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Introduction

In 2003, Angela Loavenbruck, then President of the American Academy of
Audiology (AAA), asked the second author to consider chairing a Task Force whose
goal was to develop a national guideline for fitting hearing aids to adults. Angela felt a
new guideline was necessary because a) the AAA guideline for children was about to
be published; b) as the national organization for audiologists, AAA needed to formulate
its own guideline; and c) numerous advances have been made in technology since the
ASHA guideline was published. Angela informed the second author that the current
Task Force members included Harvey Abrams, Dennis Hampton, Todd Ricketts, and
Robert Sweetow. Soon after assuming the chair, the second author asked Theresa
Hnath-Chisolm, Darcy Benson, David Citron, and Helena Solodar to join the Task
Force.

Why a New Guideline?

One might ask, "Why a new guideline?" There are several answers to this
important question. First, as mentioned earlier, the last guideline was published by
ASHA in1998. Sincel998, there have been numerous advances in hearing aid
technology as well as the methods used to verify and validate hearing aid fittings. Thus,
the current standard needed to be updated to accommodate these advances. Second,
there is increased interest in other professions in using evidence-based principles (EBP)
when developing a new guideline. It was felt that in order for this guideline to have
relevance, it too must use EBP to reinforce its recommendations. Third, AAA published
a pediatric guideline (2004) and felt an adult guideline was also necessary. Fourth,
there is considerable concern regarding the manner in which hearing aids are
dispensed by audiologists. That is, current clinical practices implemented "in the field"
may do little to differentiate how hearing aids are dispensed by audiologists and others
and therefore would not be in line with AAA's goal for professional autonomy.

How does this Guideline Differ from Previous Guidelines?

The content and organization of this guideline differs significantly from the
previously published ASHA guideline in several ways. First, it is the only guideline thus
far to include a section specifically on auditory and non-auditory needs assessment.
Second, it is the first to use EBP to support its recommendations. Within the guideline,
EPB is also used to point out areas where the evidence may not be sufficient to support
implementing some recommendations of the guideline. Finally, it is emphasized that a
guideline is not static and needs to be re-evaluated every five years to assess the need
for revisions as technology and the evidence changes.

Relative to the issue of verification, there are some very specific
recommendations within the guideline. For example, relative to quality control (pages
23-24) there is the statement: “Electroacoustic verification of all hearing aids (new and
repaired) is recommended. This verification should be completed prior to fitting to
ensure the hearing aid is in working order and to provide a benchmark for future quality
control measures.” Also, there is a call for “Verification of features...prior to the
hearing aid fitting.” Features can include directional microphones, feedback
management, expansion, noise reduction, or control of the occlusion effect. In pages
25-30, there are these additional statements:
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a. “Actual speech or a speech-like signal should be used when attempting
verification of prescriptive methods for which targets are based on speech inputs.”

b. “Verification of the magnitude of the occlusion effect should be verified using
probe microphone measures...”

c. “Prescribed gain from a validated prescriptive method should be verified using
a probe microphone approach that is referenced to the ear canal SPL.”

d. “Maximum hearing aid output (OSPL90) verification is recommended to ensure
that it does not exceed the patient’s threshold of discomfort. Simulated real-ear
techniques are recommended....”

e. “In-situ measures of directional efficacy are recommended...the probe
microphone technique of front-to-back ratio is recommended...”

Finally, this guide was prepared by the two authors with the idea that the reader has
never operated the Frye 7000. Thus, this guide has been prepared as a “Cookbook”
approach so the reader can determine the test(s) he/she would like to perform and
follow the guide for step-by-step instructions on how to complete the test(s). Please
bear in mind that the information contained within this quide was based on
Version 1.62. If the reader is using a 7000 with a different version then some of the
steps outlined in this guide may be in error. Also, if the reader notes any errors within
this guide, please contact Michael Valente at valentem@ent.wustl.edu so he may
correct the error for future versions of this guide.

BASIC OVERVIEW OF PREPARATIONS FOR COUPLER MEASURES

Before providing a detailed description of various methods one can use to verify
the performance of hearing aids using coupler measures, the authors feel it may be
beneficial to provide a general overview of preparations for coupler measures. Figure 1
illustrates the correct method to couple a behind-the-ear (BTE) hearing aid to a HA-2
coupler and be placed in the test chamber. In the Frye 7000, it is important to place the
hearing aid in the test chamber so the hearing aid microphone is placed in the center of
the reference point and facing the right. The reason the hearing aid is facing the right is
because in the 7000, the loudspeaker is in the right side of the test chamber and facing
up. Also, if the clinician desires to measure battery drain it is important that the correct
battery pill be inserted into the hearing aid battery compartment. Figure 2 illustrates the
coupling of a custom hearing aid to an HA-1 coupler. Figure 3 illustrates the
importance of being sure that the receiver of the custom hearing aid is placed on the
HA-1 coupler so that the receiver port is in the center of the hole within the coupler.
Figure 4 illustrates how the custom hearing aid is secured to the HA-1 coupler using
Fun-Tak so that ALL possible leaks around the hearing aid case are completely sealed.
Also, Figure 4 shows that it is important to cover the vent hole from the lateral side of
the custom case. In Figure 5, the upper curve illustrates a peak in the frequency
response at ~500 Hz that can occur if the hearing aid is not completely sealed to the
HA-1 coupler. The lower curve in Figure 5 illustrates the “correct” smooth frequency
response that should occur when the hearing aid is correctly sealed to the HA-1
coupler. When testing completely-in-the-canal (CIC) hearing aids it is important to use
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the CIC coupler and to activate the CIC sub-menu (Press [F1] “Coupler”, then [Menu],
scroll down using the down arrow key to “Coupler type” and then the right arrow key to
“CIC”. Then press [EXxit]). Finally, Figure 7 and Figure 8 illustrate the new non-
standardized open coupler and open BTE coupled to the open coupler. Figure 9
reports the frequency response of this hearing aid measured in the open coupler (Curve
1), HA-1 coupler (Curve 2), HA-2 coupler (Curve 3) and unaided KEMAR (Curve 4).
Although the frequency response of the open coupler does not superimpose upon the
unaided KEMAR response, the curve measured using the open coupler is closer to the
unaided KEMAR response than when measured in either the HA-1 or HA-2 coupler.

HA-2 Coupler

Microphone must be
in the center and
facing to the right

Battery type
Selection
Buttons

Figure 1 — Configuration of the hearing aid test chamber for performing the
electroacoustic analysis of a BTE hearing aid.
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All “leaks” must be sealed or
the frequency response may
show excessive gain @ 500
Hz

HA-1 coupler

Figure 2 — Configuration of the hearing aid test chamber for performing
electroacoustic analysis of a custom hearing aid.

Receiver opening visible in
the center of the opening of
the counpler

Figure 3 — lllustration showing the receiver port of the hearing aid in the
center of the opening of the HA-1 coupler.
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Plug the vent from the lateral side.

Figure 4 — lllustration of the correct manner to seal the vent of a custom

product.
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Custom product incorrectlv sealed
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Figure 5 — The upper curve illustrating the presence of a peak @ 500 Hz
in the case where the custom product was incorrectly sealed to the HA-1

coupler. The lower curve shows a smoother frequency response when all
possible leaks are sealed.
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Figure 6 — Sealing a CIC hearing aid to a CIC coupler. Be sure to press [F1]
“Coupler’; then [Menu], scroll down using the down | arrow key to “Coupler
type” and then the right — arrow key to “CIC” and press [EXit].

Figure 7 — lllustration of the non-standardized Frye open coupler.
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Figure 8 — lllustration of an open hearing aid coupled to the open coupler.

GRIME FONI% TYPE 7000 ANALYZER
Curve Characteristics
Cury <——-Source-—-> RMS Cor MR
Hame Tupe Trans Amp  Out
CL1= DWG Chamb 65 85,9 4%
CL2) DWG Chamb 65 70,4 4%
EEL DWG Chamb 65 84,2 4%
d : FR CL4 CWG Chamb 6O 4%
SRR, RN T L CL5 CWG Chamb 6O 43
TN + CLE CWG Chamb GO 4%
CLY CWG Chamb 6O 4%
CLE CWG Chamb GO 4%
CLS CWG Chamb 6O 4%
CL¥ CWG Chamb GO 4%

Source: Digspeech, ANSI Weighted
Chamber, Leveled
Bias Tone: OFF
Projected Noize Reduction: 4%

R N T T N T Curve 1 Open
0 B 1Ty 2 i g
Curve 2 HA-1
Source  BS dBSPL
Curve 3 HA-2
Uze UP/TOWN to zelect test level, Use Left/Right to select bias tone, Curve 4 KEMAR
Press START to run test, MENU for local menu. and EXIT to leave,
F1 F2 F3 Fd Fa FE F7 F& SETUP 1
Left Ear 3 Curve Delete DigSpeech Off OFf/Prey | 2006-03-20
Select Crv Select OnAOFF Curvet{sy ) Src Select | Auto Test Togale 121493 53PH

Figure 9 — Frequency response curves of the open hearing aid coupled to
an open coupler (Curve 1), HA-1 coupler (Curve 2), HA-2 coupler (Curve
3) and unaided KEMAR.
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TEST PROCEDURES

1.1 ANSI S3.42-1992 is a standardized test using a broadband speech composite
signal. This test generates a family of frequency response curves in response to
varying input levels. This test can be useful to determine (a) if a hearing aid has
linear or nonlinear signal processing, and (b) if excessive intermodulation distortion
(IMD) is present.

N FONIX TYPE 7000 ANALYZER
N ANSI 53.42-1392 Left Ear

: NSPLIO 1166 dBSPL
i) Full-On Hoise Gain 47,8 dB
______ Target Ref, Gain 39.6 dB

Actual Ref, Gain 39.5 dB

Test Specifications:

Meas Bandwidth 200-8000 Hz|Settle Time 1000mS
Noize Type Pzeudo-Random |Measure Avg  8x
Analyziz Window Rectangular|Filter Smooth MNone
Filtet Banduidth 100 Hz|Crest Factor 10dB
Analysiz Method Single Channel FFT

=10
Frequency response curves
ol fors0,60,70,80,and90dB | _
SPL RSN
T .5 1 (kHzy 2 1 g W0pr
Frequency Response Curwves |I’1PUI/0utput
b:o0dE  BiEOdE 7:70dB B:B0d4B 9:90dB sof--d curve
: dBIN
G0 B0 o 20 E] LEVELET
Test completed. Press START to run test again,

F1 F2 F3 Fd F& F& F7 F2 SETUP 1
Left 1000ms g% Clear Test Curve 2007-12-03
Ear Settle Time|Noize Reduc Data Actions Frad00aH

Figure 10 — ANSI S3.42-1992 test results

STEP-BY-STEP
1. Press [F5] in the Opening screen to enter the ANSI S3.42-1992 screen.
If ANSI 1992 is not an established setting in the Opening screen, perform the following steps:
a. From the Opening screen, press [MENU] to access the Setup Menu.
b. Using the down arrow key, scroll down to the Opening Screen heading.

c. Find the first function key setting (labeled F1 through F8) that is listed as “None.” Scroll down
to this location and use the right arrow key to select ANSI S3.42.

d. Press [EXIT] to return to the Opening screen.

e. ANSI S3.42 should now appear as a function key option.

F1 F2 Fa Fd Fa F& F7 Fa
Left 1000mS e Clear Test Curve
Ear Settle Time|Moize Reduc Data Actions

Figure 11 — ANSI S3.42-1992 function keys



Coupler Measurements 11

7.

Note...

Level the sound chamber (press [LEVEL]).

Set hearing aid to full-on gain, attach to the appropriate coupler, and position the
microphone of the hearing aid at the reference point with the hearing aid facing
the right side of the test chamber. (See Figures 1 - 6). Close and lock chamber
lid.

Use [F1] to select desired ear.

Use [F2] to select the settle time used for the test.

Settle time is the amount of time it takes for the system output to remain within a given margin of
error of its final value following an input stimulus. Options for settle time include 500, 1000, 2000,
or 5000 msec.

Use [F3] to select the noise reduction used for the test.

Noise reduction is used when the test environment is noisy. This option allows the Frye 7000 to
take multiple measurements for each test and to take the average of the obtained responses. A
greater level of noise reduction will provide a smoother frequency response curve, but will
increase the length of test time. Both pure-tone and composite noise reduction is available for
tests that utilize either a pure-tone or composite sound source, respectively. The magnitude of
pure-tone noise reduction is denoted by a single number followed by an “X”. Available pure-tone
noise reduction options are OFF, 4X, 8X, or 16X. For example, a pure-tone noise reduction
setting of “4X” indicates that 172 measurements (43 x 4) will be taken for each pure-tone sweep
and will be averaged to formulate a frequency response curve. The magnitude of composite
noise reduction is also denoted by a single number followed by an “X.” Available composite noise
reduction settings are OFF, 4X, 8X, and 16X. This type of noise reduction differs from pure-tone
noise reduction in that a composite noise reduction setting of “4X” indicates that only the last four
measurements will be averaged.

Press [START] to begin the test sequence.

This measurement is useful in determining if a hearing aid is linear or nonlinear as well

as to determine if the hearing aid has excessive intermodulation distortion (IMD). As is
illustrated in Figure 10, the frequency response curves are NOT superimposed. That is, the
measured gain below 2000 Hz decreases as the input signal is increased from 50 to 90 dB SPL.
Note that gain remains the same (linear) in the frequency range above 2000 Hz illustrating BILL

(Base |

ncrease at Low Levels) signal processing. If this hearing aid had linear signal processing

the five frequency response curves would have appeared as being superimposed upon each
other. Therefore, one may conclude that gain varies with differing input levels and therefore this
hearing aid is nonlinear.

Another potential use of ANSI S3.42-1992 is to determine if the hearing aid has excessive
IMD. You'll note in Figure 10 that the morphology, or shape, of the frequency response curve for
the 90 dB SPL input, although showing less gain, has the same shape as the frequency
response curve for the 50 dB SPL input signal. If this hearing aid had excessive IMD, the
frequency gain response for the higher input levels would appear as “jagged” or “broken-up.” In
that case, it would be best practice to attach the printout to the manufacturer repair form and

explain

that the attached measure suggests the presence of IMD and the hearing aid needs to

be repaired. Another use of ANSI S3.42-1992 is the input-output (I/O) curve for the composite
signal to the lower right. In this case, the I/O is revealing linear signal process from 50-60 dB
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SPL (i.e., the I/0 line is 45°). Then the first kneepoint appears at 60 dB SPL revealing a change
to nonlinear processing (i.e., the 1/O line is less that 45°). This nonlinear processing continues to
80 dB SPL where a second kneepoint is present. From 80 to 90 dB the processing is revealing
compression limiting (CL) because there is very little change in the output (~2 dB) relative to the
10 dB change in the input from 80-90 dB SPL.

1.2 ANSI S3.22-2003 is a standardized test using a pure-tone signal to measure the
performance of the hearing aid at various hearing aid settings. Measured responses
include the maximum output, frequency response, gain, equivalent input noise level,
total harmonic distortion, telecoil response, battery drain, and compression
characteristics of a hearing aid.

SPL D S FOWIX TYPE 7000 AMALYZER
dBf...i..is P - ANST 53,22-2003 Left Ear

AGE FOGRSG dB  HFA 1000, 1600,2500 Hz

0SPL30 Max 124,59 dB | Fregq THDi=t Src
S e @ 2100 Hz S00Hz 1,68 70 dB

110f i R R R TR N el HFA 117.7 dB 800Hz  0,2% 70 dB
e SN A ; 1600Hz  0,4% 65 dB

S L S A HFA FOG @ 50 47,6 dB

L00LA" e R CRRE TR ] BTG Target 40,7 dB
: Measured 41,6 dB
: : EQ Inp Moize 32,7 dB

apf.- il L -i...] Resp Limit 81,6 dB | Battery 1 KHz @ E5 dB
H N : F1< 200 Hz F2=4364 Hz | Zn-Air Unzpec 0,00 mA

gof—

N o
41 def....

“lizafe

1/0 Curves
-1- 250 Hz Off
—-2- 000 Hz OFF
; =3- 1000 Hz OFF
seed [ —d4- 2000 Hz On

|- 4000 Hz OfF

70

gaf - LTI

e e J|Freq Att Rel
0t 5 1 iz 2 rl gloof- e s mS
-0-05PL30  -R-RESPEO 200
q0t- 1000
20000 3 17
4000
LEVELED
Test Completed, Press START to run test again.
Press MEMU for local menu,
FL1 F2 F3 Fd F5 F& F7 F2 SETUP 1
Left Ear AGC HFA 2500 Off Curve Reztore |Display ALLl| 2007-12-03
Select Aid Type Avg Fregs Telecoil Actions Defaults Settings 7126130AM

Figure 12 — ANSI S3.22-2003 test results
STEP-BY-STEP
1. Press [F4] from the Opening screen to enter the ANSI S3.22-2003 screen.
2. Level the sound chamber (press [Level]).

3. Set hearing aid to full-on gain, attach to the appropriate coupler, and position the
microphone of the hearing aid at the reference point with the hearing aid facing
the right side of the test chamber. (See Figures 1 - 6). Close and lock chamber
lid.

4. Use [F1] to select the desired ear and [F2] to select the Aid Type.

When navigating the F1-F8 settings: press the UP/DOWN arrows to move the cursor up and
down and press the RIGHT arrow to make a selection and return to the test window.
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AGC
Test Comple Adapt AGL FRT to run test again,
Press MENU 1
Fi F2 F2 F4 F5 FE F7 F&
Left Ear AGC HFA 2500 0ff Curve Restore [Display All
Select Aid Type Avg Fregs | Telecoil Actions Defaults Settings

Figure 13 — Aid Type Options

5. Press [F5] to choose whether or not to run the telecoil test.

6. Press [MENU] to make any changes to the local menu options.

Coupler Menu
Display Setti fid Setti
DatasGraph 4.svs.. Graph  Aid Type ———————- AGC
Display ———-———-——- SPL Awg Fregqs ——- HFA 2600
Graph Scale ——-- Mormal  Sweep Start Delay —— 500
Sweep Meaz Delay ——-— &0
Curve Label - Left/Right HMisc Start Delay -— 100
Mizc Meaz Delay ————— G0
Measurement Settinos
Coupler Type ———- <Monhe> Hizc Settings
Diztortion ———————— 0ff  Battery Meaz —————— On
Moize Red{Tone} -——— OFFf  Battery Size —--—- Unszpec
Moize Red{Comp} -——- g%  Print Label ————- off
Printer ——————- Internal
Source Settinogs F?# ————— Display
Qutput Transz, .. Chamber F8 -—————- Off /Prey
Static Tone ———————- 0ff
1ias TOnE +uuwessss o0dB
Compozite Type Standard
Compozite Filter —— AMSI

Figure 14 — Coupler Menu

7. Press [EXIT] to return to the test screen.
8. Press [START] to begin the test sequence.

9. If prompted, adjust the volume control so the “RTG Measured” (Reference Test
Gain) is within 1 dB of the “RTG Target.” Press [START] to continue.

Note...This measurement is required for new and repaired hearing aids and should be
placed in the patient’s chart. This test can also be completed at scheduled semi-annual or
annual patient visits, unscheduled patient visits where the patient has a specific complaint about
the performance of the hearing aid(s), and at the hearing aid fitting following programming.
When comparing the measured hearing aid performance to manufacturer specifications, the
hearing aid should be set to “test mode” or per manufacturer instructions. For example, many
manufacturers have a “test mode” or “test measurement settings” option which puts the hearing
aid at full-on gain and turns off all noise reduction features. The measurement in Figure 12
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(above) was performed with the hearing aid in normal operating mode (not test mode) and
therefore would not be comparable to manufacturer specifications.

Measuring the telecoil response of a hearing aid as part of ANSI S3.22-2003.

FOWIXE TYPE 7000 AMALYZER
AMST 52,22-2002 Left Ear

AGC FOGRSO dB HFA 1000, 1600, 2500 Hz
0SPLI0 Max 124,93 dB | Freq THDi=zt Src

@ 2100 Hz B00Hz  1.8% 70 dB

HFA 118,0 4B go0Hz  0,1%  TO 4B

1600Hz  0.2% &5 dB

HFA FOG @ 50 43,0 dB
RTG ~ Target 41,0 dE J HFA-SPLITS 102,9 dB

Heasured 41,8 dB RSETS 1.1 dE
: EQ Inp Moize 31,85 dB
.i...] Resp Limit 82,0 dB | Battery 1 kHz @ EG dB
: Fil< 200 Hz F2=4242 H=z Zn-Air Unzpec 0,00 mA

AMEPLE e /0 Curves
o dB- feedl-1- 280 Hz OFF
Aimal 4|-2- 500 Hz OFF
-3- 1000 He OFf
4 |-4- 2000 Hz On
110t -G~ 4000 Hz DFF

A E-' ."; - {|Freq Att Rel
R A A T T a4 H P s
W0 i 1T oy 2 1 gloo omg "
-0-0SFL30  -R-RESPE0 [ -S-SFLITS o 1333
o : 2000 2 15
50 EQ O a0 a0 4000
LEVELED
Test Completed, Press START to run test again,
Press MEMU for local menu,
FL F2 F3 F4 F5 F& F? Fa SETUP 1
Left Ear AGC HFA 2500 On Curue Restore |Dizplay All| 2007-12-0F
Select Aid Type Avg Fregs Telecoil Actions Defaults Settings 7131r48AKH

Figure 15 — ANSI S3.22-2003 telecoil test results. Note the boxed sections on
SPLITS, HFA-SPLITS and RSETS.

STEP-BY-STEP:

Telecoil performance is typically automatically measured as part of ANSI-S3.22-2003 by simply pressing
F5 (“Telecoil’) and then the right arrow key fo turn the Telecoil option “On.” In this scenario, the software
will automatically stop the ANSI measure at the appropriate time and instruct the clinician of the steps
required to measure telecoil performance. In some cases, a clinician may want to measure telecoil
performance independent of ANSI S3.22-2003. This section informs the clinician on how to perform this
test. This section also informs the clinician on the interpretation of these measures.

1. Press [F5] from the Opening screen to enter the ANSI S3.22-2003 screen.
2. Level the sound chamber (press [Level]).

3. Set hearing aid to full-on gain, attach to the appropriate coupler, and position the
microphone of the hearing aid at the reference point with the hearing aid facing
the right side of the test chamber. (See Figures 1 - 6). Close and lock chamber
lid.

4. Press [F2] to select the Aid Type.

5. Press [F5] to turn the telecoll option on.
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Test Completed, Press START to run test again,
Fress MEMU for local menu,

F1 F2 F3 F4 F5 FE F7 Fa
Left Ear AGC HFA 2500 On Curve Restore |Display ALl
Select Aid Type Avg Fregs | Telecoil Actions Defaults Settings

Figure 16 — Function keys with telecoil option turned on

6. If necessary, press [MENU] to make any other changes to the local menu
options.

7. Press [EXIT] to return to the test screen.
8. Press [START] to begin the test sequence.

9. If prompted, adjust the volume control so the “RTG Measured” is within 1 dB of
the “RTG Target.” Press [START] to continue.

10.When prompted, open lid of test chamber and switch aid to telecoil (if
necessary).

11.Reduce any sources of potential magnetic noise, including CRT monitors.

12.Hold the hearing aid in one hand and the TeleWand in the other (see Figure 17).
Position the TeleWand parallel to the hearing aid while monitoring the HFA-
SPLITS value on the monitor for the position yielding the greatest gain.

Figure 17 — Positioning the TeleWand parallel to hearing aid

13.Press [START] to measure the Sound Pressure Level in an Inductive
Simulator (SPLITS) curve and the resulting Relative Simulated Equivalent
Telephone Sensitivity (RSETS).

14.When prompted, return hearing aid to microphone position, reposition aid at the
reference test point, close the lid, and press [START] to complete the ANSI
measure.
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Note...Difficulty with communicating on the telephone is a major complaint of hearing aid users.
The first step in achieving successful telephone use with hearing aids is to verify telecoil
performance. Ideally, the SPLITS frequency response of the telecoil should be the same
as the frequency response of the hearing aid microphone so that when the patient
switches between microphone and telecoil, the listening situation is seamless and
optimal (this of course assumes that the microphone response was optimally
programmed to a validated prescriptive target). Three measurements are performed to test
the sensitivity of the telecolil: First, there is the Sound Pressure Level in an Inductive
Simulator (SPLITS) frequency response curve. Next, there is the SPLITS high frequency
average (HFA-SPLITS in dB), and finally there is the Relative Simulated Equivalent
Telephone Sensitivity (RSETS) measure. Notice in Figure 15 how the SPLITS curve has a
similar shape as the frequency response in the microphone position (R curve) and has similar
output to the hearing aid microphone in response to a 60 dB SPL input level. From the SPLITS
curve, a high frequency average (or special purpose average) is calculated. The RSETS value
compares the HFA-SPLITS to the measured RTG plus 60 dB. Ideally, this number should be
greater than or equal to O dB, indicating that there is more gain or an equal amount of gain
when the hearing aid is operating in telecoil versus microphone mode. In the example above,
the RSETS is 1.1 dB (102.9 - [41.8+60]), which suggests that the user will perceive little or no
difference in loudness when listening through the telecoil compared to the hearing aid
microphone.

1.3 Measuring the Group Delay on one aid if a monaural fit and both aids if a binaural
fit. Simultaneously, the user can measure the phase of both hearing instruments in
a binaural fit. The phase test informs the user whether or not the wiring to the
receiver to the positive and negative posts in each hearing aid is the same. The
upper two graphs report the results for the left hearing aid, while the lower two
graphs report the results for the right hearing aid. For each ear, the left graph
reports delay (in msec) and the right graph reports phase.

P T FONIX TYPE OO0
L BNALYZER
Erhanced ISP

< Left. Ear >

Telay Phaze
Graph Graph

|
| Device Delay 2,0 mS
|

; Syztem Delay O, mS

.
< Right Ear >

Telay Phaze
Graph Graph

|
| Dewice Delay 2,0 mS
|

LEVELED

! 1
Select ear with F1, Usze coupler microphone and HA coupler,
Fress START to begin test, Press MEWU for local menu.,
F1 F2 Fa F4 Fa F& F? Fa SETUP 1
Right Ear Clear 2007-12-03
Select Curves 7300 111AM

Figure 18 — Group Delay and Phase test results
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STEP-BY-STEP

1. Press [F3]in the Opening screen to enter the Advanced Coupler Navigation
screen.

2. Press [F4] to enter the Enhanced DSP screen.
3. Level the sound chamber (press [Level]).

4. Set hearing aid to full-on gain, attach to the appropriate coupler, and position the
microphone of the hearing aid at the reference point with the hearing aid facing
the right side of the test chamber. (See Figures 1 - 6). Close and lock chamber

lid.
Fi F2 F3 F4 F5 F& F7 F
Coupler Real -Ear Advanced | ANMST 53,22 |ANST 53,42 Hane Haone Load Setup
Hulticurve Coupler 2003 Defaults

Figure 19 — Opening Screen Function Keys

Presz a function key to go to that screen.,
Press EXIT to return to Opening Screen,

F1 F2 F3 Fd F& F& F7 Fa
Battery Coupler Attack & Enhanced
1/0 Release TSP

Figure 20 — Advanced Coupler Function Keys

5. Press [F1] to select the desired ear.
6. Press [START] to perform the group delay and phase tests.

7. When complete, place the second hearing aid in the sound chamber and use
[F1] to select the desired ear.

8. Press [START] to complete the group delay and phase test of the second aid.

Note... The group delay informs the user how long it takes for the signal processing of the aid to
process the signal from the microphone to the receiver. A shorter (<~15 msec) delay is better
than a longer delay. Longer delays can lead to reduced speech intelligibility and sound quality.
In Figure 18, it can be seen that the group delay for both aids is 2.0 msec, which is well within
the acceptable range. Also note from Figure 18 that when the curve for the left aid was in an
upward swing (compression) the same was true for the curve for the right aid. Also, when the
curve for the left aid was in a downward swing (rarefaction) the same was true for the curve for
the right aid. That is, both aids are “in phase” and the posts to the receivers are wired the same
for the pair. If the results revealed the opposite, aids 180° out of phase, the patient might report
there is an “echo.” This measurement takes only seconds to complete and is necessary to
perform if a patient complains of an echo or imbalance or during general troubleshooting.
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1.4 Measuring input/output and input/gain function.

SPL : : : : - : : : : FONIX TYPE 7000 ANALYZER
dB . . . . - . . . . Coupler Input/Output
Out . . . . . . . . .
Resultz: 2000Hz
Loomz pre-delay
100m= meazurement delay
Input SPL Output. SPL
110 50,00 100,48
55,00 106,37
60,00 110,50
65,00 115,41
70,00 120,21
75,00 118,61
100 20,00 119,62
85,00 116,97
90,00 115,91

. X X X . . . . : Current Settings:
G0l T Start Delay S00ms
: . . . ' : : : : Heasurement Delay 100ms

Frequencyi 2000Hz

R

: : : : : : : LEVELED
50 B0 dBSPL In 70 a0 90
== LEFT/RICHT to select frequency.
Press START to run test, MENU for local menu. and EXIT to leave,
F1 F2 F3 F4 Fa F& F7 Fa SETUP 1
Left Ear AGC Puretone 2007-12-10
Select Aid Type Src Type 1:45:40PH

Figure 21 — Coupler input/output (dB SPL) curve

STEP-BY-STEP

1.

Press [F3] from the Opening screen to enter the Advanced Coupler Navigation
screen.

Press [F2] to enter the Coupler Input/Output screen.
Level the sound chamber (press [Level]).

Set hearing aid to full-on gain, attach to the appropriate coupler, and position the
microphone of the hearing aid at the reference point with the hearing aid facing
the right side of the test chamber. (See Figures 1 - 6). Close and lock chamber
lid.

Use [F1] to select the test ear and [F2] to select the aid type.

Press [START] to complete the test measurement. The test will stop
automatically.

The clinician may use the right and left arrow keys to change the test frequency if
desired. In addition, a composite signal may be used by pushing [F5].

This test can be measured in either Gain or SPL (output). To vary the
measurement settings perform the following:

a. Press [MENU] from the Coupler I/O screen to open the local menu.

b. Use the up and down arrows to select Display under Display Settings.
c. Use the left and right arrows to choose either GAIN or SPL.

d. Press [EXIT] to return to the Coupler I/O screen.
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FONIX TYPE 7000 ANALYZER
Coupler Input/0utput

Results: 2000Hz
Lotmz pre-delay
100ms meazurement delay

Input. SPL Output Gain
iy, 00 50,52
55,00 50,47
B0, 00 50,58
65,00 50,48
7,00 50,28
79,00 43,54
80,00 29,582
25,00 31,98
90, 00 29,95

Current Settings:

2w S Start Dielay GB00ms
. . . . . . . . . Heasurement. Delay  100ms
............................................... Frequencu: 2000Hz
10 ...E A .E. A E.. ..E A .E. A E.. ..E s .E. A E...
: : . . . . : : . LEVELED
B0 E0 dBSPL In 70 20 90
llze LEFT/RIGHT to select frequency,
Press START to run test, MENU for local menu. and EXIT to leave,
F1 F2 F3 F4 F& F& F? Fa SETUP 1
Left Ear AGC Puretone 2007-12-10
Select Hid Type Src Tupe 1:44:21PH

Figure 22 — Coupler input/gain curve

Note...Some clinicians can more easily understand the compression characteristics in the
input/gain mode rather than the more conventional input/output mode.

1.5 Measuring the attack and release time of a hearing aid.

dB Attack FONIX TYPE 7000 ANALYZER
SPLET . Attack & Release
120
Resultsy 2000Hz
110 Loud Tone (uiet Tone
S0dB GadE
1000ms 1000ms:
100 + 3dB +  4dB
Attack: E.25ms
90 Releaze: 30,00mz

dB Releaze

Oms 10 20 30 40 50 B0 79 B0 &0

Current Settings:

Pl Lowd Tone Quiet Tone
04 bhdE
100 1000ms 1000ms
+ ZdB + 4dB
30
80 Frequency: 2000Hz
O

100 LEVELED
Use LEFTARIGHT to select frequency,
Press START to run test, MENU for local menu. and EXIT to leawe,
F1 F2 F3 F4 Fa FE F7 Fa SETUP 1
Left Ear ANST 9B Puretone 20 ms 100 ms 2007-12-10
Select Settings Src Type Att Scale | Rel Scale 1:39:39PM

Figure 23 — Coupler attack and release time in response to a pure-tone signal
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STEP-BY-STEP

1.

Press [F3] from the Opening screen to enter the Advanced Coupler Navigation
screen.

Press [F3] to enter the Attack & Release screen
Level the sound chamber (press [Level]).

Set hearing aid to full-on gain, attach to the appropriate coupler, and position the
microphone of the hearing aid at the reference point with the hearing aid facing
the right side of the test chamber. (See Figures 1 - 6). Close and lock chamber
lid.
Use [F1] to select the test ear, [F4] to use various standards, and [F5] to toggle
between a pure-tone and composite source.

[F4] standards include: IEC Loud, IEC Speech, JIS, IEC, and ANSI 96.
Press [START] to begin measurement. The test will stop automatically.

Following testing, take note of the measured attack and release time. The reader
may need to adjust the graphical scale according to the measured values. For
example, if the attack time is 10 milliseconds (msec), then use [F6] to select an
attack scale of greater than 10 msec. If the release time is 150 msec, then use
[F7] to select a release scale of greater than 150 msec.

dB
SPL T

FONIX TYPE 7000 ANALYZER
Attack & Release

100 5 Rezults? Compozite

Loud Tone Quiet Tone

: qodE 554
30 - 1000ms: 1000ms
: + 3dB + 4dp

Attack:  10,00ms

80 |-
FEE Release: EBO,00ms

70

Curtent Settingst
SgE Relsass Loud Tone Quiet Taone
90dE 55dE
ST 1000ms: 1000ms
BO frotmiing + 3dB * 4dB
?O
Frequency: Composite
EQ
50
LEVELED
Use LEFT/RIGHT to select freguency.
Press START to run test, MENU for local meru,. and EXIT to leawe,
F1 F2 F3 Fd F5 F& F7 Fg SETUP 1
Left Ear AMSI “96 Composite 20 mz 100 ms 2007-12-17
Select Settings Sre Type Att Scale | Rel Scale 212113900

Figure 24 — Coupler attack and release time in response to a composite
signal
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1.6.1 Verifying the overall noise suppression feature of a hearing aid using a
composite versus a digital speech signal.

GAINE Modulated FONIX TYPE 7000 ANALYZER
dB} . Coupler Left Ear
40 N\ /j \ /n Curve Characteristics
Rt k}ﬁ [Curv {---Source——> RMS Cor MR
0 /'dg//\\. g \ ‘., |CLIZ DG Chamb 65 98.8 K
1 ARt AR % (WML CUG Chamb 65 92,4 8%
e s\ T CL3 WP Chamb 50 8
2 ek ;\ Vi CL4 DWP Chamb 60 8
W [CL5 DWP Chamb 60 8K
Continuous |‘ [CL6 DWP Chamb 60 8%
10 k /b CL7 DWP Chamb 60 8X
ol A (L8 DWP Chamb B0 8X
] {CL3 DWP Chamb 60 8K
0 1 CLX D Chamb 60 B
!
-10 k Source: Composite, ANSI Weighted
Chamber, Leveled
-2 m Projected Noise Reduction; 8X
2 Battery Current: 0,00 mA
20 [ Size: Zn-fir Unspec
;2D 5 1 (kHz) 2 4 8
Source 65 dBSPL
Uze UP/DOWM to select test lewel, Use coupler mic ahd HA coupler,
Press START to run test, MEMU for local menu, and EXIT to leave,
F1 F2 F3 F4 Fa FE F? Fg SETUP 1
Left Ear 2 Curve Delete Composite OFf Display OFFPrew | 2007-12-03
Select Crv Select OnA0FF Curvelsy |Src Select | Auto Test SPL Source 715315901

Figure 25 — Noise reduction verification — DigiSpeech vs Composite

STEP-BY-STEP

Verify that the noise suppression feature is enabled on the hearing aid.

Attach the hearing aid to the appropriate coupler and position the microphone at
the reference point (with the hearing aid facing the right side of the test

Verify that the coupler graph ordinate is in dB
GAIN (“GAIN” should appear in the upper left
corner of the display). If it reads “SPL,” the
display will need to be changed to GAIN by
following these steps:

1.
2. Level the sound chamber (press [LEVEL]).
3.
chamber). Close and lock the chamber lid.
4. Enter the Coupler screen by pressing [F1] in the Opening screen.
Coupler Menu
Change DatasGraph 1ueees Graph  Aid Type —————-——mn AGe
“Display” to—— Dizplay —————- SPL Awg Fregs ———— HFR 2500
Gain Graph Scale ———— Mormal  Sweep Start Delay -- 500
Sweep Meaz Delay -——— GO
Curve Label - Left/Right Misc Start Delay ——— 100
Hizc Meas Delay ———-- i)
Measurement. Settings
Coupler Tuype ——— <Mone> i
Distortion —————- 0ff Battery Meas --————-—- On
Moize Red{Tone} ———— OFf  Battery Size ---- Unszpec
Moize Red{Comp} ———- g% Print Label —————— Off
Printer ------- Internal
Source Settings F? Dizplay
Output Tranz, ,, Chamber F8 ——-——————— Off/Prev

Static Tone
Bias Tone
Compozite Type Standard
Compozite Filter —— ANSI

Figure 26 — Coupler menu options

a. Press [MENU] from the Coupler
screen to open the Coupler menu.

b. Use the up and down arrows to select
Display under Display Settings.

c. Use the left and right arrows to
choose GAIN.

d. Press [EXIT].
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5. Use [F2] to select the first curve (CRV 1).

When navigating the F1-F8 settings: press the UP/DOWN arrows to move the cursor up and
down and press the RIGHT arrow to make a selection and return to the test window.

Crv 1
Cry 2]

Crv 3
Crv 4
Crv &
Crv B
Cru 7
Cry 8
Crv 9
Crv ¥

FL F2 F3 F4 F& FE F7 Fa SETUF 1
Left Ear 2 Curve Delete Compozite 0ff Dizplay OFF#Prey | 2007-12-03
Select Crv Select OnA/Off Curvelsd |Src Select | Auto Test SPL Source 7155327AK

Figure 27 — Select curve options

o

Use [F5] to select DIG SPEECH as the signal source.

Use the up and down arrows to select an amplitude which approximates normal
speech. We have used 65 dB SPL.

8. Press [START] to begin the measurement.

9. When the curve has stabilized press [STOP].

10.Press [F2] to select the second curve (CRV 2).

11.Press [F5] to change the signal source to COMPOSITE.
12.Ensure that the amplitude is the same as was selected in Step 7.

~

13.Press [START] to begin the measurement.
14.When the curve has stabilized press [STOP].

It is best to run the composite signal for at least 15 seconds to allow time for the noise
suppression to activate.

Note... Compare curve 1 (modulated Digital Speech signal) to curve 2 (Composite signal). If
the noise suppression feature is activated and working properly, Curve 2 should be below Curve
1, indicating that the noise reduction feature reduces gain in response to a continuous steady-
state signal (i.e. noise). Notice in Figure 25 that the frequency response curve for the
composite signal is below that of the digital signal. In addition, the “RMS Out” in response to the
digital signal is 98.8, whereas the “RMS Out” in response to the composite signal is 92.4 dB.
Therefore, one may conclude that the noise reduction feature of this hearing aid is functioning

properly.
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1.6.2 Verifying the noise reduction at several frequency regions of a hearing aid
using a bias tone.

SLE FONI¥ TYPE 7000 ANALYZER
dEf .- i Cv 1 No Bias : Coupler Left Ear
100} ; i I A Curve Characteristics
e Curw <——Source-—> BREMS Cor NR
Hame Tupe Trans fmp Out
q0p CL14 TWF Chamb 60 110.5 &
CL2) DWP Chamb B0 1100 8
o P ' : CLZ4 WP Chamb B0 106,3 a5
BOE-- B A N T : L4 IUF Chanb B0 1077 8
CUNEY S SUNE UL DOF At SO MR Bl IWP Chamb B0 108.0 &
T : : CLE DWP Chamb B0 8
o CL7 WP Chamb EO g
—_— . 4080 . CL8 DWP Chamb Ed ai
: F Ty : CLS DWP Chamb Ef ax
go| Cv2500HZ/ .o oA it i il CL¥ DWP Chamb EO &x
50 Cv 31000 Hz / Source: DigSpeech. AWSI Meighted
/ : : N : Chamber, Lewveled
[EEREEESS” R R R i Biaz Tones 4000 Hz, 5% dB
40 Cv 42000 Hz Do : H™ Projected Moise Reduction; 8X
Cv 54000 HZ/ AN Battery Currenty 0,00 mA
20 H H H H H H H H H Size! Zn-Air Unspec
25 R3] 1 &kHz» 2 4 8

Source B0 dBSPL

Uz UP/DOMN to select test lewel, Use Left/Right to select bias tone,
Press START to run test, MEMU for local menu. and EXIT to leave.

F1 F2 F3 Fd F5 FE F7 Fa SETUP 1
Left Ear 5 Curve Telete DigSpeech Off Dizplay Off Prew | 2007-12-03
Select Crv Select OnA0FF Curweis? | Src Select | Auto Test SPL Source T4+ 260H

Figure 28 — Noise reduction verification using a bias tone

STEP-BY-STEP
1. Verify that the noise suppression feature is enabled on the hearing aid.
Enter the Coupler screen by pressing [F1] in the Opening screen.

Level the sound chamber (press [LEVEL]).

p wn

Attach the hearing aid to the appropriate coupler and position the microphone at
the reference point with the hearing aid facing the right side of the test chamber
(See Figures 1 — 6). Close and lock the chamber lid.

5. Use [F2] to select the first curve (CRV 1).

When navigating the F1-F8 settings: press the UP/DOWN arrows to move the cursor up and
down and press the RIGHT arrow to make a selection and return to the test window.

Cruv 1

Lry 2|
Cryv 3
Crv 4
Crv &
Crv B
Cru 7
Crv 8
Crv 9
Cryv X

F1 F2 Fz Fd Fo FE F7 Fa SETUR 1
Left Ear 2 Curyve Dzlete Composite OFf Dizplay FfAPrew | 2007-12-03
Select Crv Select On/0OFf Curveisy |5Src Select | Auto Test SPL Source 7 B0 27AN

Figure 29 — Select curve options
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8.
9.

Use [F5] to select DIG SPEECH as the signal source. This serves to provide a
reference point for the measures that follow.

Use the up and down arrows to select an amplitude approximating normal
speech, such as 60 dB SPL.

Press [START] to begin the measurement.

When the curve has stabilized press [STOP].

10.Press [F2] to select the second curve (CRV 2).

11.Press [MENU] to enter the Coupler Menu
Coupler menu. Press the Display Settings _ Hid Jettings
. DatasGraph +.uvsus Graph  Aid Type —————————
down arrow to select Bias Dizplay ———————————- SPL  Awvg Fregs ———- HFA 2500
Graph Scale ——- Mormal — Sweep Start Delay —— 500
Tone under the Source Cueep Meas Delay ——— GO
Settings heading_ Use the Curve Label - Left/Right Hi=zc Start Delay ——— 100

. . Hizc Meaz Delay -———-
right arrow to select a bias Heasurement Settings
Coupler Type ———— <Moner

) oo Setti
tone amplitude. An Distortion -——--———— 0Off  Battery Meaz --——————-
appropriate amplitude is Moize Red{Tone! -——— OFf  Battery Size ——- lUnzpec
Pprop P Hoize RediComp} ———- 2%  Print Label -————
commonly 55 dB SPL. The Printer —-—————- Internal
bi . d Source Settings F¢¥ —— Dizplay
las tone Is now turned on. Output Trans, ., Chamber F8 -—-—-——-—— 0FFPrew

Static Tone ———————- Off

Options for bias tone amplitude o5
include OFF and from 40 to 90 dB EDmPDS%tE II';_HTE Stc‘mgﬁg?
SPL, in 5 dB increments. omposite Filter

Figure 30 — Coupler Menu Options

12.Press [EXIT] to return to the coupler test screen.

13.Use the right and left arrow keys to vary the frequency of the bias tone.

Options for bias tone frequency range from 200 to 8000 Hz in varying increments.

14.Ensure that the signal amplitude is 60 dB SPL and that DIG SPEECH is

selected as the signal source. Press [START] to begin the measurement.

15.When the curve has stabilized press [STOP].

16.Use [F2] to select another curve for testing at another bias tone frequency.

17.Repeat steps 13 through 15 for testing at additional bias tone frequencies,

ensuring that the signal amplitude remains 60 dB SPL and the signal
source remains digital speech.
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Note... The use of the continuous pure-tone bias signal (available in 100 Hz increments) acting
as a noise source presented simultaneously with the modulated speech composite signal allows
the clinician to more effectively verify the effectiveness of the noise reduction feature of the
hearing aid in reducing the gain/output only in the frequency region surrounding the distracting
noise while leaving intact the frequency region above and below the distracting noise. This,
theoretically, would result in improved communication and comfort in noise because the
reduction in gain will be in a restricted segment of the frequency response instead of a larger
segment of the frequency response in response to a noise. It is believed that hearing aids with
greater channels of noise reduction could lead to better performance in noise (and feedback
management) because in multichannel aids narrower and narrower segments of the frequency
response are reduced in response to noise (or feedback) within the environment.

1.7 Test chamber configuration to measure wireless CROS

Receiver/Coupler Assembly
located parallel to Transmitter,
at specified distance (d)

(see manuf. specs).

__—Transmitter located
at Reference Point

Place foam under assembly
if necessary to achieve
specified distance “d”

Figure 31 — Test box setup for wireless CROS measurements

STEP-BY-STEP

1. The primary goal is to obtain sufficient separation between the transmitter and
receiver. Usually 6” is sufficient.

2. Place the microphone of the transmitter at the reference point and turn on the
transmitter.

3. Close the lid

4. Place the receiver side on top of the lid. If greater separation is required, then a
foam pad can be placed on top of the lid and the aid + coupler placed on top of
the foam pad.
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5. Align receiver + coupler assembly on top of the lid so it is vertical to the
transmitter in the test chamber.

6. Test as you would any other aid.

7. For BICROS, test the receiver side as you would any aid.
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REAL EAR MEASURES

BASIC OVERVIEW OF PREPARATIONS FOR REAL EAR MEASURES

Before providing a detailed description of various methods to verify the performance of
hearing aids using real ear measures, the authors feel it may be beneficial to provide a
brief overview of preparations for real ear measures in general. Figure 32 illustrates the
correct method of placing the reference microphone above the pinna of the test ear and
the probe microphone in the ear canal of the test ear. For accurate measures, it is
important that the tip of the probe tube be within 6 mm of the tympanic membrane (TM).
In the adult patient this can be achieved by placing a mark on the probe tube 30 mm
from the tip and being sure this mark rests along side the intratragal notch of the
external ear as illustrated in Figure 32. After the clinician has the probe tube in the
proper position, it is best to apply tape over the probe tube and adhere it to the face to
prevent the probe tube from moving when the hearing aid is inserted into the ear canal.
Figure 33 illustrates of the importance of the correct placement of the probe tube (Dirks
and Kincaid, 1987). Think of the abscissa as the length of the ear canal (3.0 cm = 30
mm) and what happens to measured SPL near the TM as the probe tube is placed
along this line. For example, at 2000 Hz the measured SPL @ 30 mm from the TM is ~
2 dB less than measured at the TM! Thus, for 2000 Hz and below the measured SPL
would be essentially the same regardless of where the probe tube is placed along the
ear canal. On the other hand, at 8000 Hz, if the clinician placed the end of the probe
tube ~12 mm from the TM, the measured SPL would be ~ 12 dB less than what is
present at the TM. The other curves at 3000-7000 Hz reveal similar findings. Thus, if the
probe tip is within 6 mm of the TM, then the SPL measured at the probe tip would be the
same (+/- 2 dB) as what would have been measured if the probe tip were at the
eardrum from 250-8000 Hz. Figure 34 illustrates another method that can be used to
assure proper placement of the probe tube in the ear canal. Proper placement will occur
when the measured REUG @ 6000 Hz is at 0 dB gain.

«— | Reference Microphone

Mark probe 30 mm from the tip. Place
this mark at the intratragal notch. In
the adult, this should place the tip of
4/ the probe at ~6 mm from the TM. For
a child, mark the probe @ 25 mm.

Probe tube

Probe
microphone

Figure 32 — Probe tube assembly
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Figure 33 — lllustrating the importance of the correct placement of the probe tube (Dirks
and Kincaid, 1987). Think of the abscissa as the length of the ear canal (3.0 cm =30
mm) and what happens to measured SPL near the TM as the probe tube is placed
along this line. For
example, at 2000 Hz
the measured SPL
@ 30 mm from the
TMis ~ 2 dB less
than measured at
the TM! Thus, for
2000 Hz and below
the meaured SPL
would be essentially

Difference in dB
(Eardrum SPL- Probe SPL)

I
D
T

1

the same regardless A W S S S S S S S S S SR N T
of where the probe 1.0 2.0 30
tube is placed along Distance from Eordrum (cm)

the ear canal. On

the other hand, @ 8000, if the clinician placed the end of the probe tube ~12 mm from
the TM, the measured SPL would be ~ 12 dB less than what is present at the TM. The
other curves @ 3000-7000 Hz reveal similar findings.

Insert FONIX TYPE 7000 ANALYZER
Gain Real Ezr Insertion Gain

Curve Characteristics
Curve  <~-Source-———> RMS NR
Name Titl Type Trans dB Out

W REUG CWG S.F, S5 64,4 4%

PL2 RERG PNP S.F, S0 off
PL3 REAC PNP S,F, 65 Off
PL4 RERG PNP S.F, 80 off
PLG REAG PSP S.F, 90 OfFf
PL6 REIG
PL7 REIG

PLB REIG
Aided’ |PL9 REIG
- {Unaidad A& TARG

Source: Composite, AMNSI Weighted
Sound Field, Leveled

Projected Noise Reductiont 4X
Referencs Hic: On
Smoothing? Log

Out Limit: 120 dBSPL

R Target Formula: MNAL-RP

L iLeft

A e 12 Source 55 dBSPL
.25 .5 1 (kHz> 2 4 []

Use UP/DOUN to select test level. Use Probe and Reference microphones,

Press START to run test at selected curve, Press MENU far local menu,

=20

F1 F2 F3 F4 F5 F& F7 F8 User 1}
Left Ear RELR 1 Curve Curve Composite 2003-06-
Select Crv Select Ons0ff Action: I L 16:55:

Figure 34 — lllustrating the proper placement of the probe tube in the ear canal where
the measured REUG @ 6000 Hz is @ 0 dB gain. This is another method to verify that
the probe tube is in its proper place along the ear canal.
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2.1 Measuring the real-ear unaided gain (REUG) of the open ear canal.

STEP-BY-STEP

1. Prior to setting up the patient for real ear measurements, it is important to enter
the audiogram with the appropriate menu settings. From the Opening screen,
press [F2] to enter the Real Ear Navigation screen.

2. Press [F1] in the Real Ear Navigation screen to enter the audiogram entry

screen.
F1 F2 F2 F4 F& F& F7 Fa
Audiogram Target: Inzertion | Real Ear Vizible
Gain SPL Speech

Figure 35 — Real ear navigation screen function keys

3. Press [MENU] to open the real ear audiogram menu and select the appropriate
settings based on the patient’s audiogram and the hearing aid parameters.
These settings are important for the generation of real ear targets.

NOTE: Use the UP/DOWN arrows to select a menu option and press the RIGHT arrow to change
a selection. Press [EXIT] to return to the audiogram entry screen.

REAL EAR AUDIOGRAM MENU - TARGET OPTIONS:

Feal Ear Audiogram Menu
Targets Aud. Transducer: OFF, SF (Soundfield), TDH, ER3
fud, Tranzducer 13 Fitting Rule: NAL-NL1, POGO, BERGER, 1/3 Gain, %2 Gain, 2/3 Gain,
Fitting Rule ~——= AL Direct, NAL-RP
ient Age Adult
Compression —-—------—- 40 dE Age: Adult, 0-2mos, 3-6mos, 7-12mos, 1-2yrs, 2-3yrs, 3-4yrs, 4-5yrs, 5+yrs
Mo, of Channels ------—--- 1§ Compression: 40-69 dB
E}d L1m1t_::::::_ﬁglt}channel Channels: 1-18+
it Tupe Bilateral e .
Sound Field ————— 0 degrees Aid Limit: Multichannel, Wideband, None
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Figure 36 — Real ear audiogram menu

4. The clinician may now enter the patient’s audiogram. Use [F1] to select an ear
and press [F2] to select HTL to enter the patient’s hearing threshold levels. Use
the UP/DOWN arrow to select a frequency and use the RIGHT/LEFT arrows to
select the threshold level in 5 dB steps.
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Figure 37 — Audiogram and LDL entry screen

5. If a patient’s hearing loss is conductive or mixed, it is important to enter bone
conduction thresholds when using the NAL-NL1 target. Press [F2] to select Bone
and use the procedure listed in Step 4 above to enter the patient’s bone
conduction thresholds.

6. Press [F3] to use predicted LDLs or use [F2] to select LDL to enter a patient’s
measured LDLs using the same procedure listed in Step 4 above. The authors
have a very strong preference for using measured and not predicted LDLs.

7. If performing a binaural fitting and a patient has a similar hearing loss bilaterally,
you may press [F4] and select COPY EAR to copy data to the opposite ear. To
change individual threshold values as necessary, press [F1] to select the
appropriate ear and repeat Step 4 in order to make changes to the copied data.

8. Press [EXIT] to return to the Real Ear Navigation screen. Press [F3] to open the
Insertion Gain screen.

9. To ensure proper probe tube placement, verify that the bottom graph is labeled
as GAIN (“GAIN” should appear in the upper left corner of the display). If it reads
“SPL,” the display will need to be changed to GAIN by following these steps:

Press [MENU] from the insertion gain screen to open the local menu.

a
b. Use the up and down arrows to select Display under Display Settings.
c. Use the left and right arrows to choose GAIN.

d

Press [EXIT] to return to the insertion gain screen.
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10.Configure the patient for real ear measurements.

a. Mark the probe tube either 5 mm from the canal opening of the earmold/custom shell or

at 30 mm from the tip of the probe tube.

b. Place the reference and probe microphone unit on the test ear as illustrated in Figure 32.

c. After performing otoscopic inspection, insert the probe tube with the mark at the
intertragal notch. It is recommended that tape be used to secure the probe tube.

d. Place the sound-field speaker at a distance of approximately 12 inches from the client’s
head at 0° azimuth (directly in front of the patient) from the test ear. The height of the
sound-field speaker should be even with the test ear. Be sure “O has been entered in the

real ear audiogram menu!

11.Press [LEVEL] in order to calibrate the sound-field speaker and the reference

microphone.
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Figure 38 — Leveling of the sound field speaker

12.Use [F2] in the Insertion Gain screen to select REUG 1. Press [START] to begin

measurement and press [STOP] to store the measured response.
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Figure 39 - Real ear select curve options
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2.2 Performing real-ear insertion gain (REIG) measurements to verify the
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Figure 40 — Real ear unaided gain (REUG) of the open ear canal in the lower
curve and the real ear insertion gain (REIG) target in the upper curve.

appropriateness of a hearing aid’s programming to the prescriptive target.
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Figure 41 — Real Ear Insertion Gain screen
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STEP-BY-STEP

1.
2.

Perform Real Ear Unaided Gain measurement as described in Section 2.1.

Insert the hearing aid into the ear with special care not to move the probe tube.
The hearing aid should be set up for programming in case a need for change

exists.

Use [F2] to select REAG 3, which uses a 65 dB SPL modulated signal
representing a level of average conversational speech. Verify that DigSpeech is
selected as the source using the [F5] key.

Fi
Left Ear
Select

Fz
REAG 2
Select Crw

F3
Curwe
On/0FF

F4
Curve
Actionz

F&
DligSpeech
Select Src

F&

F?

Fa

Figure 42 — Real ear select curve options

Press [START] to measure the insertion gain of the hearing aid. Press [STOP] to
store the curve.

Analyze the shape of the insertion gain curve (top graph) in comparison to the
target. Make modifications to the hearing aid programming as necessary in order
to best approximate the target. Repeat the insertion gain measurement (if
necessary) until programming changes have successfully resulted in an
approximation to target.

Use [F2] to select REAG 2, which uses a 50 dB SPL modulated signal
representing soft speech.

Repeat Steps 4 and 5 above to measure the insertion gain of the hearing aid to a
soft input and program the hearing aid so the measured REIG arrives as close as
possible to the NAL-NL1 target for a 50 dB SPL input.

Use [F2] to select REAG 4, which uses an 80 dB SPL modulated signal
representing loud conversational speech.

Repeat Steps 3 and 4 above to measure the insertion gain of the hearing aid to
80 dB SPL and program the hearing aid so the measured REIG arrives as close
as possible to the NAL-NL1 target for an 80 dB SPL input.
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2.3Measuring the real ear front-to-back ratio in order to determine the efficacy of
directional microphones. This measure is easy to perform at the completion of
insertion gain verification or may be performed as a separate measure.

GAIME o Insert FONIX TYPE 7000 AMALYZER
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Figure 43 — Real ear insertion gain measurement of front-to-back ratio
STEP-BY-STEP
1. Press [F2] from the Opening screen to enter the Real Ear Navigation screen.
2. Press [F3] to enter the Insertion Gain screen.
3. Use [F1] to select the test ear.
4

Following otoscopic inspection, insert the probe tube in the test ear 6 mm from
the tympanic membrane as described in the “Basic Overview of Preparations for
Real Ear Measures.”

5. Place the sound field speaker at a distance of approximately 12 inches from the
client’s head at 0° azimuth (directly in front of the patient) from the test ear. The
height of the sound field speaker should be level with the test ear.

6. Insert the hearing aid into the test ear, taking special care not to move the probe
tube.

7. Use [F2] to select REUG 1. Ensure that the source amplitude is 65 dB SPL and
use [F5] to ensure that a modulated source is selected (DigSpeech).

8. Press [START] to begin measurement and press [STOP] when the curve is
present.
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9. Use [F2] to select REAG 3. Ensure that the source amplitude is 65 dB SPL and
that DigSpeech is the signal.

10.Press [START] and begin to rotate the client from the starting point so that the
speaker is pointing toward the back of the ear (a computer chair or some sort of
swivel chair is ideal). Monitor the curve to verify that the back microphone is
attenuating the gain and press [STOP] when the curve has stabilized.

Note... It is very important for the clinician to complete this measure on all hearing aids
with directional microphones. In the experience of the authors, approximately 5-10% of
new hearing aids arriving in the clinic have directional microphones that are reversed
(i.e., back microphone is amplifying and the front microphone is attenuating) or the rear
microphone simply is not working (i.e., no change in measure gain or output as the
loudspeaker is rotated around the patient). Also, it is important to remember that the
distance from the loudspeaker to the hearing aid microphone for both measures
must be equal!

2.4Measuring the real ear aided response (REAR) of a hearing aid in dB SPL.
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Figure 44 — Real Ear SPL screen
STEP-BY-STEP
1. Press [F2] from the Opening screen to enter the Real Ear Navigation screen.

2. Press [F1] in the Real Ear Navigation screen to enter the audiogram entry

screen.
F1 F2 F3 F4 F& FE FF Fa
Fudiogram Target In=ertion Real Ear Yisible
Gain SPL Speech

Figure 45 — Real ear navigation screen function keys
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Figure 46 — Real ear

3. Press [MENU] to open the real ear audiogram menu and select the appropriate
settings based on the patient’s audiogram and the hearing aid parameters.
These settings are important for the generation of real ear targets.

NOTE: Use the UP/DOWN arrows to select a menu option and press the RIGHT arrow to change
a selection. Press [EXIT] to return to the audiogram entry screen.

audiogram menu

RECD Hode
Frint Label
Printer

Real Ear Audiocgram Menu

Client Age ——-------—- Adult
Compression ——-———————— 40 dB
Mo, of Channels -----—————- 15
Aid Limit ————-- fultichannel
Fit Type ————------ Bilateral
Sound Field —---—— 0 degrees

Ref. Pozition -- Head Surface

TARGET OPTIONS:

Aud. Transducer: OFF, SF(Sound field), TDH, ER3

Fitting Rule: NAL-NL1, POGO, BERGER, 1/3 Gain, 2 Gain, 2/3 Gain,
Direct, NAL-RP

Age: Adult, 0-2mos, 3-6mos, 7-12mos, 1-2yrs, 2-3yrs, 3-4yrs, 4-5yrs,
5+yrs

Compression: 40-69 dB

Channels: 1-18+

Aid Limit: Multichannel, Wideband, None

Fit Type: Unilateral, Bilateral

Sound Field: 0°, 45°

Reference Position: Head Surface, Undisturbed

4. The clinician may now enter the patient’s audiogram. Use [F1] to select an ear
and press [F2] to select HTL to enter the patient’s hearing threshold levels. Use
the UP/DOWN arrow to select a frequency and use the RIGHT/LEFT arrows to
select the threshold level in 5 dB steps.
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Figure 47 — Audiogram entry screen
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5. If a patient’s hearing loss is conductive or mixed, it is important to enter bone
conduction thresholds when using the NAL-NL1 target. Press [F2] to select Bone
and use the procedure listed in Step 4 above to enter the patient’s bone
conduction thresholds.

6. Press [F2] to select LDL to enter a patient’s measured LDLs using the same
procedure listed in Step 4 above or press [F3] to use predicted LDLs.

7. If performing a binaural fitting and a patient has a similar hearing loss bilaterally,
you may press [F4] and select COPY EAR to copy data to the opposite ear. To
change individual threshold values as necessary, press [F1] to select the
appropriate ear and repeat Step 4 in order to make changes to the copied data.

8. Press [EXIT] to return to the Real Ear Navigation screen.

9. If measured REDDs are available to be entered, perform the following steps:

a. Press[F2] to enter the Real Ear Target
screen. Press [MENU] to enter the Real Ear

Real Ear Target Henu

Target Menu. Use the UP/DOWN arrows to Clisnt Age —omoommmmn Adult

Compression -—---——————— 40 dB

select REDD and use the RIGHT arrow to Mo of Chanrels —eeeeeee I

select Custom. Press [EXIT]. Aid Limit ——--- Hult ichannel

Fit Type -——----——- Bilateral

.. Sound Field ---——- 0 degrees

b. The clinician may now press [F2] to select Ref., Position — Head Surface
REDD and use the same procedure listed in Hisc Figure 48 —

Step 4 above to enter the data. Real ear

target menu

c. Press [EXIT] to return to the Real Ear
Navigation screen.

10.Press [F4] to enter the Real Ear SPL screen.

11. Set up the patient for real ear measurements and level the sound-field speaker
as described in Section 2.1. Insert the hearing aid into the patient’s ear, using
special care not to move the probe tube.

12.Use [F2] to select REARZ2, which uses a 50 dB SPL input signal. Use [F5] to
ensure that the signal source is DigSpeech.

13.Press [START] to measure the output of the hearing aid. Press [STOP] to store
the curve.

14. Analyze the shape of the output curve (labeled curve 2) in comparison to the
target labeled “L”. Make modifications to the hearing aid programming as
necessary in order to best approximate the target. Repeat the output
measurement (if necessary) until programming changes have successfully
resulted in an approximation to target.
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15.Use [F2] to select REAR 3, which uses a 65 dB SPL Speech signal.

16.Repeat Steps 13 and 14 above to measure the output of the hearing aid to an
average input.

17.Use [F2] to select REAR 4, which uses an 80 dB SPL DigSpeech signal.

18.Repeat Steps 13 and 14 above to measure the output of the hearing aid to a loud
input.

19.Use [F2] to select REAR 5, which uses a 90 dB SPL pure-tone sweep.

20.Press [START] to begin the measurement. The test will stop automatically.
Compare this curve, which is the Real Ear Saturation Response (RESR90), to
the patient’s LDLs (labeled “U”) and ensure that the curve never exceeds the
patient’s LDLs.

2.5Performing live speech mapping to verify the output, in real-time, of a hearing aid
in response to an actual speech signal. This tool is best used as a counseling
tool for patients and their family members.
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Figure 49 — Visible Speech unaided response
STEP-BY-STEP
1. From the Opening screen, press [F2] to enter the Real Ear Navigation screen.

2. Press [F1] in the Real Ear Navigation screen to enter the audiogram entry
screen.
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F1 F2 Fa F4 Fo FE F7 Fa
Audiogram Target Inzertion | Feal Ear Yisible
Gain SPL Speech

Figure 50 — Real ear navigation screen function keys

3. Press [MENU] to open the real ear audiogram menu and select the appropriate
settings based on the patient’s audiogram and the hearing aid parameters.
These settings are important for the generation of real ear targets.

4. The clinician may now enter the patient’s audiogram. Use [F1] to select an ear

and press [F2] to select HTL to enter the patient’s hearing threshold levels.
Use the UP/DOWN arrow to select a frequency and use the RIGHT/LEFT arrows to select the
threshold level in 5 dB steps.
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Figure 51 — Audiogram entry screen

5. If a patient’s hearing loss is conductive or mixed, it is important to enter bone
conduction thresholds when using the NAL-NL1 target. Press [F2] to select Bone
and use the procedure listed in Step 4 above to enter the patient’s bone
conduction thresholds.

6. Press [F2] to select LDL to enter a patient’s measured LDLs using the same
procedure listed in Step 4 above or press [F3] to use predicted LDLs.

7. If performing a binaural fitting and a patient has a similar hearing loss bilaterally,
you may press [F4] and select COPY EAR to copy data to the opposite ear. To
change individual threshold values as necessary, press [F1] to select the
appropriate ear and repeat Step 4 in order to make changes to the copied data.

8. Press [EXIT] to return to the Real Ear Navigation screen.
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9. Press [F5] to enter the Visible Speech screen.

10.Press [MENU] to enter the Visible Speech Menu and ensure that the appropriate
target settings are selected. We have found that the optimal settings for visible
speech are to turn off smoothing and the min/max options.

NOTE: Use the UP/DOWN arrows to select a menu option and press the RIGHT arrow to
change a selection. Press [EXIT] to return to the visible speech screen.
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@II Peaks ivivnnans Heasufgq

MinfMax sewvesserrssvenss OFF

ion Setti
Print Label --———-—————- 0ff
Printer --—————————- Internal

Menu Options

Fitting Rule: NAL-NL1, POGO, BERGER, 1/3 Gain, % Gain, 2/3 Gain, Direct, NAL-RP
Age: Adult, 0-2mos, 3-6mos, 7-12mos, 1-2yrs, 2-3yrs, 3-4yrs, 4-5yrs, 5+yrs
Compression: 40-69 dB

Channels: 1-18+

Aid Limit: Multichannel, Wideband, None

Fit Type: Unilateral, Bilateral

Sound Field: 0°, 45°

Reference Position: Head Surface, Undisturbed

Noise Reduction: Off, 4X, 8X, 16X
SlI Peaks: Measured

Smoothing: Off, On

Min/Max: Off, On

Figure 52 — Visible Speech Menu

11. Set up the patient for real ear measurements and level the sound-field speaker
as described in Section 2.1. Do NOT insert the hearing aid yet.

12.Use [F1] to select the appropriate ear and use [F2] to select the first envelope.
When navigating the function keys: press the UP/DOWN arrows to move the cursor up and down
and press the RIGHT arrow to make a selection and return to the test window.

Enw 2
Enw 3
F1 F2 F3 Fd Fa FE F7? Fa
Right Ear Ere 1 Curve Curwe
Select Crv Select On/0FF Actions

Figure 53 — Select curve options

13.Press [START] to begin the test measurement as the clinician or a family
member begins speaking at an average, conversational level.

14. After approximately 15-30 seconds of measuring the live speech stimulus, press
[STOP] to store the envelope.

15.Insert the hearing aid into the patient’s ear, using special care not to move the
probe tube.
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16.Use [F2] to select another envelope. Repeat steps 13 and 14 above.

17.Compare the unaided and aided envelopes and point out the Speech
Intelligibility Index (SII) values to the patient. In this case, the unaided SlI (E1)
was 30 and the aided SlI (E2) was 59, or an improvement of 29%. These values
represent the percentage of the speech signal that is audible to the user and
often convey more meaning to patients and their family members than a
frequency response curve or a decibel value.

SELE o pr e FONIX TYPE 7000 ANALYZER
dBj- - e Yizible Speech
1004- Curves
Mum  <————— RHG--——-5 —
qof- Hame Symbol Meas Last Max Awg Min MR |SII
K --E-' G0 Bl 74 B3 53 4k 30
E? ==ga=: 31 72 92 7B 57 4x] 53
8ol E2 -omg--
Targets
FOp- Name Symbol Dezcription SIT
HTL Hearing Theshold Lewel
BO}- LOWT LLLLLL Low Target 71
AV : HIDT HMMHHH Middle Target 91
;i - ERR Y HIGT HHHHHH High Target 91
50 5 B 1CL Unconfortable Level L
LTRSS

40 Symbol Description

111111 Low LTASS lewel
mmmmmn Mid LTASS lewvel
bkl High LTASS lewel

30f

20

10

N N L N L
.25 R 1 kHz¥ 2 4 g
Press START to start measurement,

Test continues until STOP is pressed,

F1 F2 F3 Fd F& FE F7 Fa SETUR 1
Left Ear Eree 2 Curve Curve 2007-12-19
Select Crv Select OnAOfF Bctions 9121 150hM

Figure 54 — Visible Speech aided response

Note...Visible speech is a test measurement that should be experimented with in the clinic.
Each clinician will find different display settings and demonstrations that he or she will find most
useful. For example, one may demonstrate the improved SlI that results from turning up the
volume control or may demonstrate the decrease in the Sll that results from the spouse or
family member turning their back to the patient when they are speaking.
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2.6 Verifying real-ear noise reduction function of a hearing aid using bias tones

GAIN : Inzert

L FOML¥ TYPE TOOO ANALYZER
v JGain

Real Ear Inzertion Gain

Curve Characteristics
Curve  <——Source———> RH5 HR
Mame Titl Type Tranz dBE Out

------------ PLIT REUG TWP 5.F, E5 103,3 4%
_________ PL2= FEAG DMP S.F. E5 103,3 4Y
-1o PL3= REAG IWP S.F. EB5 99,0 OFF
PL4= REAG IWP S.F, B5 94,6 4¥
gEE REAG WP S.F. E5 96,5 OFF
-20 PLE= REIG
...... PL7= REIG
_ PL8= REIG
GAIN Hld?df PL3= REIG
Unaided at TERG

Source: DigSpeech, AMSI Weighted

Biss Tone: 4000 H, 7o dB
Projected MNoise Reduction: OFF
Reference Mic: OFfF
Smoothing: Log
Unaided: Custom
Output Limity 140 dBSPL
Target Formula: MAL-HL1

Source EBS dBSPL

: Left.
+| Eat

25 5 A 2 4 3
Uze UP/DOMM to select test level, Press START to run test,
Press MEMU for local menu, Press EXIT to leawe screen,

F1 F2 F3 Fd F5 F& F7 F2 SETUP 1
Left Ear REAG 5 Curve Curve DigSpeech 2007-12-11
Select Select Crw OnAOFF Actions | Select Src 11:02102AM

Figure 55 — Real-ear noise reduction verification using bias tones
STEP-BY-STEP

1. From the Opening screen, press [F2] to enter the Real Ear Navigation screen.

no

Press [F2] to open the Real Ear Insertion Gain screen.

3. Set the patient up for real ear measurements and level the sound-field speaker
as described in section 2.1.

4. Insert the hearing aid into the ear with special care not to move the probe tube. It
is not necessary to perform an unaided measurement since the purpose of this
test is only to verify the noise reduction feature of the hearing aid.

5. Use [F2] to select REUG 1, which uses a 65 dB SPL input signal. Verify that

DigSpeech is selected as the source using the [F5] key. (Even though you are
selecting what is technically an unaided curve, the hearing aid IS in the patient’s
ear...This allows you the flexibility to measure an additional bias tone frequency.)

F1 Fa F3 F4 Fa FE F7 Fa
Left Ear REAG 2 Curwe Curve DligSpeech
Select Select Crv On/0FF Actions |Select Src

Figure 56 — Real ear select curve options
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6. Press [START] to measure the insertion gain of the hearing aid. Press [STOP] to

store the curve.

7. Press [MENU] to open the
Insertion Gain Menu. Use the
up/down arrow to select the
Bias Tone option under the
Source heading and use the
right arrow to select a bias
tone level of 70 dB SPL.

8. Press [EXIT] to return to the
test screen.

9. Press [F2] to select the next
curve.

10.Use the right and left arrow
keys to select the frequency of
the bias tone. Note the bias
tone frequency location, as
indicated in the boxed section
of Figure 55.

Real Ear Insertion Gain Menu

Display
Data/Graph ouvverrsrias Graph  Static TOME uvsrsrrsesas OFF
Smoothing ——-—-——-——-———— Log

Hug Freqs ——————————
Biaz Tone ...

Heasurements Composite Tuype ..... Standard
Qutput Limit ———- 140 dB SPL Composzite Filter ——————- ANSI
Uhaided ——————- Custom
REUR Auto Adjust —————— Off Aid/Telays
Auto Test orrirsrsrss Manual — Aid Type ———-—-——-—-——-—- BGE
Reference Mic —----——---—- On  Sueep Start Delay ——-—-———- 500
Hoize RediTone) ————— 0ff  Sweep Meaz Delay ———————- ]
Moize RediComp} —--——————- 4% Mi=c Start Delay ————-— [aly]
Mizc Meaz Delay -—-—--———- 100
Targets
Fitting Rule ——————— MAL-HL1 Printer
Elient Age —————————-—- Adult  Print Label -—————-—-————- 0FF
Compression —————--————— 40 dB Printer -—————-—————- Internal
Mo, of Charnels —-——————- 15
Aid Limit -—————- Hultichannel
Fit Type —————————- Bilateral
Sound Field ————- 0 degrees

Ref, Pozition -- Head Surface

Figure 57 — Insertion gain menu

Options for bias tone frequency range from 200 to 8000 Hz in varying increments.

11.Ensure that the signal amplitude is 65 dB SPL and the signal source is
DigSpeech. Press [START] to begin the measurement.

12.When the curve has stabilized press [STOP].
13.Use [F2] to select another curve for testing at another bias tone frequency.

14.Repeat steps 8 through 10 for testing at additional bias tone frequencies,
ensuring that the signal amplitude remains 65 dB SPL and the signal source

remains digital speech.

Note...The use of the continuous pure-tone bias signhal (available in 100 Hz increments) acting
as a noise source presented simultaneously with the modulated speech composite signal allows

the clinician to more effectively verify the effectiveness of the noise reduction feature of the
hearing aid in reducing the gain/output only in the frequency region surrounding the distracting
noise while leaving intact the frequency region above and below the distracting noise. This,
theoretically, would result in improved communication and comfort in noise because the
reduction in gain will be in a restricted segment of the frequency response instead of a larger
segment of the frequency response in response to a noise. It is believed that hearing aids with
greater channels of noise reduction could lead to better performance in noise (and feedback

management) because in multichannel aids narrower and narrower segments of the frequency

response are reduced in response to noise (or feedback) within the environment.

Change to
70dB
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2.7Measuring the magnitude of the occlusion effect.

GAIME 0 i i o P A T Insert FONIX TYPE 7000 ANALYZER
o | Pdiolhi L Bain Real Ear Insertion Cain

I é.-gu.g.. -.E'.g.. ..?'-E.- ..5”.5-. .-5”.5.”5'-' Curve Characteristics
Curve $-—Cource—-—> RFHS MR
gofooiod : o o A Mame Titl Type Tranz dB  Out

FL1 REUR DSP 5.F, OfF
I R N H oo PL2= REAR DSP S,F, Off 73,5 4X
50 S oo AEE REAR ISP 5.F, OFF 84,2 4X
Lo HE [y PLS FREAR PSP S.F. 90
4 A PLE= REIG
Sl SN L AT g FL7+ REIG
: : : : : : : ; : : R : o PLS REIG

Aided/ |PL9 REIG

SPL -
dB et T S S - haided | A4 TARG
0 2. E Occluded Source: Spectrum Mode

oY : ! Sound Field. Leveled
Bobo oA .] Unoccluded _ Bias Tone: OFF
F Lo : L — S— Projected Moize Reduction: 4X
S R R SRREEEEE R Reference Mici OFf
My . L Smoothing? Log
Unaided: Custom

Output Limity 140 dBSPL

40 L Target Fornulas NAL-HLL

T Left

Ear Source OFf dBSPL

S 5 1T oy 2 4 @
lUze UPADOWM to select test lewel, Press START to run test,
Press MEMU for local menu, Press EXIT to leave screen.

F1 F2 F3 F4 F5 F& F7 Fa SETUF 1
Left Ear REAR 3 Curve Curve DigSpeech 2007-12-11
Select Select Cru On/OFF Actions | Select Src 10:28:21AK

Figure 58 — Verification of the magnitude of the occlusion effect
STEP-BY-STEP
1. Press [F2] from the Opening screen to enter the Real Ear Navigation screen.

2. Press [F2] to enter the Real Ear Insertion Gain screen.

Verify that the bottom graph ordinate is in dB SPL (“SPL” should appear in the upper left corner of
the display). If it reads “GAIN,” the display will need to be changed to SPL by following these
steps:

a. Press [MENU] from the Insertion Gain screen to open the local menu.
b. Use the up and down arrows to select Display under Display Settings.
c. Use the left and right arrows to choose SPL.

d. Press [EXIT] to return to the Insertion Gain screen.

3. Set the patient up for real ear measurements and level the sound-field speaker
as described in section 2.1.

4. Use [F2] to select REAR 1. The hearing aid is NOT yet in the ear.
5. Press the down arrow repeatedly until the source is OFF.

6. Press [START] to begin measurement. Instruct the patient to vocalize and
sustain the “ee” sound. (For greater accuracy, it is recommended that a sound
level meter (SLM) be used to maintain a vocalization at approximately 60 dB
SPL.)

7. Press [STOP] to store the response of the unoccluded ear canal.
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8.

9.

Insert the hearing aid. MAKE SURE THAT THE AID IF OFF! Special care
should be taken not to move the probe tube.

Use [F2] to select REAR 2.

10.Again, press the down arrow repeatedly until the source is OFF.

11.Press [START] to begin measurement. Have the patient sustain the “ee” sound

(preferably while monitoring a SLM to maintain the vocalization at approximately
60 dB SPL).

12.Press [STOP] to store the response of the occluded ear canal.

Note..

. The difference between these two curves represents the occlusion effect (OE). This

procedure can be used to verify the lack of occlusion with open fits because in this case the two
curves would essentially superimpose. Another use would be to determine the effectiveness of
strategies to reduce the OE (e.g., widen a vent so that the occluded response arrives closer to
the unoccluded response). Another example might be to verify the effectiveness of occlusion
management feature in some current hearing aids.

2.8 Measuring Loudness Discomfort Level (LDL) in dB HL and dB SPL.

STEP-BY-STEP

1.
2.
3.

In the Opening Screen press [Menul].
Press [F6] for Calibrate Microphones.

Use the down | arrow key to select “Probe mic.” On this screen, you will see the
measured dB SPL generated in the ear canal from the insert or TDH headset.

Instruct the patient:

“The purpose of this test is to find your judgments of the loudness of different sounds.
You will hear sounds that increase and decrease in volume. | want you to make a
judgment about how loud the sounds are. Pretend you are listening to the radio at that
volume. How loud would it be? After each sound, tell me which of these categories best
describes the loudness. Keep in mind that an uncomfortably loud sound is louder than
you would ever on your radio no matter what mood you were in. When responding to
each sound, it is OK to skip a category, or to repeat a category. Do you have any
guestions?”

Categorical Loudness Anchors

7. Uncomfortably Loud
6. Loud, but OK
5. Comfortable, but Slightly Loud

4. Comfortable
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3. Comfortable, but Slightly Soft
2. Soft

1. Very Soft

0. Cannot Hear at All

5. Place the probe tube in the ear canal of the test ear so the
tip is 6 mm from the TM and tape the probe tube in place.

6. Position the insert earphone of TDH headset into or onto
the test ear.

7. Present a continuous pure-tone from the audiometer to the
insert earphone or headset @ 500, 1000, 2000, 3000 and
4000 Hz

8. Complete a practice run @ 1000 Hz

9. Use an ascending procedure starting @ 20 dB SL re:
threshold at 1000 Hz.

10.Increase 10 dB until the patient provides a response of

“Uncomfortably loud” (7). Figure 59 — Probe mic and
insert earphone placement
11.Decrease 10 dB and begin to ascend in 5 dB steps for measuring LDLs

until the patient provides a response of “Loud, but OK” #6.
Then ascend in 5 dB steps until the patient once again provides a response of
“Uncomfortably Loud”

12.Decrease 10 dB and increase 5 dB until patient provides the same LDL for a
loudness judgment of “Loud, but OK” (#6) half the time. This is the LDL for the
test frequency and ear.

13.Repeat at 2000, 3000, 4000 and 500 Hz and then test the opposite ear.

14. At the first test frequency (1000 Hz), present a 70 dB HL signal. On the monitor,
the clinician should see a value greater than 70 dB SPL. If the value is less than
70 dB SPL, then either the probe is clogged or pinched. The clinician needs to
replace or reposition the probe tube.

15.The difference between the dial reading on the audiometer (70 dB HL) and the
measured SPL seen on the monitor is the REDD (Real-Ear-To-Dial-Difference).
Quickly repeat this measure at 2000, 3000, 4000 and 500 Hz.

16.You can add the REDD to the audiometric threshold at each frequency to convert
audiometric threshold (dB HL) to threshold in dB SPL. This can be a very useful
tool for clinicians who believe in the verification process of assuring that soft
sounds (in dB SPL) are audible (i.e., live speech mapping). Measuring the REDD
and adding these values to the patients audiometric threshold is far more
accurate than entering thresholds into a real ear analyzer and have the software
complete average transformations!
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17.When the clinician establishes the LDL at each frequency, simply note the value

in dB SPL on the monitor. Record that value (as well as the corresponding value
in dB HL) on the Table below and place it in the patient’s chart to be used later
when measuring the real ear saturation response (RESRg) at the time of the
fitting.

Table to document LDL in dB HL and SPL and placed in the patient’s chart.
Right Left

Hz HL SPL HL SPL

500

1000

2000

3000

4000

2.9 Measuring Transcranial Thresholds (TCT) dB HL and dB SPL.

Note..

. Patients with unilateral hearing loss have several fitting options available. One option is

a transcranial CROS. This is fitting a high gain/output hearing aid in the poor ear with the goal
for the amplified signal to be heard in the cochlear of the better ear. The following procedure
allows the clinician to measure the transcranial threshold (TCT) of the better ear. The magnitude
of the TCT at any audiometric frequency will be impacted by a] the bone conduction threshold of
the better, b] interaural attenuation and c] the REDD. When measured, the TCT can then be
used at the time of the fitting to verify that the REAR exceeds the TCT for soft, average, and
loud input signals.

STEP-BY-STEP

1.
2.
3.

In the Opening Screen press [Menu]
Press [F6] for Calibrate Microphones.

Use the down | arrow key to select “Probe mic.” On this
screen that you will see the measured dB SPL generated
in the ear canal from the insert or TDH headset.

Instruct the patient the same way you would when
measuring audiometric threshold.

Place the probe tube in the ear canal of the test ear so the
tip is 6 mm from the TM and tape the probe tube in place.

Position the insert earphone of TDH headset into or onto
the test ear.

Present a continuous pure-tone from the audiometer to

Figure 60 — Probe mic and
insert earphone placement
for measuring LDLs
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the insert earphone or headset @ 250, 500, 1000, 2000, 3000 and 4000 Hz.
8. Complete a practice run @ 1000 Hz.
9. Use an ascending procedure.
10.Increase 10 dB until patient indicates he/she heard the sound.

11.Decrease 10 dB and begin second ascend in 5 dB steps until patient once again
indicates he/she heard the sound. Find the lowest level the patient responds 50%
of the time he/she has just heard the sound (i.e., threshold).

12.Repeat at the other test frequencies.

13. At the first test frequency (1000 Hz), present a 70 dB HL signal. On the monitor,
the clinician should see a value greater than 70 dB SPL. If the value is less than
70 dB SPL, then either the probe is clogged or pinched. The clinician needs to
replace or reposition the probe tube.

14.The difference between the dial reading on the audiometer (70 dB HL) and the
measured SPL seen on the monitor is the REDD (Real-Ear-To-Dial-Difference).
Quickly repeat this measure at 2000, 3000, 4000 and 500 Hz.

15.When the clinician establishes the TCT at each frequency, simply note the value
in dB SPL on the monitor. Record that value (as well as the corresponding value
in dB HL) on the Table below and place it in the patient’s chart to be used later
when measuring the REAR at the time of the fitting.

Table to document TCT in dB HL and SPL and placed in the patient’s chart.

Right Left
Hz HL SPL HL SPL
500
1000
2000
3000

4000
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2.10 Insertion gain measurement of CROS and BICROS Performance

Measuring the Head Shadow Effect

GooD BAD
EAR EAR
120
-
\ SPEAKER
PROBE MIC
GOOD BAD
EAR EAR

12” l
<+
/ SPEAKER

PROBE MIC

Figure 61 — Measuring head shadow effect

First Measure

a. Reference microphone disabled

b. Do not level

c. Place probe microphone OVER the bad ear

d. Store as UNAIDED

Second Measure
a. Place probe microphone OVER the good ear
b. Store as AIDED

c. Difference REIG curve is seen on the next
Figure as the Head Shadow Effect

Measuring how CROS Overcomes the Head Shadow Effect

GOOD BAD
EAR
2..
SPEAKER
PROBE MIC REFERENCE MIC

Figure 62 — Measuring how well CROS
overcomes the head shadow effect

First Measure

a. Reference microphone enabled and placed over
the poor ear

b. Probe microphone in the good ear

c. Level

d. Measure REUG and store as UNAIDED
Second Measure

a. Place receiver into the good ear and the
transmitter is placed over the poor ear

b. Measure and store as AIDED

c. Difference REIG curve shows benefit from CROS
for sounds arriving from the poor ear.
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Measuring how BICROS Overcomes the Head Shadow Effect

BETTER BAD
EAR EAR
12"
<—
/ SPEAKER
PROBE MIC REFERENCE MIC

Figure 63 — Measuring how well BICROS
overcomes the head shadow effect

First Measure

a. Reference microphone enabled and placed
over the poor ear

b. Probe microphone in the good ear
c. Level

d. Place receiver in the good ear and turned ON
place transmitter over the poor ear and is OFF

e. Measure and store as UNAIDED
Second Measure

a. Turn transmitter ON; measure and store as
AIDED.

b. Difference REIG curve shows benefit of adding
the 2™ microphone for signals arriving from the
poor ear.

Measuring if the REIG of a CROS fitting matches a valid prescriptive target

GOOD BAD
EAR EAR

PROBE MIC 12" REFERENCE MIC

SPEAKER

First Measure

a. Reference microphone enabled and placed over the
poor ear

b. Probe microphone in the good ear

c. Level and store as UNAIDED
Second Measure (REAG of good ear)
a. Aid in good ear

b. Store as AIDED

Difference REIG curve shows benefit from CROS aid to
target

Figure 64 — Measuring overall REIG to target for a CROS aid



Real Ear Measurements

51

Measuring if the REIG of a BICROS fitting matches a valid prescriptive

First Measure: REIG for better ear

a. Reference microphone enabled and placed over the

b. Probe microphone in the good ear

c. Level and store as UNAIDED

b. Store as AIDED

target
BETTER BAD
EAR EAR poor ear
PROBE MIC 12" REFERENCE MIC
SPEAKER target

Figure 65 — Measuring overall REIG
to target for a BICROS aid.

2.11 Using the Frye 7000 as a spectrum analyzer to measure feedback.

STEP-BY-STEP

Second Measure: REAG for better ear

a. Aid in good ear and both microphones are ON

Difference REIG curve shows benefit from BICROS aid to

1. From the Opening screen, press [F2] to enter the Real Ear Navigation screen.

2. Press [F4] to enter the Real Ear SPL
screen.

3. Press [MENU] to enter the Real Ear SPL
Menu.

NOTE: Use the UP/DOWN arrows to select a
menu option and press the RIGHT arrow to
change a selection.

a. Select Graph as the Data/Graph
option under the Display
heading.

b. Turn the Reference Mic to Off
under the Measurements
heading.

c. Press [EXIT] to return to the test

Real Ear SPL Menu

Data/Graph suvessvssnes Graph
Smoothing ----—————————— Log
Output Limit ————- 140 dB SPL
Unhaided --———-———-——----- Fug
REUR Auto Adjust —————--—— On
Auto Test wewsvrrrrnes Manual
Reference Mic -————————--—- Off
Moize RediTone) —-—————--- 0Off
Moize RediComp} -—————-—--- 4%
Fitting Rule -——— MAL-ML1
Client Age ---——————— Adult
Compression —————————— 40 dB
Mo, of Chanrels ———————— 15
Aid Limit -——-—- Multichannel
Fit Type -----———— Bilateral
Sound Field -———— 0 degrees

Ref, Position —— Head Surface

Source
Static Tone sievesivvssss OfFf
Avg Fregqs -----———— HFA 2500
Biaz Tane .ivvvsvvrsnriss aoff
Tone Filter —————————— Flat
Composite Tupe ..... Standard
Composite Filter ————— AMSI
Aid Type - AGC
Sweep Start Delay ————- paln]
Sweep Meas Delay ——————— 50
Mizc Start Delay —————— falule]
Mizc Meas Delay ————— 100
Print Labgl --—————————— OfFf
Printer ———---—————— Internal

screen.

Figure 66 — Real Ear SPL Menu
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4. Set the patient up for real ear measurements and level the sound-field speaker
as described in section 2.1.

5. Press [F1] to select the appropriate ear.

6. Press [F3] and turn off all of the following curves: REUR, HTL re, LOWT re, MIDT

re, HIGT re, LDL re, LTASS.
When navigating the F1-F8 settings: press the UP/DOWN arrows to move the cursor up and
down and press the RIGHT arrow to make a selection and return to the test window.

FERR 2 Mo
FEAR 3 Mo
FEAR 4 Mo
FERR 5 Mo

HTL re OFf
LOWT re OFf
HIDT re OFF
HIGT re OFF
ICL re Off
LTRSS  OfFf

F1 F2 F3 Fd F5 FE F7 Fa
Right Ear REAR 2 Curwe Curve DigSpeech
Select Select Cry On/OFF Actions | Select Src

Figure 67 — Curve on/off options with the appropriate curves turned off

7. Use [F2] to select an aided curve.
8. Inthe Real Ear SPL screen, press the down arrow until the source is OFF.

9. Press [START] to measure the output of the hearing aid. Press [STOP] to store

the curve.
SPL FONIH TYPE 7000 AMALYZER
dE Real Ear SPL
130 Curve Characteristics
Curve  <--Source---> RM5 Probe MR
Mamz Titl Type Tranz dB Out Meas
120
PRl1e REUR DWG S.F, OfF Real
PRZ FEAR IWP S.F, 50 Real

110} EEE REAR DSP S.F. OFF 1.4 Real 4%

PR4 REAR IWP S,F, &80 Real
PR% REAR PSP S,F, 90 Real
Te HTL
Le LOWT

100

Mo MIDT
He HIGT
s LICL

30

80 Source: Spectrum Mode

Sound Field, Leveled
Biaz Tome: OFF
Projected Moise Reduction: 4%
Reference Mic: OFf
Smoothing: Log
Unaided; Auwg
Output Limit: 140 dBSPL
Target Formulay MAL-WL1

Rishl} |Source OFF dESPL

Ear

70

BOE-

G0

I - e T
58 5 1 kR 2 1 B
Uze UPADOWW to select test lewel., Press START to run test,
Press MEMU for local menu, Press EXIT to leave screen,

F1 F2 F3 F4 F5 F& F7 Fa SETUP 1
Right Ear REAR 3 Curve Curve DligSpeech 2007-12-18
Select Select Crv On/OFF Actions Select Src 2:03:10PM

Figure 68 — Spectrum analysis of a hearing aid without feedback
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SPLE ¢ i i p o r FONIX TYPE 7000 ANALYZER
dB : T Feal Ear SPL
120 Curve Characteristics
Curve  <—Source-——> RM5S Probe MR
Mame Titl Type Tranz dB Out Heas
1104
FPRle RELUR IMG 5S,F. OFF Real
PRZ2 REAR DWP 5S,F, 50 Real
oot IEE REFR ISP S.F. OFf B6.5 Real 4%
FR4 REAR DWP S,F, 80 Real
PR REAR PSP S,F. 90 Real
L A Te HTL
Le LOWT
He MIDT
ang-- Hs HIGT

e LCL

ol

Sourcei Spectrum Mode
Sound Field, Leveled
Bias Tone:; OFF
Projected Moize Reduction: 4%
Reference Mic: OfF
Smoothing: Log
Unaided: Awg
Output Limit: 140 dBSPL
Target Formula: MAL-MLL

RithISDUPCE Off dBSPLI
Ear

B0

G0 P

40f-;

50 .25 .5 1 {kHz} 2 4 8
Uze UPSDOMM to select test lewel, Press START to run test,
Press MENU for local menu, Press EXIT to leawe screen,

F1 F2 F3 F4 F5 F& F7 Fa SETUP 1
Right Ear FEAR 2 Curwe Curwe TigSpeech 2007-12-18
Select Select Crv On/OFf Actions Select Src 2321 :50PH

Figure 69 — Spectrum analysis of a HA with feedback as characterized by
instability in spectrum analysis and peak at approximately 3000 and 6000
Hz). The clinician can also use the earphones and amplifier (volume control
knob) delivered with the Frye 7000 and placed in the probe module to listen
for an “echo” and the presence of feedback. Often the perceived presence of
the echo is an “early sign” of the feedback and is the beginning of the change
of the waveform during this spectrum analysis .
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130 Curve Characteristics
Curve  <——Source——2> RM5 Probe MR
Mame Titl Type Trans dBE Out  HMeas
1204
PRie REUR DMG 5.F, OFf Real
PRZ REAR DMP S.F, GO Real
Lot EE= REAR ISP 5.F, OFF 126,09 Real 4%
PR4 REAR DWP S.F, 80 Real
PRG REAR PSP S.F, 90 Real
100} T HTL
Le LOWT
He HIDT
of-- He HIGT
e UCL

Ot Source: Spectrum Mode

Sound Field, Leveled
Bias Tone: OFF
Projected Noize Reduction: 4%
Reference Micy Off
Smoothing: Log
Unaided: Awvg
Output Limity 140 dBSPL

I

gof--

Target Formula: MAL-ML1

Right) Source OFF dBSPL
Ear

WoE 5 1 e 24 8
Use UP/DOWM to select test lewel. Press START to run test,
Fress MENU for local menu, Press EXIT to leawe screen,

5 [

F1 F2 F3 F4 Fo FE F7 Fa SETUP 1
Right Ear REAR 3 Curve Curve DigSpeech 2007-12-18
Select Select Crw On/OFF Actions Select Src 2113:58PH

Figure 70 — spectrum analysis of hearing aid with audible “whistling” feedback.
It’s interesting to note that a difference as little as 1 dB can change a measure as
seen in Figure 67 to the one seen in this Figure!
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Note... Verification of the feedback feature requires three measures. The first measure is to
determine the Maximum Stable Gain with the feedback feature off (MSBrgo). The second is
Maximum Stable Gain with the feedback feature on (MSGgg,n). The final measure is Added
Stable Gain (ASG) which is simply MSGggon (-) MSBggoir. ASG documents the amount of
additional gain provided to the patient with the activation of the feedback feature. MSGgg,f IS
measured by increasing the overall gain of the hearing aid until the spectrum analysis as shown
in Figure 70 is illustrated on the monitor. At this point, the clinician would reduce the gain by 1
dB or until the spectrum analysis as show in Figure 68 is reported. This measure provides the
clinician with a “picture” of the “maximum” output of the aid available prior to the presence of
feedback. Now, the clinician activates the feedback feature and repeats this measure
(MSGegon). If the feedback feature is effective, then the MSGeg,, Will report greater output than
MSGeggor @and the difference between these two measures (ASG) is the effectiveness of the
feedback feature in providing the patient with greater useable gain/output.

2.12 Measuring the real-ear attenuation of a hearing protector device.

GRIN {Insert FONIX TYPE 7000 ANALYZER
dBi--- . . o Gain Real Ear Insertion Gain
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Curve <--Source—> RMS MR |
Name Titl Type Trans dB Out |
0 | |
: |PL1= REUG WP S.F. 65 73.7 4X
k " W= REAC WP S.F. 65 56.2 X
10 P : ] PL3 REAG WP S.F. 65 |
_ \\ , o3 PL4 REAG DWP 5.F. 80
: . N PL5 REAG PSP S.F. 30
20 o Dl Lo Al / PLBY REIG
: o el E PL7 REIG
S N PL8 REIG
s ' Aided/ |PL9 REIG
- : - jUnaided | n TARG
dB |
20
L] ) Source: DigSpeech, ANSI Weighted
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10 - A y }L Bias Tone: OFF
o~ b} o - {
R (A \ Projected Noise Reduction: 4X
fl e i ,.‘J Reference Mic: On
of- L Smoothing: Log
b 7 Unaided: Custom
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-10 B ’ P Target Formula: NAL-NL1
'3 \ / “2\,‘I p =l \ M Left
e W W Ear Source 65 dBSPL
-20 R i
2B 5 1 {kHz} 2 4 3

Figure 71 — Real ear attenuation of a foam earplug

STEP-BY-STEP

1. From the Opening screen, press [F2] to enter the Real Ear Navigation screen.
2. Press [F3] to enter the Insertion Gain screen.

3. Set the patient up for real ear measurements as described in Section 2.1.

4

Press [LEVEL] in order to calibrate the sound-field speaker and the reference
microphone.
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5. Use [F1] to select the test ear. Use [F2] in the Insertion Gain screen to select
REUG 1. Ensure that the source is DigSpeech and that the level is 65 dB SPL.

F1 F3 Fd Fo FE F7 Fa
Left Ear REAG 2 Curyve Curve DigSpeech
Select Select. Crv On/OFF Actions | 5Select Src

Figure 72 - Real ear select curve options

6. Press [START] to begin measurement and press [STOP] to store the measured
response.

7. Insert the earplug, taking special care not to change the position of the probe
tube.

8. Use [F2] to select REAG 2. Ensure that the source has remained DigSpeech
and use the up arrow to increase the amplitude to 65 dBSPL.

9. Press [START] to begin measurement and press [STOP] to store the measured
response.

Change to “Data”

10.Press [MENU] to change the

Display to “Data,” which will allow feal For ‘y/
you to see the exact decibel Display , Source
. DatasGraph uivvsvesvss Graph| Static Tome ...vesvvsrsss off
attenuation at each measured fug Fregs ——-———-nov HFA 2500
izplay S Bias Tone suvvsvsrvssrnss Off
frequency. Tone Filter —l2202t Flat
Heazurenents Composite Tupe ..... Standard
a Use the Up/down arrows to Output Limit ————- 140 dB SPL  Composzite Filter -—————- ANSI
. Unaided ——————---————- Custom
REUR Auto Adjust ------—— 0ff Aid/Telaus
SeIeCt Data/G raph AUED TESE suvsssssssss Marual  Aid Type —————--------- AGC
Reference Mic ----—----——- On  Sweep Start Delay --————- R0
H Moize RediTone) -------—— Off  Sweep Meaz Delay --------— [og
b. Use the right arrow to select Noise Red{Conp} -~ 4% Misc Start Delay ————-— 500
Hisc Meas Delay --———---- 100
pata Fitting Rul Printer
itting Rule ———---—-
c. Press [EXIT] to return to the Client Age == Print Label —------=-=-- oF
' . X Compression —— Printer ———————————- Internal
Real Ear Insertion Gain Mo, of Chamnels ---------- 1§
Aid Limit ————- fultichannel
screen. Fit Type —————--—- Bilateral
Sound Field ——---- 0 degrees
Ref, Pozition -- Head Surface

Figure 73 — Real ear insertion gain menu
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SR |
Probe Left REIG2

Freq Gain Freq Gain Freq Gain Freq Gain

Hz dB Hz dB Hz dB Hz dB
2100 -23.1 4100 -21,6 6100 -11,2
200 -8,4 2200 -23,6 4200 -20.4 B200 -11.4
300 -9.8 2300 -24,1 4300 -13,0 B300 -10.3
400 -12,6 2400 -25.8 4400 -17,2 6400 -11,1
500 -15,1 2500 -26,6 4500 -16.3 6500 -10.6
600 -16,8 2600 -26,4 4600 -16.4 6600 -9.8
700 -13,6 2700 -29,6 4700 -17,2 G700 -8.7
800 -21,6 2800 -32,1 4800 -18,2 6800 -10,0
900 -22,8 2900 -31.9 4900 -18.4 6900 -9,3
1000 -25,4 3000 -32,4 5000 -17,0 7000 -9.8
1100 -25,1 3100 -30,1 5100 -17,3 7100 -8.7
1200 -25,0 3200 -30.5 5200 -15,2 7200 -8.4
1300 -20,2 3300 -29,1 5300 -13.5 7300 -9.5
1400 -13,9 3400 -28,8 5400 -11,3 7400 -9,2
1500 -22,5 3500 -28,3 5900 -9,5 7500 -8.0
1600 -23,7 3600 -28,5 5SRO0 -B8,3 7600 -9.5
1700 -22,4 3700 -27.7 5700 -8,6 7700 -11.0
1800 -20,3 3800 -27,7 5800 -9.1 7800 -11.5
1300 -20.1 3300 -26,3 5900 -10,2 7900 -12.4
2000 -21,3 4000 -24.6 6000 -11,1 8000 -12,5

Left
Ear

FONIX TYPE 7000 ANALYZER
Real Ear Insertion Gain

Curve Characteristics
Curve <—Source—> RMS MR
Name Titl Type Trans dB Out

|PL1= REUG DWP

S5;F. 65 7B.7 4R
B REAG DWP S.F. B5 56,2 4X
PL3 REAG DWP S,F, 65
PL4 REARGC DWP S.F, 80
PLS REAG PSP S.F. 90
PLB4 REIG
PL7 REIG
PL8 REIG
PLS REIG
A TARG

Source: DigSpeech, ANSI Weighted
Sound Field, Leveled
Bias Tone: OFF

Projected Noise Reduction: 4X

Reference Mic: On

Smoothing: Log

Unaided; Custom

Output Limit: 120 dBSPL

Target Formulas NAL-NL1

Source 65 dBSPL

Figure 74 — Insertion gain data providing frequency specific
attenuation data for the earplug. Notice that the greatest
attenuation, approximately 30 dB, is provided around 3000 Hz.

Note...The top display graph in Figure 71, labeled “Insertion Gain,” illustrates the

amount of attenuation provided by the foam earplug across the frequency range. The
numerical data in Figure 74, correspond with that insertion “attenuation” curve (labeled
6) in Figure 71. This measurement may be used to verify the response of a musician

earplug or may be helpful in counseling employees enrolled in hearing conservation
programs as to the proper insertion of hearing protector devices.
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