitude
increased, this was considered a lack of suppression. For each subject, if there was a lack of
suppression for 2 out of 3 levels of WN in either ear, this was considered a subject without the
suppression effect.
Of 36 ears analyzed, 15 showed a lack of suppression for at least 1 WN level. Using the
criteria given, 7 subjects demonstrated a lack of the suppression effect. Three of these subjects
reported auditory difficulties while the other 4 reported no difficulties. Three of these subjects
are questionable through APD testing while 4 were normal. Finally only 1 subject stated
auditory difficulties and is also considered questionable for APD.
The two main hypotheses of the current study were comparing TEOAE suppression to
each group: those who subjectively report auditory processing difficulties versus those who do
not and those who were identified as “questionable” through auditory processing disorder tests
and those who were termed “normal”. A two-factor analysis of variance (ANOVA) was
performed to determine if there were significant differences among groups. It was found that
there are no statistically significant differences among TEOAE suppression and a subject’s
subjective report of auditory processing difficulties (40dB HL WN, f= 0.89, p= 0.855; 50dB HL
WN, f= 0.81, p= 0.713; 60dB HL WN, f= 0.62, p= 0.371).
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An ANOVA was also used to assess the variance between TEOAE suppression and those
who were identified as “questionable” through APD testing. It was found that there was no
statistical significance between these two groups for any level of WN (40dB HL WN, f= 1.15, p=
0.734; 50dB HL WN, f= 1.65, p= 0.308; 60dB HL WN, f= 1.14, p= 0.748).

Gender and Ear Effect
An unpaired, two-tailed t-test was performed to analyze the gender effect on TEOAE
suppression levels for the current study. Overall, suppression was seen in more females than
males in the current study, but there was no statistical significance at any WN level (40dB HL
WN, t= 1.07, p= 0.292, df= 31; 50dB HL WN, t= 1.32, p= 0.200, df= 22; 60dB HL WN, t= 0.46,
p= 0.652, df= 25).
An unpaired, two-tailed t-test was also performed to analyze the ear effect on TEOAE
suppression for the current study. Overall, more suppression was seen in the right ear than the
left ear, but no statistical significance was found for any level of WN suppression (40dB HL
WN, t= -0.65, p= 0.519, df= 34; 50dB HL WN, t= -0.37, p= 0.710, df= 33; 60dB HL WN,
t= -0.74, p= 0.466, df= 33).

TEOAE Response Levels
Two unpaired, two-tailed t-tests were performed to examine if there was a relationship
between overall TEOAE response level versus those who are “questionable” for APD and
TEOAE response versus those who subjectively report auditory processing difficulties. It was
found that there is no significance for the “questionable” APD group (t= 0.69, p= 0.511, df= 7).
Figure 6 shows results for overall TEOAE suppression and subjective auditory processing
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difficulties. For this group, the t-test showed a statistical significance, though not for subjects
who report auditory difficulties, but between the overall TEOAE amplitude and subjective report
of no auditory processing difficulties (t= -2.10, p <0.05, df= 34).

Overall TEOAE amplitude versus subject report of processing difficulties

TEOAE response amplitude (dB SPL)

22
20
18
16
14
12
10
8
6
yes

no

Figure 6: Box plot of subjects who reported processing difficulties versus no report of
difficulties compared to overall TEOAE amplitude. “Yes” indicates subjects who reported
difficulties and “no” indicates subjects who reported no difficulties. The dot in the middle
signifies the mean for each group, the box shows the standard deviation range +/- 1 SD, the line
inside the box indicates the median, and the error bars denotes the upper and lower levels for
each group.
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Discussion
The current study was designed to investigate if there was a relationship between young
adults who report difficulties processing auditory information and TEOAE suppression. The
investigator also examined if there were significant relationships between APD test results and
TEOAE suppression. Previous studies have shown a correlation between APD and TEOAE
suppression in young children (Sanches & Carvallo, 2005; Muchnik et al., 2003). The results
from the current study showed that there was no statistical relationship between any of the
variables in young adults.

Auditory Processing Disorder Test Discussion
Of the three APD tests used in the current study, the SSW, the SCAN-A, and the CID W22 words with competing speech noise, only the SCAN-A illustrated subjects as “questionable”
for APD. In the study by Muchnik et al. (2003), all subjects participated in three APD tests and
were considered part of the APD group when they fell 2 standard deviations below the mean in
one or more of the three tests. It is difficult to know whether these tests are sensitive enough to
determine APD in all subjects in the current study.
Clinical diagnosis of APD is concluded through a battery of different test measures. It is
known that the uses of subjective measures, such as parent/teacher report, are very important
when diagnosing APD. Sanches and Carvallo (2005) discussed that the current APD tests do not
have a high sensitivity and specificity. This makes it difficult to locate where the processing
disorder originates. The researchers also pointed out that hearing in noise is manifested in
various mechanisms along the auditory pathway, not only the efferent pathway. It was
emphasized in their research that the use of many different modalities, such as subjective,
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behavioral, and electrophysiological tests should be used in the diagnosis of APD (Sanches &
Carvallo, 2005).
The current study used excerpts from a subjective questionnaire to aid in the diagnosing
of subjects. A statistical analysis was performed on selected questionnaire items to determine
whether there was a relationship between subjective report of auditory processing difficulties and
APD symptoms and between APD test results and APD symptoms.
An unpaired, two-tailed t-test showed statistical significance for subjects who report
auditory difficulties (t= 2.52, p<0.05, df= 9). Figure 7 shows a box plot to demonstrate this
statistical analysis of subjects who report processing difficulties in relation to the questionnaire
items.

Number of APD symptoms versus subjective report of processing difficulties
16

Number of APD symptoms

14
12
10
8
6
4
2
0
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Figure 7: Box plot of subjects who reported processing difficulties versus no report of
difficulties compared to number of APD symptoms indicated by each subject. “yes” indicates
subjects who reported difficulties and “no” indicates subjects who reported no difficulties. The
dot in the middle signifies the mean for each group, the box shows the standard deviation range
+/- 1 SD, the line inside the box indicates the median, and the error bars denotes the upper and
lower levels for each group.
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Figure 8 shows the relationship between APD test results and subjective questionnaire
items. Overall, those who were considered “questionable” through APD testing indicated more
APD qualities and difficulties than those who were “normal”. An unpaired, two-tailed t-test
showed no statistical significance for subjects who were considered “questionable” through APD
testing (t= 1.47, p= 0.202, df= 5).
Number of APD symptoms versus SCAN-A results
16
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Figure 8: Comparison of APD symptoms with those who were considered questionable vs.
normal through APD testing. “Questionable” and “Normal” was determined through the SCANA. The dot in the middle signifies the mean for each group, the blue box shows the standard
deviation range +/- 1 SD, the line inside the box indicates the median, and the error bars denotes
the upper and lower levels for each group.

White Noise Level Effects
Different levels of white noise were used in the current study to determine the optimal
level to cause the suppression effect. It was seen that as the level of white noise was increased,
the amount of suppression also increased. This supports previous studies that have looked at the
relationship between noise level and contralateral suppression (Hood et al., 1996; Collet et al.,
1990). Collet and colleagues used a continuous click level and varied the contralateral white
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noise level between 0- 50 dB SPL. The researchers found that white noise below 30dB SPL had
no suppression effect, but white noise between 30 and 50dB SPL was best (Collet et al., 1990).
Hood and colleagues (1996) also examined different levels of contralateral white noise to
determine the optimal level to cause the suppression effect. The level of white noise was varied
between 10dB above and below the click level. These researchers found that the best level of
white noise was 50dB SL (re: threshold of white noise). In the current study, it was seen that the
best suppression was obtained at 40dB HL of white noise, which is equal to 60dB SPL.
Thresholds for white noise were measured on the first 10 subjects and were between -10dB and
0dB. Using the criteria recommended by Hood et al. (1996), 50dB SL (re: threshold of white
noise) would also be between 40dB and 50dB HL and therefore the suppression level found in
the current study was comparable to these previous studies.

Gender and Ear Effect
Statistical analysis was performed on the current study results to determine if there were
significant differences in TEOAE suppression due to gender or ear effect. In previous studies
examining TEOAE suppression, there has not been discussion of ear or gender effects. There is
much research on gender and ear effects of overall TEOAE response. The current investigator
performed an analysis to determine gender/ear effects on TEOAE suppression level and if the
results are comparable to previous studies on overall TEOAE amplitude response.
There have been previous studies suggesting that women have more robust OAE
amplitudes than men (Kei et al., 1997). Bowmen, Brown, and Kimberley (1999) studied gender
effects on otoacoustic emissions in adults. They confirmed previous research, but suggested that
this difference in response amplitude was due to different cochlear lengths between men and
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women (1999). Thornton, Marotta, and Kennedy (2003) also examined OAE sex differences and
discovered that gender differences seen in others studies may have been influenced by order
effect. The researchers also confirmed previous results showing that females produced a
response 1.5dB higher than in males. When the right and left ears were separated and only the
ear measured first was included in analysis, this difference was minimal. Statistical analysis for
the current data showed similar results to previous studies on TEOAE response levels in men
versus women.
According to Kemp (2002), OAE amplitudes can be very different between individuals
with normal hearing, but the differences between left and right ears in an individual should be
quite similar. Sanches and Carvallo (2006) did examine the amount of suppression in their study
for left versus right ear. It was found that there were no significant differences between ears.
Similar results were discussed in the study by Muchnik et al. (2004). In the current study no
significance was found for any level of WN suppression. This supports previous research by
Sanches and Carvallo (2006) and Muchnik et al. (2004).

TEOAE Response Levels
Muchnik et al. (2004) discussed that results from their research showed that children with
APD had an overall higher TEOAE levels than the control group. The researchers associated
this with a reduced strength of the MOCB system function effect on the OHC (2004). The
current results were examined for similar findings. Unlike the Muchnik et al. (2004) study,
TEOAE amplitudes were statistically higher for those who do not report processing difficulties
than those who do report difficulties (p <0.05).
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Case Studies
Although results from the current study revealed no statistical significance between
young adults who report difficulties processing auditory information and TEOAE suppression,
there were a few cases studies that were of interest to the current study.

Subject 9
Subject 9 reported no auditory processing difficulties and indicated 7 out of 26 APD
symptoms on the questionnaire. The subject therefore falls within 1 SD of the study population
which consists of 68.2% of all subjects. APD testing confirmed no processing disorder and
TEOAEs were positive for the suppression effect in both ears. Figure 9 shows the SCAN-A
results for Subject 9.
Subject 9- SCAN-A Results
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Figure 9: Results from the SCAN-A for Subject 9.
The SCAN-A results in combination with the SSW and CID W-22 word recognition test
with contralateral speech noise revealed that Subject 9 does not have an auditory processing
disorder. The score on the Auditory Figure Ground subtest does fall within the “questionable”
range, but the overall score is considered “normal”.
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It can be seen in Figure 10 that Subject 9 exhibits the suppression effect for each level of
WN in both ears. This case is of interest because it demonstrates what one would expect to see
in a patient who does not have auditory processing disorder.

Subject 9- TEOAE Suppression
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Figure 10: TEOAE levels for Subject 9. The blue line signifies the left ear and the pink line
signifies the right ear. The x-axis indicates each level of contralateral white noise. 0 = no white
noise. The y-axis indicates the level of TEOAE response in dB SPL.

Subject 11
Subject 11 stated auditory processing difficulties and indicated 16 out of 26 symptoms
through the subjective questionnaire. This places Subject 11 3 SD above from the mean,
signifying a negative deviation from the norm of the current study. Less than 1% of the study
population falls within this range.
Through the SCAN-A test, Subject 11 was considered to be questionable for this
disorder. Results from this test revealed that Subject 11 is questionable for an auditory
processing disorder. The score on the Auditory Figure Ground subtest falls within the
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“questionable” range and Competing Sentences is considered a “disorder”. This indicates a
problem in both the monaural and dichotic listening conditions for subject eleven. Figure 11
shows the SCAN-A results for this subject. Subject 11 also scored 100% in the right ear and
98% in the left ear on the CID W-22 words and had two errors in the right competing condition
on the SSW. When ear and order effect were analyzed for the SSW, Subject 11 had 2 errors in
the REF and 1 error in the LEF condition. This subject also had 2 errors on the first spondee.
When TEOAEs were measured, Subject 11 showed a lack of the suppression effect.
Subject 11- SCAN-A Results
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Figure 11: Results from the SCAN-A for Subject 11.
Figure 12 shows TEOAE suppression results for Subject 11. A lack of suppression can
be seen for both 40dB HL and 50dB HL of WN for the right ear and for 40dB HL of WN in the
left ear. This validates what previous research has shown with children demonstrating auditory
processing disorders: an auditory processing problem and a lack of TEOAE suppression with
contralateral WN.
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Subject 11- TEOAE Suppression
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Figure 12: TEOAE levels for Subject 11. The blue line signifies the left ear and the pink line
signifies the right ear. The x-axis indicates each level of contralateral white noise. 0 = no white
noise. The y-axis indicates the level of TEOAE response in dB SPL.

Subject 2
Subject 2 is believed to have a processing disorder through subjective report and the
indication of 13 out of 27 APD symptoms on the questionnaire. This places the Subject 2 SD
above the mean, signifying a negative deviation from the norm of the current study. Only 4.6%
of the study population falls within this range. Auditory processing testing revealed no disorder,
while TEOAEs did show a lack of the suppression effect. Figure 13 shows results SCAN-A
results for this subject.
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Figure 13: Results from the SCAN-A for Subject 2.
These results combined with a normal score on the SSW and the CID W-22 words with
contralateral competing speech noise indicated that this subject does not have an auditory
processing disorder. As may be seen in Figure 14, TEOAEs show a lack of suppression in
Subject 2. In the right ear, the amplitudes actually increased in all WN conditions. The left ear
shows a lack of suppression at 40dB HL of WN.
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Subject 2- TEOAE Suppression
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Figure 14: TEOAE levels for Subject 2. The blue line signifies the left ear and the pink line
signifies the right ear. The x-axis indicates each level of contralateral white noise. 0 = no white
noise. The y-axis indicates the level of TEOAE response in dB SPL.
Subject 8 had results similar to those of subject 2. This subject indicated auditory
processing difficulties through subjective report, but was deemed normal through APD testing.
Subject 8 also had a lack of suppression at each WN level for the right ear. These cases are of
particular interest because it questions whether the APD testing was sensitive enough to detect a
processing disorder.

Subject 17
Subject 17 is not believed to subjectively demonstrate an auditory processing disorder
and indicated only 3 APD symptoms on the questionnaire. This places Subject 17 2 SD below
the mean for the current study, signifying a positive deviation from the norm. This lack of
processing difficulties was confirmed through APD testing, while TEOAEs did not show
suppression. This was the only subject to show a lack of suppression for all conditions: for each
WN level in both ears. Figure 15 shows results from the SCAN-A for Subject 17.
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Subject 17- SCAN-A Results
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Figure 15: Results from the SCAN-A for Subject 17.
SCAN-A test results show that Subject 17 is at or above the mean for each subtest with
an overall classification of normal. This subject also scored 98% on the CID W-22 words in
both ears. On the SSW, Subject 17 had two errors in the left competing condition. When
analyzing ear and order effect, Subject 17 had one error in each condition: LEF, REF, first
spondee, and second spondee.
Figure 16 demonstrates TEOAE suppression for Subject 17. TEOAEs for this subject
reveal a lack of the suppression effect at both ears for all WN levels.
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Subject 17- TEOAE Suppression

amplitude of TEOAE (dB SPL)

20.5
20.2

20.2

20.2

20

20

19.5
19

left ear

19

18.9

right ear

18.8

18.5

18.4

18
17.5
0

40

50

60

levels of suppression (dB HL)

Figure 16: TEOAE levels for Subject 17. The blue line signifies the left ear and the pink line
signifies the right ear. The x-axis indicates each level of contralateral white noise. 0 = no white
noise. The y-axis indicates the level of TEOAE response in dB SPL.
Subject 10 had similar results to Subject 17. This subject indicated no auditory
processing difficulties through subjective report, which was observed through APD testing.
Subject 10 also had a lack of suppression at both 40dB HL and 50dB HL of WN level for the
right ear and TEOAE amplitude increased for all WN levels in the left ear. These cases are also
of particular interest because they show the opposite of what previous studies have shown. If
OAE suppression was used to determine APD, these two cases would be misdiagnosed. It is
important to note these cases to illustrate that TEOAE suppression may be used to diagnose
APD, but needs to be used in conjunction with the other traditional behavioral APD tests.

Study Limitations
Results in the current study differ from previous studies investigating the effects of APD
on TEOAE suppression (Sanches & Carvallo, 2005; Muchnik et al., 2003). There were
significant differences between the current study and previous studies that may have affected
results of the current study.
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The most significant challenge to the current study is the small number of subjects and
the lack of subjects who were diagnosed with auditory processing disorder. Although the current
results suggest that TEOAE suppression does not significantly relate to APD, this may be due to
the small study population. These findings may not be a true reflection of the total population. It
is also important to point out that lack of the suppression effect was seen in “normal” subjects
who reported no difficulties with processing auditory information. This may suggest that
TEOAE suppression is a valuable tool to add to the current test battery, but not be used
independently.
Reproducibility of the data is important for statistical significance. There is an inverse
relationship between reproducibility of the data and the number of subjects used. If there are a
large number of subjects, the data reproducibility can be lower, and if the data reproducibility is
higher, a study does not need as large a sample population. In the current study there were 20
subjects, a statistically small number, and TEOAEs were considered part of the study if the wave
reproducibility was above 75%. Statistical analysis may yield a greater degree of significance if
wave reproducibility for all subjects were higher or if there was a larger subject pool.
Unlike past studies that only studied children between the ages of 7 and 13 years who had
been previously diagnosed with a processing disorder, the current study was performed on young
adults. It is more typical for APD studies to be performed on children since this is where much
of the APD diagnosing occurs. This age difference could have an effect on the results since
OAEs are different in children than adults (Kemp, 1990).
The previous studies of APD effects on TEOAE suppression assume that the lack of
suppression is due to a reduced auditory inhibitory function at the level of the MOCB. As
discussed earlier, this leads to difficulties for these children in the presence of background noise
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(Sanches & Carvallo, 2005; Muchnik et al., 2003). The current study attempted to focus on
subjects who experience difficulties in background noise and APD tests were chosen to reflect
those difficulties. A study by Clarke et al. (2006), compared children with specific language
impairment and their TEOAE suppression. They found no significant correlation between the
language disorder and the suppression effect. It was concluded that these children do not have
auditory processing problems at the level of the MOCB. The current study may have
demonstrated similar results. Those subjects who reported difficulties processing auditory
information may have a disorder present, but at a different level along the pathway. The current
study may have also used different APD tests that were more sensitive to this specific site.
De Ceulaer et al. (2001) performed a study in order to determine TEOAE suppression
norms. The researchers used subjects aged 11- 52 years to conduct their study. It was found that
many problems arise when finding the correct level to produce the best suppression effect. It
was discussed that the suppression seemed to be “locked” to a certain intensity level, which may
be different for each person. They also discussed that each individual produces a different
TEOAE response, which may be reflected in the level of suppression (De Ceulaer et al., 2001).
Hood and colleagues (1996) and Collet and colleagues (1990) also discussed norms in their
research, which are different than those discussed by De Ceulaer and colleagues. Without
having clinical norms, it is difficult to determine if TEOAE suppression is significant when
making a clinical diagnosis such as auditory processing disorder. Although the current study
used a small subject population, the results suggested that clinical norms need to be determined
for young adults.
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Future Research
Case studies reported in the current study revealed that there are some remaining
questions about the suppression effect in young adults. Subjects 10 and 17 both reported no
auditory processing difficulties and scored above the mean on all APD tests, yet they showed a
lack of the suppression effect. This illustrates why continued research in this area is important.
If this study were conducted with a larger sample pool and a distinct control group (no
APD) and an experimental group of young adults who have been diagnosed, one could examine
if there is more of a trend than what was found in the current study. Since there is so little
research investigating young adults with APD, this would be a beneficial to clinicians and the
many young adults experiencing these difficulties.
Audiologists will experience patients who are describing difficulties in noise, but display
normal hearing. It is beneficial to have additional tests that are more sensitive than those used in
clinical practice today (Sanches & Carvallo, 2005). If the use of TEOAE suppression has been
useful in diagnosing children with APD, it is important to understand how this translates to
young and older adults.

Conclusion
Previous research has demonstrated that children with auditory processing disorder have
a lack of suppression on their TEOAEs. The current study was designed to test this hypothesis in
young adults experiencing difficulties in background noise. It was found that there is no
significant relationship between subjective report of auditory processing difficulties and
suppression of TEOAEs. APD test results also showed that there was no significant relationship
between results and TEOAE suppression. Suppression was observed in subjects who were
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considered questionable for the disorder as well as in subjects who were considered normal. It
was seen that subjective measures, such as a questionnaire, is beneficial when diagnosing a
patient with APD, and therefore use of many modalities is important in the test battery. Future
research is needed to determine if, in addition to the questionnaire, there is a more objective test
that can be utilized for young adults such as TEOAE suppression.
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Appendix A

TEOAE responses for the first 10 subjects including WN levels of 40SL (re: WN threshold) and
55dB HL. Numbers at the top of the 40SL box indicate the subject’s WN threshold. For
subjects whose thresholds were 0dB, an extra 40dB HL TEOAE measurement was not measured
and therefore did not test (DNT) is specified.
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Appendix B
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APD test results for all subjects. WRS denotes the percent correct for each subject on the CID
W-22 word recognition test with contralateral competing speech noise. Ad indicates the right ear
and As indicates the left ear. FW= filtered words subtest, AFG= auditory figure ground subtest,
CW= competing words subtest, and CS= the competing sentences subtest. Scores are reported
for each ear individually, with a raw score in the “total” box which equals the standard score
listed after. In the SCAN T column, the raw score and standard score are reported with an “N”
indicating normal or a “Q” indicating questionable. The SSW is divided into scores for all 4
conditions: RNC, RC, LC, and LNC.
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Appendix C
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TEOAE data for all subjects. “Stimulus” specifies the peak stimulus level in dB SPL,
“response” shows the TEOAE amplitude response in dB SPL, and the “wave rep.” indicates the
percentage of wave reproducibility. “CNT” denotes could not test due to low wave
reproducibility. The first column was measured without WN and the subsequent columns show
each level of WN from 40 to 60dB HL. The number above each stimulus reveals the amount of
suppression in dB. Numbers in red signify the TEOAE amplitude increased with WN and
yellow implies the suppression was ≤0.5 dB.
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