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ABSTRACT
Hearing aid users face many problems and obstacles when choosing a particular
style of hearing aid. Completely-in-the Canal (CIC) hearing aids provide significant
acoustic benefit because the hearing aid delivers sound to a point very near the tympanic
membrane (ear drum), resulting in high frequency amplification and a reduction of the
occlusion effect that occurs when the ear canal is plugged. However, these styles can
encounter maintenance problems due to a build up of cerumen (ear wax) in the hearing
aid receiver. In addition to maintenance issues, the CIC cannot be worn by some hearingimpaired individuals because it cannot fit into the size and shape of their ear canals. A
new style of hearing aid, called the SeboTek PAC, claims to provide the acoustic benefits
of the CIC instrument without the drawbacks often encountered with the smaller CIC
instruments.
This study was designed to test the effectiveness of the device, specifically as it
relates to the manufacturer’s claims of a reduction of the occlusion effect, optimal high
frequency amplification, and increased speech understanding ability. It was expected that
because the speaker portion of the PAC hearing aids fits deeply in the ear canal, the high
frequency amplification, occlusion, speech recognition ability in quiet and noise, and
perceived benefit obtained using the new device would be comparable to that obtained
from CIC style hearing aids.
Ten adult subjects with high frequency sensorineural hearing loss were recruited
for this study. The subjects were already fit with and wearing CIC or ITC (In-the-Canal)
digital hearing aids. The subjects were seen in three visits spaced approximately 2 weeks
apart. A routine hearing test was performed to ensure that the subject’s hearing loss falls
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within the fitting range of the new PAC hearing aid. Before being fit with the new
hearing aid, the subject’s performance with their current hearing aid was assessed using
the California Consonant Test (CCT) (Owens & Schubert, 1977) to assess speech
understanding in quiet, the Quick Speech in Noise (QSIN) Test (Killion et al., 2001) to
measure the subject’s ability to hear speech in noise, the measurement of gain and
occlusion produced by the user’s current hearing aids, and the subject’s perception of
performance with their current hearing aids using a questionnaire, the Abbreviated Profile
of Hearing Aid Benefit (APHAB) (Cox & Alexander, 1995). The subjects were then fit
with the SeboTek PAC hearing aids and wore them for approximately 2 weeks. The
performance of the subjects using the SeboTek hearing aids was then measured using the
CCT and QSIN and measures on gain and occlusion. Results from the assessments for
both hearing aid conditions were compared statistically to determine how the PAC style
hearing aid compared to the subject’s own hearing aids.
The results indicated no significant difference between the subjects’ own hearing
aids and the SeboTek PAC style hearing aids on measures of occlusion, speech
understanding in quiet, speech understanding in noise, or perceived benefit. A significant
difference in high frequency gain did exist, with the subjects’ own hearing aids providing
an average of 5 dB more gain than the SeboTek PAC style hearing aids. However, the
significance of that finding for everyday living is questionable, given the lack of
difference in the other measures of hearing aid performance.
For the limited number of subjects in this study, it was concluded that the
SeboTek PAC style hearing aids would provide an acceptable alternative to the CIC style
hearing aids and that future research on the device is warranted.
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CHAPTER 1

INTRODUCTION

Hearing aid styles have continuously evolved over the past 50 years. From the
body-style hearing aids available in the mid-1900s, through the behind-the-ear style
hearing aids that became available in the 1960s, and through the smaller and smaller
custom instruments that were developed in the 1970s, 1980s and 1990s, an emphasis has
been placed on reduction in size and visibility. Today, the smallest hearing aids available
are the completely-in-the canal (CIC) style hearing aids, which are worn deep within the
ear canal. Besides being very cosmetically appealing, CIC style hearing aids provide
significant acoustic benefit because the hearing aid delivers sound to a point very near the
tympanic membrane (ear drum). This results in excellent high frequency amplification
(good amplification of the high-pitched sounds that are difficult for most individuals with
hearing loss to hear). A deep fit in the ear canal leads to a reduction of the occlusion
effect. The occlusion effect is caused by an increase in low frequency amplification and
leads to the “head in a barrel sound” that you hear when your ear canal is plugged.
(Greer, Clark & Martin, 2006)
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Even though there are acoustic benefits from the CIC hearing aid, there are
problems as well. For instance, the CIC cannot be worn by some hearing-impaired
individuals because it cannot fit into the size and shape of their ear canals. Also, CICs
routinely exhibit mechanical problems and break down because they are worn completely
within the warm, moist environment of the ear canal and are constantly exposed to
cerumen (ear wax).
One manufacturer, SeboTek, has developed a new hearing aid style, which they
believe will provide many of the acoustic benefits of the CIC instrument (e.g., better high
frequency amplification and reduced occlusion) without the drawbacks often encountered
with the small CIC instrument (e.g., difficulty of fit and maintenance issues).
Hearing aids to date have incorporated the hearing aid speaker into the body of
the device. SeboTek’s new style of hearing aid consists of a small speaker component
(which fits deeply in the ear canal) attached by a thin wire to a separate sound processor
(which is worn behind the ear). Because the hearing aid is split into two parts, the part
that is worn in the ear canal can be made smaller so that it fits comfortably deep into the
ear canal of almost all individuals, providing good high frequency amplification and
reduced occlusion. Moreover, the PAC style hearing aid is easier to repair if breakdowns
occur; the speaker can be quickly replaced in the clinician’s office rather than having to
send the hearing aid in to the manufacturer for repair.
The manufacturer of the PAC style instrument claims that this new style of
hearing aid has acoustic benefits similar to those obtained from CIC instruments. The
purpose of this study is to investigate those claims. Because the speaker portion of the
PAC hearing aid fits deeply in the ear canal, it is anticipated that the high frequency

2

amplification, occlusion, speech recognition ability in quiet and noise, and perceived
benefit obtained using the new device will be comparable to that obtained from CIC style
hearing aids.
Even though the PAC style hearing aid sounds promising, its benefits are
relatively untested. This study is designed to test the effectiveness of the device,
specifically as it relates to the manufacturer’s claims of a reduction of the occlusion
effect, optimal high frequency amplification, and increased speech understanding ability.
The specific research questions to be investigated are:
1. What is the size of the occlusion effect with the PAC style hearing aid as
compared to the listener’s current hearing aid?
2. What is the listener’s speech recognition in quiet and in noise with the PAC style
hearing aid as compared to the listener’s current hearing aids?
3. How much high frequency amplification is provided by the PAC style hearing aid
as compared to the listener’s current hearing aid?
4. What is the perceived benefit from the PAC style hearing aid as compared to the
listener’s current hearing aid?
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CHAPTER 2

REVIEW OF THE LITERATURE

2.1 Introduction
Every hearing aid is equipped with four basic circuitry components, which
include a microphone, an amplifier, a receiver, and a battery. The hearing aid
microphone picks up sound waves, or acoustic energy, in the air. The microphone
converts these sound waves from acoustic energy to electrical energy. The electrical
signal enters the amplifier which increases the intensity of the signal in proportion to the
needs of the listener. The hearing aid receiver then converts the electrical signal back
into acoustic energy because the ear does not process electrical signals. The battery of a
hearing aid supplies power to the hearing aid and can vary in size depending upon the
style of hearing aid. In general, the larger the battery, the longer it will last (DeBonis &
Donohue, 2004).
2.2 Hearing Aid Styles
Even though all hearing aids are equipped with the same basic components, they
come in different styles. The four most common styles are behind-the-ear, in-the-ear, inthe-canal, and completely-in-the-canal. Behind-the-ear (BTE) hearing aids, as the name
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suggests, are worn behind the ear and are connected to a hollow plastic hook which is
connected to the plastic mold, custom made to fit in the individual’s ear. The receiver,
microphone and amplifier are all built into the same case (see Figure 2.1a). Batteries on
behind-the-ear style hearing aids are relatively large which allows for longer wear
between battery replacements (DeBonis & Donohue, 2004). BTEs can be used by
patients with a mild to profound hearing loss, and are ideal for individuals with a high
frequency hearing loss. About 31% of all hearing aid users wear BTE style hearing aids
(Kirkwood, 2005).
In-the-ear (ITE) hearing aids are worn entirely in the concha and external auditory
canal. The amplifier, microphone and receiver are all housed in a plastic case that is
custom shaped using an impression of the user’s ear (see Figure 2.1b). This style of
hearing aid can typically be used by patients with mild to moderately-severe hearing
losses. This style hearing aid is still able to utilize relatively large batteries.
Approximately 38% of hearing aid wearers use ITEs, making this style the most popular.
In-the-canal (ITC) hearing aids fit entirely into the external auditory canal with a
small protrusion into the concha(see Figure 2.1c). Like the ITE, the circuitry is built into
a custom-molded plastic case of the ITC. However, in contrast, the ITC occupies the ear
canal and only a part of the concha. About 19% of hearing aid users wear ITC style
hearing aids.
Completely-in-the-canal (CIC) hearing aids are the smallest style of hearing aid.
CIC aids are so small that they are barely noticeable in ears because they are inserted
deep in the external auditory canal. The amplifier, microphone and receiver are all
housed in the case of this instrument which is also custom fit in the listener’s ear (see
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Figure 2.1d). This style of hearing aid can be used for hearing losses that range from
mild to moderate and are particularly well-suited to high frequency hearing losses.
Because CICs are the smallest style of hearing aid, they require the smallest batteries,
which must be changed often. Approximately 12% of hearing aid wearers use CIC style
hearing aids.
Each hearing aid style comes with its advantages and disadvantages and clinicians
work with their patients to choose the most appropriate style. There are multiple
parameters to examine when determining the best fit for the patient. These include where
the circuitry of the hearing aid is located on the device, comfort, cosmetic appeal, and
battery size.
BTE hearing aids are able to achieve greater gain and maximum output because
the microphone is separated from the receiver. Because the receiver and microphone are
separated, feedback is less of an issue for behind-the-ear aids. This style of hearing aid is
useful in background noise and can be worn by individuals with a mild to profound
hearing loss. However, the size of the BTE aids makes this style cosmetically
unappealing to some wearers.
In-the-ear hearing aids can be worn by individuals with most hearing losses. Full
shell ITE aids are the largest of the in-the-ear styles and the half shell is the smaller
version of the ITE aids. Although ITE aids are more cosmetically appealing to some over
the BTE style, they are prone to feedback problems as the size of the hearing aid
decreases because of the closer proximity of the microphone and receiver. Feedback can
be reduced by creating an ear piece that is tightly sealed and by positioning the
microphone as far from the receiver as possible.
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In-the-canal hearing aids require smaller batteries and are not appropriate for all
hearing losses because of the limit to their power. ITC aids are cosmetically appealing to
some because of their discreetness, but they are prone to mechanical problems due to the
amount of moisture and cerumen they are exposed to. This instrument is also prone to
feedback issues, again due to the proximity of the microphone and receiver.
Completely-in-the-canal hearing aids are very cosmetically appealing because of
their small size and discreetness. CIC style hearing aids provide increases in the usable
gain and provide significant acoustic benefits because the hearing aid delivers the sound
closer to the tympanic membrane, maximizing high frequency amplification. The outer
part of the ear, or pinna, provides amplification for the ear and because this style of
hearing aid does not obstruct the pinna it allows for the natural acoustic benefits of the
ear canal and concha to occur. The result is an increased amplification of high frequency
sounds. Another advantage of the deep fit is a reduction of the occlusion effect. Because
CICs fit deeply in the ear canal, there is a decrease in bone-conducted signals and
vibrations that create “hollow” quality to speech (Mueller & Ebinger, 1996).
There are also disadvantages to the CIC style hearing aid. The CIC cannot by
worn by all hearing-impaired individuals because it cannot fit into the size and shape of
their external auditory canals. Because of the size of the CIC style hearing aids
directional microphones cannot be incorporated. The benefits of directional microphones
include improved signal-in-noise ratios. Like the ITC style of hearing aids, CICs exhibit
mechanical problems and break down because they are worn completely within the
warm, moist environment of the ear canal and are constantly exposed to cerumen (Greer,
Clark & Martin, 2006).
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2.3 “Newer” Hearing Aid Styles
Recently, new styles of hearing aids have been introduced to the market. One
new style is an open fitting hearing aid, like Resound Air. Open fit hearing aids have a
mini behind-the-ear style case, which like the BTE includes the microphone, amplifier,
receiver, and battery. They differ from a typical BTE because attached to the end of the
tube is a small silicone tip that is designed to reduce the occlusion effect by leaving the
ear canal open (see Figure 2.2). This style of hearing aid amplifies hard-to-hear high
frequency sounds while allowing other sounds to still enter the ear normally
(http://www.resoundair.com/micro/consumer/listenning.htm).
Yet another variation of the BTE is the Vivatone. In this style a mini BTE case
containing the microphone, amplifier, and battery is worn behind the ear, but the receiver
portion is fit deeply in the ear canal (see Figure 2.3). The intent of this style of hearing
aid is to allow natural sounds into the canal while still amplifying those sounds that are
difficult for the patient to hear. These instruments also claim to reduce feedback by
separating the microphone and receiver and the occlusion effect by leaving the ear canal
open. This style is recommended for individuals with a mild to moderate hearing loss
(http://www.vivatone.com/index.html).
A final variation on the BTE style can be found in the SeboTek hearing aid. Like
the Vivatone style hearing aid, a mini BTE case containing the microphone, amplifier,
and battery is worn behind the ear. Also like the Vivatone, the receiver portion is
separate and fits down in the ear canal (see Figure 2.4). However, in the case of the
SeboTek instrument, the receiver portion is meant to fit into the bony portion of the ear
canal, completely occluding the canal, much like a CIC. SeboTek intentionally blocks
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the ear canal, unlike the open-fitting hearing aids, because the manufacturers believe that
the ear canal needs to be completely blocked in order for the directional microphone to
work effectively. A deep fit also allows for a good high frequency amplification and
reduced occlusion effect. Because this hearing aid is split into two parts, it is easier to
repair if breakdowns should occur. The speaker can quickly and easily be replaced in a
clinician’s office instead of being sent to the manufacturer for repairs
(http://www.sebotek.com/).
Manufacturers of each of these new style hearing aids claim that they reduce
occlusion effect, allow for optimal high frequency amplification, increase the signal-tonoise ratio, and enhance speech understanding ability. Although these new styles of
hearing aids sound promising, the benefits and disadvantages of each are relatively
untested.
2.4 Measures of Hearing Aid Performance
In order to determine the success of a hearing aid fitting, measures of hearing aid
performance must be conducted. These measures can range from measures of real ear
gain and occlusion, to measures of the subject's speech understanding in quiet and in
noise, to measures of the subject's perception of his or her own performance with the
hearing aid. Several such measures were completed for this thesis, and each is described
below.
Probe Microphone Measures. A probe microphone system can be used to
measure the sound pressure a hearing aid generates in the subject's ear canal. The test is
performed by placing a probe microphone near the tympanic membrane. The
measurement is done by first measuring the level of sound in the canal without the
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hearing aid in place. This is called the real ear unaided response (REUR). This
measurment provides information on the resonance characteristics of the ear canal and
concha. The real ear aided response (REAR) is then measured with the hearing aid
inserted on the subject and turned on. The REAR expresses the decibel level (in dB SPL)
generated by the hearing aid in the ear canal. The REAR shows how well the hearing aid
is working for the user by comparing it to the REUR. Specifically, the REUR is
subtracted from the REAR to determine the real ear insertion response (REIR), which
shows the gain of the hearing aid across frequency (Mueller, Hawkins & Northern, 1992).
A probe microphone system can also be used to measure the occlusion effect.
The occlusion effect is caused by excess low frequency amplification and leads to the
"head in a barrel sound" that can be heard when your ear canal is plugged (as it typically
is with a hearing aid). Occlusion occurs at frequencies of 1000 Hz or less and is the
result of the increase in sound-pressure level (SPL) in the external ear canal when the
outer ear is covered or blocked. (Greer Clark & Martin, 2006).
To measure the occlusion effect with a probe microphone system, a small probe is
first inserted into the subject's unoccluded ear (i.e. without the hearing aid). The subject
is instructed to vocalize a vowel "ee" with a consistent level around 60 dBSPL. The
probe microphone is placed near the tympanic membrane and records it as the "unaided"
response. The hearing aid is then inserted and the subject again vocalizes the vowel "ee."
The probe microphone now measures the "aided" response. The decibel difference
between the unoccluded and the occluded tests are calculated and displayed in a curve
which reveals the extent of the occlusion effect as a function of frequency (MacKenzie &
Mueller, 2004).
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Tests of Speech Understanding. Many tests have been developed to determine a
person’s ability to understand speech. There are a variety of types of tests that use
sentences, words, nonsense syllables and speech-in-noise to find valuable information
about the subject’s word recognition ability. Two different tests were used in this thesis.
One test, the California Consonant Test (CCT) was designed by Owens and Schubert in
1977 for individuals with high-frequency hearing losses. Each list of 50 target words is
presented in a closed set (multiple choice) format, with three incorrect choices. For
example, the target word "beach" would be presented, and the subject would have to
check that word from among the following four choices "beet, beep, beach, beak." A
sample CCT list is presented in Appendix A. This test was chosen because subjects with
high-frequency hearing loss, such as those who participated in this study, often have
trouble with this test because they are unable to differentiate consonants whose energy is
concentrated in high frequencies (DeBonis & Donohue, 2004).
The second test that was included in this thesis is the Quick SIN (QSIN) test. The
purpose of the QSIN is to determine the subject’s signal-to-noise ratio loss (Niquette,
Revit & Skinner, 2001). This test was chosen because it is a commonly used clinical test,
which can be completed in a short period of time. For this test, subjects listen to 6
sentences, each sentence at a progressively more difficult signal-to-noise ratio. The
number of target words correctly identified in each sentence is determined and used to
calculate the signal-to-noise ratio needed for 50% performance. Differences between the
signal-to-noise ratios needed for 50% performance indicate different hearing in noise
abilities; subjects who hear well in noise will need relatively low signal-to-noise ratios to
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achieve 50%, while subjects who hear poorly in noise will need higher signal-to-noise
ratios to achieve 50%.
Subjective Measures of Hearing Aid Performance. Subjective measures of
hearing aid performance are those that use the subject's opinion or perception of how the
subjects do with the hearing aid. Often these measures are in the form of a questionnaire.
Subjective measures are needed because often individuals can detect subtle differences
that cannot be measured with objective tests or on speech understanding tests given in a
clinic. The Abbreviated Profile of Hearing Aid Benefit (APHAB) (Cox & Alexander,
1995) is a questionnaire designed to measure the benefit a subject perceives a hearing aid
to have. The APHAB was chosen because it is the questionnaire of choice for many
audiologists in clinical practice. The benefits of the hearing aids are determined by
comparing the subject's perception of how they do unaided to how they do with a hearing
aid. Alternatively, the benefit of a new hearing aid can be determined by comparing the
subject's perception of the previous hearing aid to the new hearing aid.
2.5 Summary
The manufacturer of the SeboTek PAC style instrument claims that this new style
of hearing aid has acoustic benefits similar to those obtained from CIC instruments. The
purpose of this study is to investigate those claims. This study is significant because the
PAC hearing aid style is new to the market and relatively untested. If it can be shown that
the PAC hearing aid style provides benefits comparable to that obtained from the CIC
style hearing aid, clinicians would have more confidence in recommending this new style
to their patients who have been unable to wear CIC style hearing aids because of fit or
repair problems.
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The specific research questions to be investigated are:
1. What is the size of the occlusion effect with the PAC style hearing aid as
compared to the listener’s current hearing aid?
2. What is the listener’s speech recognition in quiet and in noise with the PAC style
hearing aid as compared to the listener’s current hearing aids?
3. How much high frequency amplification is provided by the PAC style hearing aid
as compared to the listener’s current hearing aid?
4. What is the perceived benefit from the PAC style hearing aid as compared to the
listener’s current hearing aid?
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Figure 2.1
(a)

(b)

(c)

Figure 2.2

(d)

Figure 2.3

Figure 2.4
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CHAPTER 3

METHODS

The purpose of this study was to determine the size of the occlusion effect with
the SeboTek PAC style hearing aids as compared to the subject’s current hearing aid, to
find how the listener’s speech recognition in quiet and in noise with the PAC style
hearing aid compares to the listener’s current hearing aids, to measure how much high
frequency amplification is provided by the PAC style hearing aid as compared to the
listener’s current hearing aid, and finally to determine the patient’s perceived benefit
from the PAC style hearing aid as compared to the listener’s current hearing aid.

3.1 Subjects
Ten adults with sensorineural hearing loss who were already fit with digital CIC
or ITC hearing aids were recruited for this study using the Speech and Hearing Clinic
database (See Appendix B for the Informed Consent, and Appendix C or the Recruitment
letter). The audiometric data for the ten subjects is presented in Appendix E. The
subjects were offered a small payment of $15 per visit plus $2 reimbursement for
parking.
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3.2 Procedure
The subjects were seen over a course of three visits each, lasting approximately
one hour. At the first visit, consent was obtained from the individuals and they were then
asked to complete a short questionnaire about their perception of performance with their
own hearing aids. Following the questionnaire, the subjects were given a standard
audiological evaluation to ascertain the type, degree, and configuration of their hearing
loss. The subjects then completed assessments of their speech understanding ability in
quiet and in noise. At the second visit, the subjects were fit with the new PAC style
hearing aids. Using a probe microphone system the occlusion effect was tested with the
listener’s current hearing aids and the SeboTek PAC style of hearing aids. The gain of
the subject’s current hearing aid and the PAC style hearing aid were measured using the
probe microphone system using standard clinical procedures (Mueller, 1992). The
subjects were asked to wear the new style of hearing aids for two weeks and on their third
visit they were asked to assess the perception of the hearing aid’s performance using the
same short questionnaire given to them at the first visit. Finally, speech understanding
ability in quiet and in noise was assessed with the patient wearing the PAC style aids.

3.3 Questionnaire
The subject’s perception of performance with his or her current hearing aids, and
after wearing the SeboTek PAC hearing aid was assessed using a questionnaire, the
Abbreviated Profile of Hearing Aid Benefit (APHAB) (Cox & Alexander, 1995). The
questionnaire is shown in Appendix D. The information collected was used to help the
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researcher understand the patient’s perceived benefits from the subject’s own digital
hearing aids and the SeboTek PAC style hearing aids. A repeated measures analyses of
variance was used to compare the patients’ perceived benefit from their own hearing aids
and the perceived benefit from the PAC style hearing aids.

3.4 Audiological Evaluation
The audiological evaluation consisted of an otoscopy, pure tone air and bone
conduction testing (masking when needed), and measurement of speech recognition
thresholds (SRT). All testing was completed using standard clinical procedures. The
evaluation was performed to ensure that the subject’s hearing loss fell within the fitting
range of the new PAC hearing aid and so that the hearing aid could be programmed
appropriately. The audiometric data for the subjects can be found in Appendix E.

3.5 Tests of Speech Understanding Ability
California Consonant Test (CCT) (Owens & Schubert, 1977) The CCT was
presented at 50 dB HL from a speaker located in front of the patient (0 degrees azimuth).
The test consists of 50 target words that are presented in a closed set. The subjects had a
list of four possible choices for each test item, and they were asked to mark their choice
after each of the 50 items and a percent correct score was assigned. The percent correct
scores were arc-sin transformed to stabilize the error variance (Studebarker, 1985). A ttest was then used to test for a significant difference between the scores obtained with the
patients’ own hearing aid and with the PAC style hearing aid. A sample CCT word list
can be found in Appendix A.
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Quick Speech in Noise Test (QSIN) (Niquette, Revit & Skinner, 2001) Hearing
aid performance in noise for both hearing aids was tested using the QSIN. For each test,
subjects heard six sentences in multi-talker babble and were asked to repeat the sentences
back. The sentences were presented at 50 dB HL through the front speaker (0 degrees
azimuth) and the speech babble was presented through the rear speaker (180 degrees
azimuth) starting at 25 dB HL, resulting in a signal-to-noise ratio (S/N) of +25 dB. As
the test progressed, the level of the speech babble increased in 5 dB steps (i.e., 30 dB HL,
35 dB HL, 40 dB HL, 45 dB HL, 50 dB HL). The tests were given twice for each subject,
as is standard in clinical practice. The signal-to-noise ratio loss is determined by
subtracting the total number of words that were repeated correctly by the subjects from
the standard score of 25.5 1 . The typical, normal hearing person requires a +2 dB SNR to
hear 50% of the words correctly (i.e. SNR 50= 2 dB). Sample test lists can be found in
Appendix F. A t-test was used to determine whether or not a significant difference
existed between the subjects’ own hearing aids and the PAC style hearing aids.

3.6 Probe Microphone Measurements
Probe microphone measures of hearing aid gain Real ear unaided responses and
aided responses, with both sets of hearing aids, were measured by placing a small
microphone in the subjects’ ear canals and presenting tones at soft (50 dB SPL),
moderate (60 0r 65 dB SPL), and loud intensity (80 dB SPL) levels with a swept pure
tone signal. Because of some inconsistency in the number of levels measured for each
1

The 25.5 value is a result of the Tillman and Olsen (1973) method of estimating the 50% point on the
psychometric function: highest SNR + ½ step size - # of correct responses = 25 + 2.5 - # of correct
responses = 27.5 - # of correct responses. In order to calculate SNR loss, 2 dB is subtracted from 27.5 dB
to give the 25.5 dB value.
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patient and each ear, data were only analyzed for moderate inputs (60 or 65 dB SPL) for
the right ear in 8 out of 10 subjects. The left ear was used for two of the subjects. A
paired samples t-test was used to determine whether or not a significant difference in
hearing aid gain existed between the subjects’ own hearing aids and the PAC style
hearing aids.
Occlusion Effect To measure the size of the occlusion effect, the subject was
asked to vocalize at a level of approximately 60 dB SPL (the patient was able to see the
sound level meter to monitor the level while a probe microphone measured the level of
sound in the ear canal). This was conducted under two conditions: 1) occluded with the
current hearing aid in place and 2) occluded with the SeboTek PAC hearing aid in place.
A repeated measures ANOVA was used to examine the occlusion effect under the two
different conditions.
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CHAPTER 4

RESULTS AND DISCUSSION

As stated in Chapter 3, the purpose of this study was to find how the listener’s
speech recognition in quiet and in noise with the PAC style hearing aid as compared to
the listener’s current hearing aids, to measure how much high frequency amplification is
provided by the PAC style hearing aid as compared to the listener’s current hearing aid,
to determine the size of the occlusion effect with the SeboTek PAC style hearing aids as
compared to the subject’s current hearing aid, to, and finally to determine the patient’s
perceived benefit from the PAC style hearing aid as compared to the listener’s current
hearing aid. The results from each of these assessments will be described, analyzed, and
discussed in greater detail in this chapter.

4.1 Abbreviated Profile of Hearing Aid Benefit
Figure 4.1 illustrates the subjects’ mean perceived benefit from the two styles of
hearing aids as measured using the Abbreviated Profile of Hearing Aid Benefit (APHAB)
(Cox & Alexander, 1995). The individual results for the subjects can be found in
Appendix G. As can be seen in the graph, there do not appear to be any noteworthy
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differences between the perceived benefit from the subject’s own hearing aids compared
to the perceived benefit from the SeboTek hearing aids for any of the four subscales.
A repeated measures two-way Analysis of Variance (ANOVA) (with withinsubjects factors of “hearing aid type” and “APHAB subscale”) indicated no significant
difference for the main effect of hearing aid type (F[1,9] = .17, p = 0.69). This finding
suggests that the subjects in the present study achieved about equal benefit from both sets
of hearing aids. The analysis did indicated a significant difference for the main effect of
APHAB subscale (F[3,7] = 6.98, p = 0.02), suggesting that subjects found the hearing
aids to be more beneficial in some situations than in others. Post hoc comparisons of the
subscale means found no significant differences between the BN (Background Noise),
RV (Reverberation), and AV (Aversiveness) subscales, but that the scores obtained on
the EC (Ease of Communication) subscale were significantly different from each of the
others. There was no significant interaction between hearing aid type and APHAB
subscale (F[3,7] = 1.220, p = 0.371), suggesting that difference in scores across subscales
was not related to the type of hearing aid worn.
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Figure 4.1

Abbreviated Profile of Hearing Aid Benefit
(APHAB)

Percentage of Time Subjects
Reported Difficulty

100.00
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70.00
60.00
Own Hearing Aid
SeboTek Hearing Aid

50.00
40.00
30.00
20.00
10.00
0.00
Communication
Ease

Noise

Reverberation

Aversiveness

4.2 California Consonant Test
Figure 4.2 illustrates the mean percent correct score obtained on the California
Consonant Test (CCT) (Owens & Schubert, 1977) when presented to the subjects in quiet
wearing their own hearing aids and the SeboTek hearing aids. Individual results are
given in Appendix H. The results show that the subjects performed about equally with
the SeboTek aids as compared to their performance with their own hearing aids.
The percent correct scores were arcsin transformed to stabilize the error variance
(Studebaker, 1985) before statistical analysis. A paired-samples t-test indicated no
significant difference in the arcsin transformed scores, t(9) = 1.30, p = 0.23 (two-tailed),
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suggesting that both the subjects’ own hearing aids and the SeboTek hearing aids provide
similar amplification of high frequency words in quiet.

Figure 4.2

California Consonant Test (CCT)
100%

Mean Percent Correct

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Score with Own Hearing Aid

Score with SeboTek Hearing Aid

4.3 Quick Speech in Noise Test
Figure 4.3 shows the mean signal-to-noise ratio (S/N) loss of the test subjects
when wearing their own hearing aids and the SeboTek hearing aids. Individual subject
results are shown in Appendix I. The results indicate that the average signal-to-noise
ratio loss was about the same for both types of hearing aids
A paired-samples t-test indicated no significant difference in the S/N loss
measured while wearing the two sets of hearing aids, t(9) =0 .31, p = 0.76 (two-tailed),
indicating that both sets of hearing aids performed equally well for listening in
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background noise. It is important to note that in the case of this speech test, a lower score
is better because the signal-to-noise loss is being measured.

Figure 4.3

Signal-to-Noise Ratio Loss (in dB)

Quick Speech in Noise (QSIN) Test
25
23
21
19
17
15
13
11
9
7
5
Own Hearing Aid

SeboTek Hearing aid

4.4 Occlusion Effect
Figure 4.5 illustrates the mean occlusion effect measured when the patients were
wearing their own hearing aids and when fit with the SeboTek hearing aids. Results are
shown for the right and left ears separately. As can be seen, the mean occlusion effect
appears to be reduced by about 5 dB when wearing the SeboTek hearing aids.
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A repeated measures two-way ANOVA (with within-subjects factors of “hearing
aid type” and “test ear”) indicated no significant difference for the main effect of hearing
aid type (F[1,8] = 3.86, p = .085). The analysis also indicated no significant difference
for the main effect of test ear (F[1,8] = 0.73, p = .42) and no significant interaction
between hearing aid type and test ear (F[1,8] = 0.37, p = .85). These findings indicate
that both sets of hearing aids result in equivalent occlusion, regardless of ear.
Even though the SeboTek hearing aids appeared to produce slightly less occlusion
in Figure 4.5, the differences were not large enough to be considered statistically
significant. Appendix J shows the data for the individual subjects. As can be seen eight
out of ten subjects demonstrated lower occlusion effects when wearing the SeboTek
hearing aid. However, the size of the occlusion effect was highly variable across
subjects. This variability is likely responsible for the lack of significant difference
between hearing aid type. So, even though the statistics did not show a significant
difference, the data for the individual subjects show some support for SeboTek’s claim
for reduced occlusion.
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Figure 4.4

Occlusion Effect
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dB of Occlusion
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SeboTek Hearing Aid
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0.0

Left Ear

Right Ear

4.5 Real Ear Aided Response
Figure 4.4 shows the mean high frequency average (HFA) real ear aided response
for the subjects’ right ears when fit with their own hearing aids and with the SeboTek
instruments. The individual results for the subjects can be found in Appendix K. The
average results show that subjects received approximately 5 dB more gain from their own
hearing aids that from the SeboTek hearing aids. It is noteworthy that 8 out of 10 of the
individuals acquired more gain from their own hearing aids than from the PAC style
hearing aids.
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A paired-samples t-test indicated a significant difference in high frequency
average gain, t(9) = -2.27, p = .05 (two-tailed), indicating that the subjects’ own hearing
aids provided significantly more gain than the SeboTek hearing aids.
Although the results of this particular test were found to be statistically
significant, they might not be clinically significant. The analyses described above found
no significant difference in the subjects’ ability to understand speech in quiet (see Figure
4.2), in noise (see Figure 4.3), or in perceived benefit from the hearing aids (see Figure
4.1), suggesting that the difference in hearing aid gain may not be meaningful to daily
life.

Figure 4.5

Hearing Aid Output (dB SPL)

Real Ear Aided Response
90.00
85.00
80.00
75.00
70.00
65.00
60.00
55.00
50.00
SeboTek Hearing Aid

Own Hearing Aid

High Frequency Average
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4.6 Anecdotal Observations
The study found that, on average, the subjects performed equally as well on
measures of speech understanding in quiet, in noise, occlusion, and perception of benefit
with the SeboTek PAC style hearing aids and the subjects’ own hearing aids. Individual
fittings and feedback from each of the subjects provided additional information on the fit
and performance of the PAC style hearing aid. Several such observations are noted
below.
Fitting issues were encountered with three or four of the subjects due to the lack
of experience with fitting this particular style of hearing aid. As a result, feedback from
the SeboTek PAC hearing aids occurred with those individuals, creating mild annoyance
and programming problems. For one or two of the subjects, the PAC style hearing aid
was difficult to fit because the size of the subjects’ ear canals was slightly smaller than
the smallest size tip that the PAC instrument could be fit with (7mm). This may suggest
that the PAC style hearing aid is not appropriate for all individuals and a smaller size tip
may be beneficial.
One individual in the study enjoyed his experience with the PAC style hearing aid
so much that he wanted to purchase the instruments. It was found that his individual
results reflected the averages that were found for each of the tests. There were no
subjects in the study who completely disliked the SeboTek PAC style hearing aids;
although two or three noted that they prefer their own current digital technology to the
PAC style instruments. This may be a result of the short period of time the subjects were
asked to wear the hearing aids, not allowing for them to acclimate to the new instruments.
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Although the PAC style hearing aid performed equally as well on most measures,
a second appointment following the SeboTek PAC hearing aid fitting would have been
beneficial to the subjects in order to fine tune the instruments. A follow-up appointment
would have been useful to make to the PAC style instruments perform at the optimal
level for the subjects in this study.
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CHAPTER 5

SUMMARY AND CONCLUSIONS

As previously stated, the purpose of this study was to determine if the SeboTek
PAC style hearing aid provided benefits similar to those typically seen with the CIC style
hearing aids. To that end, measurements were made of each subject’s high frequency
amplification, speech understanding in quiet and noise, occlusion, and perception of
benefit with both their own hearing aids and with the SeboTek PAC style hearing aid.
The study found that both hearing aid styles performed equally well on measures
of speech understanding in quiet, as measured using the CCT (Owens & Schubert, 1977),
in noise as measured using the QSIN (Niquette, Revit & Skinner, 2001), occlusion, and
perceived benefit as determined by the results of the APHAB (Cox & Alexander, 1995).
The subjects did, however, achieve significantly more high frequency gain using
their own hearing aids compared to the SeboTek PAC style aids (recall that a mean
advantage of 5 dB was noted). But, given that the subjects performed equally well on
measures of speech understanding ability in quiet and in noise and that the subjects
perceived both hearing aid styles to provide similar benefit, one must wonder if the 5 dB
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advantage provided by the subjects’ own hearing aid has much of a practical effect on the
everyday life.
The styles of hearing aids have drastically changed over the past 50 years. The
new technology that is on the market may allow hearing-impaired individuals who can
not use CIC instruments (because of degree of hearing loss, irregularly shaped ear
canals, or frustration with frequent repairs) to wear discreet instruments that provide
acoustic benefits that are comparable to that of current CIC technology. For the subjects
in this study, the SeboTek PAC style hearing aids would seem to be an acceptable
alternative to the more conventional digital hearing aids technology such as the CIC and
ITC hearing aids. Although more research needs to be conducted on the SeboTek PAC
style hearing aids, this study allows clinicians to feel comfortable in recommending a trial
period with the SeboTek PAC style hearing aids, particularly for patients who cannot
wear CIC style hearing aids.
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APPENDIX A
SAMPLE CALIFORNIA CONSONANT TEST LIST
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APPENDIX B
SUBJECT CONSENT FORM
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35

36

37

38

APPENDIX C
RECRUITMENT LETTER
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APPENDIX D
ABBREVIATED PROFILE OF HEARING AID BENEFIT QUESTIONNAIRE
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APPENDIX E
AUDIOMETRIC DATA
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SUBJECT EAR
1

2

3

4

5

6

7

8

9

10

250
Hz

500
Hz

1000
Hz

2000
Hz

4000
Hz

8000
Hz

WRT
score

Type of
Hearing Aid
CIC

right

30

30

55

75

85

NR

32%

left

25

25

55

85

85

NR

44%

right

35

35

40

40

45

65

58%

left

40

50

45

50

55

65

38%

right

60

75

75

65

60

75

8%

left

45

45

40

30

50

NR

46%

right

10

10

30

45

45

25

88%

left

10

10

15

50

55

NR

80%

right

50

55

65

65

65

65

26%

left

20

50

65

65

65

NR

60%

right

40

55

55

55

65

70

72%

left

30

50

50

55

55

70

76%

right

35

30

35

45

60

65

68%

left

40

35

45

50

65

65

76%

right

10

0

10

80

90

80

60%

left

20

10

0

75

90

80

68%

right

10

20

35

NR

NR

NR

50%

left

0

15

35

95

95

NR

68%

right

25

25

35

45

65

NR

84%

left

30

35

55

80

95

NR

24%

ITC

BTE

CIC

ITC

ITC

ITC

CIC

CIC

CIC

* Subject 3 had recently been fit with a BTE style hearing aid and had previously worn
an ITC style hearing aid.
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APPENDIX F
SAMPLE QUICK SPEECH-IN-NOISE LIST
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APPENDIX G
ABBREVIATED PROFILE OF HEARING AID BENEFIT RESULTS

48

SUBJECT
1

Scores
Own Hearing Aid
SeboTek Hearing aid

EC Scale BN Scale RV Scale AV Scale
25.00
47.83
70.67
58.17
25.00
18.50
27.00
68.50

2

Own Hearing Aid
SeboTek Hearing aid

10.50
1.00

41.67
16.83

24.67
28.25

93.00
28.83

3

Own Hearing Aid
SeboTek Hearing aid

4.67
24.75

29.17
54.00

37.33
55.00

39.50
43.50

4

Own Hearing Aid
SeboTek Hearing aid

28.83
10.17

68.67
24.67

48.83
29.60

12.00
8.33

5

Own Hearing Aid
SeboTek Hearing aid

29.17
29.17

78.83
78.83

74.83
72.40

66.50
57.40

6

Own Hearing Aid
SeboTek Hearing aid

6.50
27.33

14.60
24.80

12.33
33.33

31.33
4.67

7

Own Hearing Aid
SeboTek Hearing aid

22.50
24.67

18.50
31.33

18.50
33.33

10.17
10.17

8

Own Hearing Aid
SeboTek Hearing aid

9.80
9.25

31.00
31.25

25.00
25.00

27.60
57.20

9

Own Hearing Aid
SeboTek Hearing aid

35.17
18.50

72.67
54.17

70.67
37.50

74.67
74.67

10

Own Hearing Aid
SeboTek Hearing aid

5.00
37.67

56.00
64.17

78.67
71.50

1.00
53.00
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APPENDIX H
CALIFORNIA CONSONANT TEST RESULTS

50

Subject Score with Own Hearing Aid Score with SeboTek Hearing Aid
56%
44%
1
2

46%

52%

3

74%

70%

4

90%

98%

5

54%

54%

6

72%

72%

7

100%

62%

8

58%

48%

9

40%

46%

10

62%

64%

65%
19%

61%
16%

Mean
Standard Deviation
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APPENDIX I
QUICK SPEECH-IN-NOISE RESULTS

52

SUBJECT
1

Scores
Own Hearing Aid
SeboTek Hearing Aid

Test 1 Test 2 Average
20.5
14.5
17.5
12.5
21.5
17.0

2

Own Hearing Aid
SeboTek Hearing Aid

12.5
14.5

12.5
18.5

12.5
16.5

3

Own Hearing Aid
SeboTek Hearing Aid

23.5
10.5

24.5
8.5

24.0
9.5

4

Own Hearing Aid
SeboTek Hearing Aid

15.5
6.5

7.5
10.5

11.5
8.5

5

Own Hearing Aid
SeboTek Hearing Aid

15.5
25.5

23.5
25.5

19.5
25.5

6

Own Hearing Aid
SeboTek Hearing Aid

18.5
21.5

20.5
24.5

19.5
23.0

7

Own Hearing Aid
SeboTek Hearing Aid

7.5
19.5

8.5
13.5

8.0
16.5

8

Own Hearing Aid
SeboTek Hearing Aid

15.5
13.5

16.5
13.5

16.0
13.5

9

Own Hearing Aid
SeboTek Hearing Aid

25.5
21.5

25.5
20.5

25.5
21.0

10

Own Hearing Aid
SeboTek Hearing Aid

10.5
2.5

4.5
5.5

7.5
4.0

Mean Own Hearing Aid
Standard Deviation Own Hearing Aid

16.15
6.23

Mean SeboTek Hearing Aid
Standard Deviation SeboTek Hearing Aid

15.50
6.77
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APPENDIX J
OCCLUSION EFFECT RESULTS

54

SUBJECT
1

EAR
right
left

2

right
left

5.0
1.5

3.0
0.5

3

right
left

NA
2.5

NA
5.5

4

right
left

13.5
11.5

3.5
8.0

5

right
left

21.5
8.0

15.0
4.5

6

right
left

14.0
4.5

1.0
-4.0

7

right
left

10.0
6.0

4.0
-16.0

8

right
left

7.0
-5.0

26.5
6.0

9

right
left

9.5
12.0

-1.5
2.5

10

right
left

16.5
19.5

-10.5
10.0

9.90
6.90

4.20
9.20

Mean
Standard Deviation

Own Hearing Aid
SeboTek Hearing Aid
10.0
7.0
21.0
14.0
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APPENDIX K
PROBE MICROPHONE MEASURES OF GAIN RESULTS

56

Subject

SeboTek Hearing Aid

Own Hearing Aid

1

81

82

2

77

82

3

72

68

4

78

83

5

72

83

6

70

80

7

78

88

8

71

77

9

61

70

10

78

70

Mean
Standard Deviation

73.70
5.89

78.30
6.67
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