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Real ear measurements are being used to predict

and validate hearing aid fittings. The purpose of

this study was to investigate the relationship between

the hearing aid response as measured by real ear

measurements to pure tone hearing thresholds and ear

canal resonance. In order to test this hypothesis

clinically, data were collected from 13 satisfied

hearing aid wearers of 24 custom canal hearing aids.

Results revealed that pure tone thresholds and

canal resonance together is not a significant

predictor of hearing aid response as measured by real

ear measurements, at 500, 1000 and 2000 Hz. But at



3000 and 4000 Hz, ear canal resonance is a significant

addition to the fitting model of pure tones.

Because of the limited sample it can be stated

that canal resonance appears to be a significant

predictor of hearing aid response as measured by real

ear measurements at 3000 and 4000 Hz.
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Predicting In Situ Hearing Aid Response

from Pure Tone Hearing Tests and Ear Canal Resonance

Chapter I

Introduction

Hearing aids are devices fitted to hearing

impaired people to compensate for their hearing

impairment. Audiometric testing is done to determine

the degree of hearing impairment using tones of

certain frequencies and varying intensity. The

electronic capacities of hearing aids have improved

dramatically in the last 10 years. Hearing aids are

now built and adjusted for the intensity and frequency

requirements that are needed for an individual hearing

loss.

Even with current sophistication and technology,

hearing aids cannot yet be fit with an objective

prescription method 100 percent of the time (Berger,

1987). Hearing aids are selected and fit to the

hearing impaired person in one of two vastly

different ways. The first is the comparison method,

where the patient is evaluated to find the best

fitting hearing aid using speech discrimination scores
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and self evaluation of conversation while wearing

several different models or brands (Carhart, 1946).

In this method a hearing aid candidate evaluates three

to tour different hearing aids by repeating a list of

words while wearing each hearing aid. The hearing aid

worn while producing the highest word understanding

score is considered the best fit.

The second method of hearing aid selection is to

use a prescriptive formula, "to select hearing aid

performance from audiological and patient history

data" (Preves, 1987a, 150). Using this procedure a

mathematical conversion formula is used to provide a

target hearing aid fitting and then the patient is

asked to evaluate the hearing aid in their listening

environment and report on the results.

Neither method works 100 percent of the time. In

fact, many variations of these formulas and procedures

have been developed trying to arrive at an optimum or

perfect hearing aid fitting (Berger, 1987). It has

been suggested that a universal fitting process for

hearing aids needs to be developed to more
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accurately and effectively provide hearing help for

the hearing impaired (Mahon, 1986). More testing and

evaluation may be needed to improve the hearing aid

fitting process. This increased testing and

evaluation may be needed to define some of the

individual variables that are not yet addressed in the

hearing aid fitting process. The overall goal of the

fitting process is to be able to fit a hearing aid

accurately from a test battery consistently across the

total population.

One of the variables not defined in hearing aid

fittings is the resonance or effects of the external

ear and ear canal. Because of recent improvements in

probe tube microphone measuring equipment, the effects

of the external ear can now be accurately measured in

the hearing aid dispenser's office (Preves, 1987a).

This procedure is referred to in the literature as in

situ or real ear measurement (Preves, 1987a). Many

hearing aid fitting formulas exist which purport to

give a hearing impaired person the best compensating

amplification for his hearing loss, yet their fitting

formulas include a standard or average for the
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external ear effects and do not account for human

variations in the ear structure. Including the

external ear effect measurement procedure as part of

the hearing aid fitting evaluation process should

improve the fitting process. Therefore, this study

was designed to gather information from real ear

measurements of satisfied hearing aid users which will

assist the hearing aid professional in improving their

fitting process.

Statement of Problem and Objectives

The primary purpose of this study was to

investigate the relationship between the hearing aid

response as measured by real ear measurements, pure

tone hearing thresholds, and ear canal resonance.

Data were collected from satisfied hearing aid wearers

of custom canal hearing aids. The major research

questions of this study included:

1. What was the correlation of the hearing aid

response, as measured by real ear measurements, with

the pure tone hearing tests and the ear canal

resonance?
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2. Can the satisfactory hearing aid response, as

judged by hearing aid users, be predicted, as measured

by real ear measurements, from the pure tone hearing

tests, and a measurement of the ear canal resonance?

This is a pilot study evaluating the

instrumentation and methodology to be used in

evaluating these questions. The population for this

study will be limited, considering the statistical

design of multiple regression where 200 or more

subjects should be included. The conclusions drawn

from this study should be used to encourage further

studies modeled after this one with possible

modifications to reflect improvements in design. As a

result of reviewing the literature on ear canal

resonance, noting that there is no significant canal

resonance at the frequencies of 500, 1000 and 2000

Hz., it is predicted that there will be no correlation

between pure tone hearing thresholds, ear canal

resonance and hearing aid response as measured by real

ear measurements at these frequencies. However, it is

also predicted that at 3000 and 4000 Hz a correlation

will exist between pure tone hearing thresholds, ear
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canal resonance, and hearing aid response as measured

by real ear measurements.

Definition of Terms

Electroacoustic Measure: a physical measurement

of a hearing aid output in which no behavioral

response is required from the wearer (Preves, 1987a).

External Ear Effects (EEE): the unaided frequency

response as measured in a human ear canal using the

pressure method of sound field equalization (Sullivan,

1985) .

Hearing Aid Dispenser: a person specializing in

the testing and fitting of hearing aids.

In Situ: a Latin phrase meaning on site (Preves,

1987a) .

Insertion Gain: the difference between the

unaided and aided sound pressure levels measured in

the ear canal (Preves, 1987a).

Probe Tube Microphone: a microphone which is

attached to a narrow diameter tube used for picking up

sounds in human ear canals (Preves, 1987a).

Prescription Method of Hearing Aid Fitting: a

means of predicting the electroacoustic performance of
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a hearing aid from patient history and audiological

data (Preves, 1987a).

Reference Microphone: a microphone which monitors

the input sound pressure to the hearing aid (Preves,

1987a) .
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Chapter II

Review of Literature

Introduction

To provide a better hearing aid fitting method,

the procedures that are now in use must be reviewed

and compared. New developments in equipment allow

hearing aid dispensers, in their office, to evaluate

hearing aid fittings with a new perspective. In

investigating the relationship between in situ hearing

aid response to pure tone hearing thresholds and ear

canal resonance, the process of hearing aid fitting is

reviewed.

Hearing Aid Fitting Methods

Comparison Method. The comparison method, a

hearing aid fitting evaluation method, compares the

understanding of word lists while the patient wears

different types or styles of hearing aids. More than

40 years ago Carhart (1946) advocated a procedure that

compared similar hearing aids on the basis of the

percent of correctly recognized monosyllabic
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phonically balanced (PB) words that are presented at

equivalent loudness levels. This comparison method is

still used today (Preves, 1987a). Thornton and Raffin

(1978) studied speech discrimination test scores in

relation to how many words of a list must be given to

have a confident level of 95 percent in a scores

range. They used a binomial model to develop a

scoring range, and then they collected data from 4120

scores obtained on the CID Auditory Test W-22 words.

Agreement was found between predicted and observed

score values. They reported, for example, that a

standard phonetically balanced 50-word list can have a

range of 4 percent to 36 percent in scores. With

differences of at least 8 percent to 10 percent in

monasyllabic word scores, it was difficult to

accurately evaluate the preference of one hearing aid

over another. Shore et al. (1960) in their study used

five hearing aid users, grouped in three groups,

exemplifying three types of hearing losses

(conductive, mixed and sensori-neural). Four

different hearing aids were evaluated using a 'good'

tone setting and a 'bad' tone setting over a period of



10

four days. Speech discrimination scores, in sound

field,'were recorded each day using all four hearing

aids set for both good and bad tones. From these

sound field results of different hearing aids set at

different tone settings, they conclude that the

reliability of speech discrimination scores is "not

good enough to warrant the investment of a large

amount of clinical time with them in selecting hearing

aids" (p 167) .

Prescription Method. Because of some of the problems

with the comparison method of hearing aid selection,

there have been numerous prescriptive hearing aid

fitting formulas proposed (Lybarger, 1944; Watsen and

Knudsen, 1940; Lybarger, 1963; Wallenfels, 1967;

Seiler, 1971; Martin, 1973; Brooks, 1973; Victoreen,

1973; Pascoe, 1975; Berger, 1976; Shapiro, 1976; Byrne

and Tonnison, 1976; Pascoe, 1978; Skinner et al.,

1982; Mason and Popelka, 1982; McCandless and

Lyregaard, 1983; Libby, 1985; Cox, 1985; Byrne and

Dillon, 1986). All of these proposals have attempted

to provide a process that will give the optimum

hearing aid frequency response (deJonge, 1985b). The
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various fitting methods appear to have more

similarities than differences.

Mirroring the audiogram is one type of

prescription method that inverts the pure tone

thresholds on the audiogram so that the gain of the

hearing aid is based on the amount of hearing loss at

each frequency. More often the prescription method

will partially mirror the audiogram. This procedure

recommends that the gain of the hearing aid be based

upon a certain proportion of the hearing loss. For

example, Fletcher (1952) recommends using 20 to 40

percent of the gain of the audiogram thresholds.

Lybarger's (1944) procedure recommends gain based upon

roughly 50 percent of the hearing loss (slightly less

for the lower frequencies and slightly more for the

higher frequencies). Berger, Hagberg, and Rane (1979)

also suggest that about 50 percent be used as a

weighing factor. McCandless' (1983) POGO

(prescription of gain/output) procedure recommends

insertion gain to be one-half of the audiogram hearing

thresholds minus 5 to 10 dB for the lower frequencies.

Another type of prescription method attempts to
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choose amplification in such a way that the average

conversational level (ACL) of speech is placed within

the user's comfortable listening range, somewhere

between the threshold and uncomfortable loudness level

(UCL). Examples of this type of prescription method

would include those described by villchur (1973).

Byrne and Tonnison (1976), Skinner (1976) and Cox

(1983).

In a study completed by Humes (1986) nine

different audiometric configurations, representing

varying degrees of sensoki-neural hearing losses, are

evaluated using ten different hearing aid fitting

procedures. The nine different audiometric

configurations include three sloping configurations,

three flat configurations and three rising

configurations. These audiometric data were a

composite of many people put together to simulate real

hearing losses. Each of the ten hearing aid fitting

procedures is used to predict the output of hearing

aids for each of the audiometric configurations. For

each hearing loss fitting procedure four hearing aids

are evaluated as an option. The maximum number of
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unique solutions is 40 (4 top ranked aids times 10

selection procedures). The results ranged from 10

unique fittings to 29 unique fittings for one

audiometric configuration. Humes concludes that the

procedures do appear to identify unique sets of

hearing aids as the best four alternatives for a given

patient. This study does not put a hearing aid on a

patient to see if in reality the patient could hear

better with any one fitting procedure.

Difference of Ear Canals

Individual ear canals vary in shape and length.

Aemplenyi, Dirks and Gilman (1985) measured 15

subjects and report the canal length to vary from 18

to 24 mm. This canal length variance stimulated

further research in canal resonance. The effects of

the outer ear and ear canal resonance or external ear

effects (EEE) were studied by Berland and Nielsen

(1969) on only three subjects, but the results suggest

that there is variation of the external ear effects in

the human ear. Zemplenyi, Dirks and Gilman (1985)

studied 15 subjects with moderate sensori neural

hearing losses and tested them under aided and unaided
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conditions in a sound field. They reported that

hearing aid gain as measured in situ varies according

to the ear canal length.

Optimal Hearing Aid Fittings

In the last five years, real ear measurements

have been used to evaluate the success of hearing aid

fittings (Preves, 1987a). In a recent study,

Kiessling (1987) reported his use of in situ

audiometry to help predict and validate the average

gain of hearing aids fit on 275 subjects over the last

year. Each subject controlled the loudness level in

5 dB steps to arrive at the most comfortable level and

the uncomfortable level. The gain of the hearing aids

was then modified to these probe microphone

measurements. Nevertheless, Preves (1987a) states

that validating hearing aid fittings with real ear

measurements is still only an approximation of the

true optimum fitting curve.

Malawer (1987) suggests, from working in his own

audiology clinic, that the optimal hearing aid fit may

be when the hearing aid response in situ follows the

ear's own resonance pattern, has enough volume, has no
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acoustic feedback or annoying background noise, and is

comfortable and pleasing to wear. Libby (1987) agrees

that in mild to moderate hearing losses the hearing

aid wearer tends to prefer an aided in situ response

that follows the individual's natural ear canal

resonance. While it has been suggested that the

in-the-ear hearing aid response should follow the

ear's own resonance pattern, Ringdahl, Leijon and

Liden (1984) state in their comprehensive review of

the literature that there is no exact knowledge of the

amount of insertion gain at each of the different

frequencies that gives optimal speech intelligibility.

Without knowing the amount of gain needed at each

frequency, a fitting formula or procedure will not be

exact enough to achieve general acceptance.

Ringdahl, Leijon, and Liden (1984) evaluated 166

people fitted with hearing aids with real ear

measurements to consider if the gain was adequate.

They consider gain inadequate when: (a) the levels of

the speech spectrum are not amplified above the tone

threshold at 1000, 1500, and 2200 Hz; or (b) the

speech peak levels do not exceed the tone thresholds
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at 3000 and 4000 kHz. The results indicate that at

least 40 percent of the subjects were found to have

inadequate amplification according to these criteria.

They recommend that real ear insertion gain

measurements should be introduced as a routine

clinical procedure in the fitting of hearing aids.

Conclusions

Literature has been reviewed that states that the

comparison method of hearing aid fitting does not

adequately predict a successful hearing aid fitting.

The literature also indicates that the prescription

hearing aid fitting method falls short of its goal of

providing an optimum hearing aid fit. There is also

confusion in the literature on what the optimum

hearing aid fitting should be. The Zemplenyyi, Dirks

and Gilman (1985) study reports that with individual

ear canal differences, the canal resonance will vary.

Of the studies reviewed that predict hearing aid

reponse, none included an individual measurement of

the ear canal resonance. They may assume an average

or standard resonance which is satisfactory for

individuals with a average or standard ear canal; but
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for individuals with non-standard ear canals, the

fitting formulas will be incomplete and inaccurate.

Ringdahl, Leijon, and Liden (1984) recommend that

real ear insertion gain measurements should be

introduced as a routine clinical procedure in fitting

hearing aids, but use criteria that may or may not

test the optimum hearing aid fitting.

This study attempted to fill the void in the

current research by evaluating the relationship of

real ear insertion gain to pure tone thresholds and

ear canal resonance. This study differed from

previous studies in that hearing aid users were not

given speech discrimination tests to judge

satisfaction. In this study, the hearing aid users

have worn their hearing aids for six to twelve months

before the data were collected and then rated their

satisfaction level. By allowing the users to wear

their hearing aids six months, the satisfaction rating

takes into account all listening environments

experienced by the user. The satisfied hearing aid

users data were evaluated to determine the existence

of any pattern towards an optimum hearing aid fitting
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formula. The data were collected with the hearing aid

volume set at the users' most comfortable listening

level. If a correlation were found to exist, then it

would suggest that ear canal resonance measurements be

included in the hearing aid fitting test battery.
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Chapter III

Experimental Method

Introduction

In the process of developing a hearing aid

fitting model, it is important to look at each

component individually. In analyzing the relationship

of the pure tone threshold levels, the ear canal

resonance and the in situ hearing aid response,

professional hearing aid dispensers may come closer to

the optimal fitting process. The literature review in

Chapter II examined different types of hearing aid

fitting methods, including the comparison method and

various types of prescription methods. The difference

of the human ear canals was also examined, as well as

a proposed optimal hearing aid fitting. The purpose

of this study was to add information to the fitting

procedure by answering the following research

question: Does adding canal resonance to pure tone

thresholds improve the predictive model over only pure

tone thresholds?
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Instrumentation

The instruments utilized for this study include:

(a) a Frye 3100 digital audiometer, serial number

0698, for testing the individual's pure tone hearing

thresholds; and (b) a Frye 6500 computer controlled

real time analyzer and hearing aid test system, with

probe mic, serial number 0315. Both instruments were

factory calibrated in July 1987.

Population

The population for this study consists of a

selected group of hearing aid users from the files of

Allen Electronics using the following criteria:

1. User of a hearing aid for at least 24 months

previous to the time of the study. This was to insure

that the hearing aid user had had enough experience

wearing the hearing aid to evaluate their own success.

2. Using a new in the canal hearing aid/aids,

fitted between October 1, 1986, and August 31, 1987.

Each of these aids was custom built by the same

manufacturer.

3. Each user rated their success in wearing their
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hearing aid/aids on a scale of 1 to 10 with 1 being

unsatisfactory and 10 being very satisfactory.

Hearing aid users with a self rating of 5 and better

were accepted for this study.

Of the 37 hearing aid fittings that fit the three

criteria listed, 13 hearing aid users, including 24

fittings agreed to participate in this study. The

list of participants is contained in Appendix A.

Measurement Procedure

The pure tone threshold was measured using

accepted audiometeric technique as outlined by Katz

(1985), which is as follows:

The first tone was presented at 30dB. If there

was no response then the intensity was raised 20 dB

until a 17 response is given. When a positive

response was received the presentation level was

decreased 10dB and the tone presented again. If there

was no response the presentation level was increased

in 5 dB steps until a positive response was again

received. This sequence was repeated until a

threshold level is determined. The ANSI S3.21

threshold criterion is:
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the lowest hearing level at which responses

occur in at least one-half of a series of

ascending trials, with a minimum of two

responses out of three required at a single

level (1978).

To ensure reliability of probe mic measurements

the following recommended procedures were observed:

1. The loudspeaker was located at 45 degrees to

the side of the head of the ear to be tested (Killion

and Revit, 1987) .

2. The end of the probe tube was 5 mm from the

medial tip of the earmold for open and full canal

measurements (Dirks and Kincaid, 1987). The end of

the probe tube remains in the same position for all

probe tube measurements (Hawkins, 1987).

3. Sound stimulus was a speech weighted signal

that has a flat amplitude for low frequency components

with a decreasining slope of 6 dB per octave that

starts at 900 Hz (Frye, 1986). Because "real-world"

listening situations include comples input stimuli, a

speech weighted signal is preferred to pure tones

because a complex input stimuli is more representative

of speech and noise (Preves, 1987b).
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4. The probe tube microphone system was leveled

before each measurement, with the speaker 12 inches

from the reference microphone which was placed above

the ear on each subject.

Statistical Design

The dependent variable of this study was hearing

aid response as measured by real ear measurements, in

decibels, at six test frequencies (250, 500, 1000,

2000, 3000, and 4000 Hz). The independent variables

were (a) pure tone hearing threshold levels and (b)

external ear effects or canal resonance, measured in

decibels, at six test frequencies (250, 500, 1000,

2000, 3000, and 4000 Hz).

The data were accumulated and analyzed using

multiple regression formulas presented by Courtney

(1987). Each frequency tested (250, 500, 1000, 2000,

3000, 4000 Hz) was analyzed from the pure tone hearing

tests, the ear canal resonance, and the hearing aid

response as measured by real ear measurements.

Data for each subject include:

1. Rating of hearing aid fitting on a scale of 1-

10 (Appendix A).
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2. Pure tone thresholds for the frequencies of

250, 500, 1000, 2000, 3000, 4000 Hz (Appendix B).

3. External ear effects as measured by a probe

tube microphone system at 500, 1000, 2000, 3000 and

4000 Hz (Appendix B).

4. Insertion gain as measured by a probe tube

microphone system (Appendix B).

Each frequency was analyzed using multiple

regression to project at which frequencies and by how

much the insertion gain can be predicted using pure

tone thresholds and the external ear effects.
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Chapter IV

Results and Discussion

Introduction

In the evaluation of any problem, all the parts

must be analyzed separately and as a whole. The

literature reviewed in Chapter II examined different

types of hearing aid fitting methods. This study

analyzed ear canal resonance, a part of the whole

fitting process, in answering the following research

question: Does adding canal resonance to pure tone

thresholds improve the predictive model over use of

just the pure tone thresholds?

The analyses of the data were completed

separately on each frequency (500, 1000, 2000, 3000

and 4000 Hz). Each of the frequencies was analyzed

using multiple regression for significance to

determine if the pure tone thresholds and ear canal

resonance would predict the hearing aid response as

measured by real ear measurements. The data were also

evaluated to see if ear canal resonance contributes
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significantly to the prediction of only pure tone

thresholds. Thirteen subjects participated wearing 24

canal hearing aids. Two individuals wore a single

hearing aid while the other 11 wore two hearing aids

each. Ten males and three females participated, with

an average age of 71 years with an age range from 57

to 88 years. The amount of time of wearing a hearing

aid ranged from 4 to 16 years with an average of 8.4

years. The self satisfaction rating ranged from 6 to

9 with an average score of 7.46 (see Table 1 in

Appendix C) .

The data for each of the frequencies are

contained in Tables 2-6 in Appendix C.

Results

Analysis of the data indicates that at 500, 1000,

and 2000 Hz, the probability (P) of Canal Resonance

(Var 2) adding to or improving the fitting that the

pure tone thresholds establish is of no significance

(500 - .4360, 1000 - .3264, 2000 - .7594 where .05 =

95 percent probability). Also, at these three

frequencies (500, 1000, and 2000 Hz) the full model of

pure tone thresholds and canal resonance is not
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significant (ANOVA values for the full regression are

500 Hz - .1448, 1000 Hz - .4332, and 2000 Hz - .5453,

where .05 equals 95 percent)(see Tables 7-8 in

Appendix C).

Pure tone thresholds are not the best predictors

by themselves of the hearing aid response. Although,

at 500 Hz the P value is close to significant (500 --

.0711, 1000--.4088, and 2000--.2952).

It was expected that canal resonance would not be

significant to 500, 1000 and 2000 Hz because there is

very little canal resonance at these frequencies. Of

the 24 hearing aid fittings used in this study, the

canal resonance at 500 Hz ranged from a high of 3 dB

to a low of .5 dB. The canal resonance at 1000 Hz

ranges from a high of 5.9 dB to a low of .6 dB. The

canal resonance at 2000 Hz ranges from a high of 16.2

dB to a low of 7.3 dB.

These data indicate that at the frequencies of

3000 and 4000 Hz there is significant canal resonance,

ranging from a high at 3000 Hz of 25.3 dB and a low of

.4 dB and at 4000 Hz a high of 28.1 dB and a low of

.8 dB.
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Observation of the data shows that at 3000 and

4000 Hz the probability (P) of canal resonance adding

to or improving the fitting that pure tone thresholds

establish is very significant (3000 Hz--.0120 and 4000

Hz--.0015, where .05 equals 95 percent). At these two

frequencies (3000 Hz and 4000 Hz) the full model of

pure tone thresholds and canal resonance is also very

significant (ANOVA at each frequency was 3000 Hz --

.00868 and 4000 Hz--.00573, where .05 equals 95

percent). Reviewing the ANOVA data analysis also

indicates that pure tone thresholds by themselves are

significant at 3000 Hz (.0446), but not the best

predictor of hearing aid responses at 4000 Hz (.5577)

where .05 equals 95 percent.

Discussion

A review of the data indicates that at 500, 1000

and 2000 Hz, canal resonance was not a significant

addition to pure tone thresholds in predicting hearing

aid responses. At 3000 and 4000 Hz the data indicates

that the canal resonance measurements add

significantly to the fitting model of pure tone

thresholds in predicting hearing aid responses as

measured by real ear measurements.
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The results of this data analysis provide a trend

toward including canal resonance measurement

information in hearing aid fitting formulas. This

trend should be explored further by duplicating this

study using a larger sample.
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Chapter V

Summary and Conclusion

Introduction

The purpose of this study was to determine if

canal resonance, one of the undefined variables in

hearing aid fitting, could be shown to be a

significant predictor of successfully fitting hearing

aids. An analysis of the data presented in Chapter IV

indicates that at the frequencies where canal

resonance is significant, 3000 and 4000 Hz, using

this information significantly improves a successful

hearing aid fitting prediction.

Results and Discussion

The literature reviewed at the beginning of this

study indicated that the comparative method of hearing

aid fitting asks the hearing aid candidate to repeat

lists of words that researchers report can have a

significantly varied response at two or three

different sessions. The literature reviewed also

indicated that the prescriptive method of hearing aid
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fitting attempts to objectivize the process, but has

not yet defined all the variables. The present study

has attempted to define how the variable of canal

resonance assists the professional in developing a

complete and more accurate hearing aid fitting

formula.

The population for this study were all canal

hearing aid users that had worn at least two different

hearing aid fittings during their lifetime. They all

rated their hearing aid use as successful on a

self-rating 1-10 scale, with the mean rating of 7.46.

Twenty-four hearing aid fittings were evaluated using

pure tone thresholds, ear canal resonance, and hearing

aid response as measured by real ear measurements.

Observation of the results reveals that pure tone

thresholds and canal resonance together were not a

significant predictor of hearing aid response as

measured by real ear measurements, at 500, 1000 and

2000 Hz. But at 3000 and 4000 Hz, ear canal resonance

is a significant addition to the fitting model of pure

tones.
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Conclusions

In conclusion it can be stated that canal

resonance appears to be a significant predictor of

hearing aid response as measured by real ear

measurements at 3000 and 4000 Hz. At 500, 1000 and

2000 Hz canal resonance is not significant and so is

not a predictor. A stronger and more definitive

statement cannot be supported due to the size of this

study. Moreover, to use multiple regression as an

accurate predicting tool a sample size of 200 plus is

needed. Therefore, the results from this study should

be used to indicate that canal resonance as a

predictor of hearing aid response at 3000 and 4000 Hz

needs further research and study. A large sample

needs to be evaluated to define the full impact of

canal resonance to a possible hearing aid fitting

formula.

Suggestions for Further Study

Research in the future in the area of canal

resonance as a predictor of hearing aid response

should incorporate a larger sample. The population

should contain satisfied hearing aid users that wear
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like hearing aids. If at that time canal resonance is

shown to be a signific.ant predictor of hearing aid

response, then the ability to measure a successful

hearing aid fitting with real ear measurements will

greatly improve. Further study should also be pursued

using other styles of hearing aids: behind-the-ear,

body type, and in-the-ear hearing aids. A future

research question should address: How does the style

of hearing aid change the predictability of the

hearing aid fitting in relationship to pure tone

thresholds and canal resonance. As we understand how

canal resonance is affected by the hearing aid in the

ear, the fitting of hearing aids will then move from a

"try it and see" system to a true prescriptive fitting

method.
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Appendix C: Tables

Table 1

Summary of Population Data

Range Mean

Age 57 - 88 71.0

Years Wearing 4 - 16 8.4

Satisfaction Rating 6 - 9 7.46

(Appendix C continues)

Scanner
Text Box
Pages 43-54 are missing. Author unavailable to supply.
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Table 2

Statistical Data for 500 Hz

Model Fitting Results

Variable Coefficient Std Error T-Value Prob(P)

Constant 3.464585 2.901998 1.1939 .2447

Pure Tone 0.125449 0.064829 1.9351 .0654

Canal Res -0.984801 1.242068 -.7929 .4360

Further ANOVA--Pure Tones and Then Canal Resonance

Source Sum of DF Mean Sq F-Ratio Prob(P)

Squares

Pure Tone 52.033139 1 52.03314 3.6135 .0711

Canal Ron 9.052326 1 9.05233 .6286 .4451

Model 61.085465 2

(Appendix C continues)
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Analysis of Variance for the Full Regression (ANOVA)

Source Sum of DF Mean Sq F-Ratio Prob(P)

Squares

Model 61.085465 2 30.54273 2.12106 .144870

Error 302.39415 21 14.39972

Total 363.47958 23

R-Squared = 0.168057

R-Squared (Adj. for DF) = 0.0888249

Std. Error of Est. = 3.7947

(Appendix C continues)
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Table 3

Statistical Data for 1000 Hz

Model Fitting Results

Variable Coefficient Std Error T-Value Prob(P)

Constant 11.603894 4.542394 2.5546 .0177

Pure Tone 0.071254 0.093706 .7604 .4547

Canal Res 0.796019 0.793796 1.0028 .3264

Further ANOVA--Pure Tones and Then Canal Resonance

Source Sum of DF Mean Sq F-Ratio Prob(P)

Squares

Pure Tone 24.963334 1 24.96333 .7355 .4098

Canal Ron 34.128751 1 34.12875 1.0056 .3274

Model 59.092086 2

(Appendix C continues)
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Analysis of Variance for the Full Regression (ANOVA)

Source Sum of DF Mean Sq F-Ratio Prob(P)

Squares

Model 59.092086 2 29.546043 .870577 .433283

Error 712.70750 21 33.93845

Total 771.79958 23

R-Squared = 0.076564

R-Squared (Adj. for DF) = 0

Stnd. Error of Est. = 5.82567

(Appendix C continues)
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Table 4

Statistical Data for 2000 Hz

Model Fitting Results

Variable Coefficient STD Error T-Value Prob(P)

Constant 35.232662 8.045015 4.3794 .0002

Pure Tone -0.110597 0.106777 -1.0358 .3111

Canal Res 0.1362 0.439422 .3100 .7594

Further ANOVA--Pure Tones and Then Canal Resonance

Source Sum of DF Mean Sq F-Ratio Prob(P)

Squares

Pure Tone 32.158688 1 32.15869 1.1524 .2952

Canal Res 2.680957 1 2.68096 .0961 .7629

Model 34.839645 2

(Appendix C continues)
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Analysis of Variance for the Full Regression (ANOVA)

Source Sum of DF Mean Sq F-Ratio Prob(P)

Squares

Model 34.83965 2 17.419823 .624232 .545321

Error 586.02660 21 27.90603

Total 620.86625 23

R-Squared = 0.0561146

R-Squared (Adj. for DF) = 0

Stnd. Error of Est. = 5.28262

(Appendix C continues)
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Table 5

Statistical Data for 3000 Hz

Model Fitting Results

Variable Coefficient Std Error T-Value Prob(P)

Constant 30.107229 10.716446 2.8094 .0100

Pure Tone -0.146372 0.132164 -1.1075 .2795

Canal Res 0.615435 0.225678 2.7271 .0120

Further ANOVA--Pure Tones and Then Canal Resonance

Source Sum of DF Mean Sq F-Ratio Prob(P)

Squares

Pure Tone 157.68552 1 157.6855 4.5644 .0446

Canal Ron 256.92082 1 256.9208 7.4368 .0126

Model 414.60635 2

(Appendix C continues)
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Analysis of Variance for the Full Regression (ANOVA)

Source Sum of DF Mean Sq F-Ratio Prob(P)

Squares

Model

Error

Total

414.60635

725.48990

1140.0962

2

21

23

207.30317

34.54714

6.00059 .00868

R-Squared = 0.363659

R-Squared (Adj. for DF) = 0.303055

Stnd. Error of Est. = 5.87768

(Appendix C continues)
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Table 6

Statistical Data for 4000 Hz

Model Fitting Results

Variable Coefficient Std Error T-Value Prob(P)

Constant 9.459072 9.133909 1.0356 .3112

Pure Tones 0.024322 0.118812 .2047 .8396

Canal Res 0.953622 0.264802 3.6013 .0015

Further ANOVA for Variables in the Order Fitted

Source Sum of DF Mean Sq F-Ratio Prob(P)

Pure Tone

Canal Res

Model

19.55551

691.55422

711.10973

1

1

2

19.5555

691.5542

.3667

12.9691

.5577

.0017

(Appendix C continues)
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Analysis of Variance for the Full Regression (ANOVA)

Source Sum of DF Mean Sq F-Ratio Prob(P)

Squares

Model

Error

Total

711.10973

1119.7886

1830.8983

2

21

23

355.55486

53.3233

6.66791 .00573

R-Squared = 0.388394

R-Squared (Adj. for DF) = 0.330146

Stnd. Error of Est. = 7.30228

(Appendix C continues)
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Table 7

Probability of Pure Tone Thresholds

Predicting Hearing Aid Response

Frequency

500 .0711

1000 .4088

2000 .2952

3000 .0446

4000 .5577

(Appendix C continues)
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Table 8

Probability of Canal Resonance Improving

the prediction of Pure Tone Thresholds

Frequency

500 .4360

1000 .3264

2000 .7594

3000 .0120

4000 .0015




