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Introducing HEARLab

1.1 System Overview

Welcome to the HEARLab™ System, manufactured by Frye Electronics, Inc. under license
by the National Acoustics Laboratory (NAL) of Australia.

This manual describes the Aided Cortical Assessment (ACA) software module, which
is intended to help determine if a person who has been fitted with a hearing assistance
device (such as a hearing aid) is actually hearing sounds in the low, mid and high fre-
quency bands associated with normal hearing.

The HEARLab ACA module also contains the Cortical Tone Evaluation (CTE) sub-mod-
ule. In the CTE mode a number of frequency specific tone bursts can be used to evaluate

the audibility of specific frequencies at different levels.

The HEARLab system consists of a personal computer running the HEARLab ACA soft-
ware module in the Microsoft Windows® environment, and a set of specialized but
versatile hardware components. The hardware contains electronic circuits that can be
configured and controlled by the software to deliver the correct acoustic stimulus and to
acquire the evoked cortical response. The software performs the required signal process-
ing, manages record keeping and interacts with the tester.

MONITOR

SPEAKER

(or Insert earphones

or Bone conductor)

————{1)

| —

HEARLab

o

)) D

SUBJECT

ELECTRODES

o——
o—

COMPUTER

1.2 Intended Use

STIMULUS
CONTROLLER

ELECTRODE
PROCESSOR

The HEARLab ACA device is intended for use in the recording and analysis of human
electro-physiological data, in the form of the Cortical Auditory Evoked Potential (CAEP)
as an aid in the assessment of auditory function.

HEARLab ACA presents stimuli to the test participant via free-field loudspeakers, insert
earphones or bone conduction. It allows the audibility of speech sounds and highly fre-
quency-specific tone bursts to be assessed by recording, analyzing and displaying the cor-
tical response waveforms evoked by these stimuli. It is designed to be used as a tool for
audiologists or other hearing health care professionals, who have training in the record-

ing of evoked potentials.
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HEARLab ACA can be used for assessment of all age groups, from newborn infants to the
very elderly, given that the test participant is able to remain awake, alert and reasonably
still and quiet during the recording time. It is important to note that if the test partici-
pant is too active cortical responses may be masked by noise. Because CAEPs to acoustic
stimuli are involuntary, HEARLab is especially useful in assessing individuals when
behavioral audiometric results cannot be obtained, or when behavioral test results are
deemed unreliable. For example, babies who are developmentally too young for behav-
ioural testing (such as Visual Reinforcement Orientation Audiometry, or VROA), adults
who have physical or cognitive difficulties, or children and adults who will not cooperate
in standard behavioural tests (i.e., suspected non-organic hearing loss cases).

In these “difficult to test” populations, HEARLab ACA can be used as an adjunct to hear-
ing aid evaluation, allowing the audiologist to assess the audibility of speech sounds
when amplified by a particular hearing aid gain-frequency response. It has been purpose-
fully developed for testing infants who have been referred for hearing aid fitting follow-
ing neonatal hearing screening, and who are too young for VROA testing.

HEARLab ACA offers two test modes (modules) referred to as ACA mode and CTE mode.
Each of these modules has a specific application.

See Chapter 7 for more information on how and when to use the ACA and CTE mod-
ules. Chapter 8 has information on the scientific background of Cortical Auditory Evoked
Potential (CAEP) measurements.

1.3 Safety and Precautions

1.3.1 Meaning of Symbols

These symbols are found on the Stimulus Controller.

) Patient applied parts of HEARLab are type BE.

Read the accompanying documents. Please read this manual before operating
HEARLab.

-E— Replace fuses only with same type and rating (1A, 250V, Time LAG).

c € CE signifies compliance with the European Union’s Medical Devices

Directive 93/42/EEC.
0086
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Shipping
The following symbols are included on the electronic module shipping box:

S Keep dry. The HEARLab System should not be exposed to water or
‘ other fluids.

65°C

The shipping/storage temperature of the HEARLab System is -40 to
-40°C 65 degrees Celsius (-40 to 149 degrees Fahrenheit)

95%
The shipping/storage Humidity of the HEARLab System is 10 to 95

percent relative humidity (non-condensing)
~_
10%

1.3.2 Reporting/Factory Location

If you are located in the European Union, please report all safety-related concerns to
our authorized representative:

Siemens Hearing Instruments, Ltd
Alexandra House
Newton Road
Manor Royal
Crawley
West Sussex RH109TT
ENGLAND
Otherwise, please report all safety-related concerns to the Frye factory:

Frye Electronics, Inc.

9826 SW Tigard St

Tigard OR 97223

Phone: 503-620-2722, 800-547-8209

Fax: 503-639-0128

Email: support@frye.com (operational help), sales@frye.com (sales/price ques-
tions), service@frye.com (malfunctioning equipment)

ISO 13485

Frye Electronics, Inc. is a Registered Firm of British Standards
Institution, and we conform to the ISO 13485 standard.

FM 77405
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1.3.3 Safety Classification

The HEARLab system complies with:
» IEC 60601-1 and AS/NZS3200.1.0 Medical electrical equipment - Part 1.0: General
requirements for basic safety and essential performance.

* IEC 60601-1-2, collateral standard for Electromagnetic compatibility requirements
(See Section 1.3.4 for more details.)

* Australian Therapeutic Goods Administration, Class 1 (Rule 4.1)
* European Medical Device Directive, Class 11a (Rule 10)

* U.S.FDA, Class 2

e ISO 13485: 2003

Safety Classification for IEC 60601-1

Type of protection against electrical shock: Class 1

Degree of protection against electrical shock: Type BF
Mode of operation: Continuous

Degree of protection against the ingress of water: Ordinary
The HEARLab System does not require sterilization.

Warning: The HEARLab System is not suitable for use in the presence of a flammable
anesthetic mixture with air or with oxygen or nitrous oxide.

The HEARLab ACA software is indicated for use in the recording and analysis of
human electro-physiological data as an aid in the assessment of hearing and hearing-
related functions. The data is obtained with electrodes attached to the scalp of the
subject to detect the presence or absence of electro-physiological signals that may be
evoked in response to auditory stimulus. These electro-physiological signals being
monitored are not intended to indicate signals vital to life or health or state of well
being of the patient.

Note that for conformance to IEC 60601-1 Type BF patient isolation requirements the
HEARLab System must be setup in accordance with instructions in Section 2.2.

It should be noted that it is the user’s responsibility to ensure that conformance to IEC
60601-1 Type BF patient isolation requirements are maintained when patient-connected
equipment or accessories not supplied by Frye Electronics are used with or in conjunction
with the HEARLab System.

1.3.4 Electromagnetic Compatiblity

The HEARLab System acquires and analyses signals of low amplitudes with circuits that
that are sensitive to electrical interference. Some forms of electrical interference may cause
interruption of the cortical measurement tests. For further information, see Appendix C for
notes that may be helpful in identifying and resolving sources of interference.

HEARLab complies with IEC 60601-1-2 with the following deviations:
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36.202.2 Electrostatic discharge (ESD): The HEARLab Cortical Analyzer is sensitive to
high voltage discharges. However, the analyzer software monitors measurements for
electrical noise that exceed the dynamic range of the system, including that which may
result from this type of discharge, and discards it from final test results. Furthermore,
no adverse harm comes to the patient from the application of these discharges.

36.202.3 Radiated RF electromagnetic fields: While testing at 3 V/m, between 80 MHz
and 700 MHz, the EEG and most recent recent epoch graph will show invalid measure-
ment data. If this electrical noise exceeds the dynamic range of the system, it will be
automatically blocked from final test results. If this noise is within the dynamic range
of the system, it will be included in test results, but should be averaged out if the noise
is short in duration.

36.202.4 Electrical fast transients and bursts: Power fluctuations may cause the Cortical
Analyzer software to close. This will lead to the loss of data for any running test, but
will not affect saved test results or the safety of the user or patient. To prevent this
occurence, it is recommended to use a surge protector or uninterruptible power supply
(UPS power backup).

36.202.6 Conducted disturbances, induced by RF fields: While testing at 3 Vrms, the
EEG and most recent epoch graphs will include noise and may result in a moderate to
loud tone from the speaker. In most cases, this noise will exceed the dynamic range of
the system and will be automatically discarded and excluded from final test results.
Noise that does not exceed the dynamic range of the system may be included in test
results, but will be averaged out of long term results as long as the signal is short in
duration. Any tone(s) issuing from the loudspeaker that is not synchronous with the
computer driven stimulus is ignored by the averaging system and will not affect test
results.

1.3.5 Cautions and Warnings

This section contains important safety precautions. Please read carefully before operating
the HEARLab ACA software.

The HEARLab System should only be used for purposes described in this operator’s manual.

Acoustical Levels and Patient Safety:

The software and hardware are designed to limit the acoustical signal to levels that are not
harmful to a patient, even if a malfunction should occur. Malfunction of the device, includ-
ing the software, may result in uncomfortably loud levels but is unlikely to cause even
minor injury to the patient.

Acoustically evoked electro-physiological signals are picked up by passive electrodes placed
on the scalp of the subject. Malfunction of the device, including the software, is unlikely to
cause minor injury or discomfort to the patient.

Setup and Connections:

To avoid electric shock hazard, care must be taken to connect cables and accessories in
exact accordance with the user instructions. Only appropriately trained and skilled person-
nel should attempt to install the HEARLab System.
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The HEARLab System should be used in a clinical test environment with low ambient
noise and electromagnetic field levels. Unsuitable test environments could lead to bad
test results.

Safe use of the HEARLab System may be compromised if the user connects unsuitable
equipment to the Stimulus Controller Unit.

Use only the electrode cables supplied with the HEARLab System. Do not attempt to
substitute any other cables. The use of alternate electrode cables could lead to bad test
results.

Avoid the use of extension cables, or placing power cables where they present a tripping
hazard. Keep hardware and cables out of children’s reach.

Keep the HEARLab System hardware isolated in a well ventilated area. It should not be
operated in a tightly enclosed area or stacked with other electrical equipment. Failure to
do so could overheat the equipment and lead to failure.

All electrical equipment within the patient test area should have approved medical safety
status. Failure to follow these instructions could lead to interference with nearby medical
equipment.

Electrode application and removal:

Electrodes must be applied by suitably qualified and experienced personnel. Universal
precautions should be applied to reduce the risk of patient infection.

Avoid contact with broken skin, or patients with existing skin conditions. Electrode con-
tact in these circumstances could further damage the skin.

Substances used to prepare electrode sites (e.g., abrasive liquids, gel, cream or paste),
or to adhere electrodes to the skin (e.g., self adhesive electrodes, medical tapes), or the
electrode itself, may produce allergic or other dermatologic reaction in some individu-
als. Check for history of allergic reactions before preparing electrode sites/applying elec-
trodes.

Be aware that some patient populations may be at particular risk (e.g., burns patients,
premature infants). If in any doubt, seek medical advice.

Substances used for electrode preparation and placement should be selected with regard
to the manufacturer’s recommendations for use with patients. Always read and follow the
manufacturer’s written instructions. Avoid contact with the patient’s eyes. Alcohol prepa-
ration swabs are not recommended for use on infants.

Clinicians who have skin sensitivities should also avoid prolonged contact with prepara-
tion substances or consider wearing gloves during electrode preparation application and
removal.

Dispense preparation substances in a hygienic manner using single-use, disposable appli-
cators (e.g., cotton swabs). To reduce the risk of discomfort or infection, avoid aggressive
abrading of the skin when preparing electrode sites. Avoid the use of dry abrasive pads.
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Do not use undue physical force when preparing skin or applying electrodes. Take partic-
ular care when applying electrodes to infants, particularly the vertex electrode, where
the fontanel area is susceptible to injury.

Thoroughly clean the skin immediately after electrode removal using clean water. Harsh
agents (e.g., alcohol, acetone) are not recommended.

1.3.6 Interpretation of Results

The HEARLab ACA software is intended to be user-friendly and simple to use. However,
the system should only be used for electrophysiological assessment and only by person-
nel with appropriate training and experience.

Results may be invalid if:

* The calibration procedures are not correctly followed prior to testing (Section 3.6)

* Transducers (e.g., insert earphones) are changed and the system is not recalibrated
prior to use (Section 3.9)

* Electrode contact is poor (> 5 kQ) (Section 3.4.4)

* Excessive electromagnetic interference is present in the test environment
* The patient is drowsy or asleep.

* The patient is restless and/or overheated.

* Insufficient quality (noise-free) cortical recordings are obtained.
1.4 Maintenance

This section describing servicing, cleaning and disposal of the HEARLab Cortical
Analyzer.

1.4.1 Service

The HEARLab System hardware must only be repaired or serviced by a qualified
technician. There are no user serviceable parts inside the Stimulus Controller or the
Electrode Processor. Do not attempt to open the external casings of these components.

Calibration should be performed at least once a year in accordance with the procedures
described in Section 3.9.

1.4.2 Cleaning

The Stimulus Controller and the Electrode Processor may be wiped with a dry cloth.
Do not allow liquids to come into contact with the HEARLab System hardware.

Single-use, disposable sensor pads are used with the HEARLab electrode connector sys-
tem. Refer to the manufacturer’s information to ensure appropriate use. To avoid the pos-
sibility of cross-infection, do not attempt to clean or re-use disposable sensor pads.

When insert earphones are used as stimulus generators, do not reuse the insert earphone
eartips. Sterilization of these eartips is not possible. When performing these measure-
ments, make sure to use a new tip for each patient.
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1.4.3 Disposal of Equipment

The HEARLab System and some of its accessories contain lead. When the user has decid-
ed that the HEARLab equipment is not longer serving its intended purpose and is to be
discarded, the HEARLab devices should be disposed of in accordance with local waste
disposal regulations. Consult the local waste disposal authority on the relevant regula-
tions applicable.

1.5 Warranty

The HEARLab System and all accessories except the electrodes are guaranteed to be
free of manufacturing defects that would prevent the product from meeting its speci-
fications (given in Appendix D of this manual) for a period of one year from the date
of purchase when the following conditions are met:

* The cases of the Stimulus Controller and the Electrode Processor have only been
opened for modification or repair by persons authorized by Frye Electronics or one
of its official distributors.

* The installation of the HEARLab System complies with relevant requirements.

* No additional software has been installed on the personal computer supplied with
the device.

* All components connected to the HEARLab System have been provided by Frye
Electronics.

The electrodes have a limited three month warranty covering manufacturing defects
only. This warranty does not extend to cover customer damage.
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The HEARLab Hardware

This chapter describes the HEARLab hardware components and how to set them up for
testing.

2.1 Main Hardware Components

Personal Computer

The HEARLab System is built around a standard PC operating under Windows XP
Professional. The HEARLab ACA softare is installed at the factory. The computer includes
the following components:

The PC is connected to the Stimulus Controller with a USB cable.

Stimulus Controller

The Stimulus Controller (SC) is the HEARLab
System’s main hardware unit. It connects directly to
the PC with a USB cable and functions as an Input/
Output device that connects to various transducers.
A power cable for the SC module is also included.

Electrode Processor

The Electrode Processor (EP) is a small box that is
used for connecting the electrodes. It is connected
to the jack on the Stimulus Controller labeled “To
Electrode Processor”.

BLUE O
YELLOW O ELECTRODES
BLACK ( )

( ELECTRODE ELECYRODE ELECTRODE \
2 3

Q| @ | O
HEARLab /E

By REFERENCE GRQUND

ELECJRODE ELEC]

e 0]
\_ J
ELECTRODE PROCESSOR (top panel) ELECTRODE PROCESSOR (side panel)
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Electrodes

Consist of custom set of cables that incorporate
amplification at the electrode connector snaps. The
recommended sensor pads (Blue Sensor) are single
use and commercially available.

Three electrodes are included with HEARLab ACA.

A ground electrode with a black connector (p/n:
GNDELEQ), a reference electrode with a blue connector
(p/n: REFELEC), and an active electrode with a yellow
connector (p/n: ACTELEC). The electrodes connect to
the Electrode Processor.

Electrode Sensor Pads

A package of 50 Ambu Blue Sensors (p/n: 026-0020-
00) are included with the HEARLab System.

Control Microphone

This microphone is used for the calibration of the
sound field during ACA measurements. (p/n: REFMIC)
It is connected to the jack labeled “Control Microphone”
on the Stimulus Controller.

Free Field Loudspeaker

This free-standing speaker is used for performing ACA
measurements. (p/n: 034-1261-00) It is meant to be
placed in front of the patient on a table or other flat sur-
face. A cable (p/n: 072-0262-00) is included to connect
it to the jack labeled “Speaker Left” on the Stimulus
Controller. An adapter is provided (p/n: 044-0047-00)
for connecting to the speaker.

Insert Earphones

A pair of ER3A earphones for performing CTE mea-
surements. (p/n: 015-0416-00) An assortment of
disposable eartips is also included. The insert ear-
phones use the “Insert Right” and “Insert Left” jacks
on the back of the Stimulus Controller.
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Bone Conductor

A Radioear B-71 bone conductor for perfoming
CTE measurements. (p/n: 015-1224-00) It is con-
nected to the “Bone” connector on the back of the
Stimulus Controller.

\ —
— — SC/EP Cable
g _— —
” — — This “firewire” cable is used to connect the Stimulus
S — —_":- Controller and the Electrode Processor.
— —— (p/n: 072-0312-00)

B
=

USB Cable

This cable is used to connect the Stimulus
Controller to the Personal Computer. The square
connector connects to the back of the Stimulus
Contoller. The rectangular connector connects to
the computer. (p/n: 072-0313-00)

2.2 Optional Accessories

Monitor Speaker

This is a second loudspeaker for use in a two-
room setup. (p/n: 034-1261-00) It is placed in the
control room and outputs sounds picked up by
the control microphone. It requires a cable (p/n:
072-0262-00) and an adapter (p/n: 044-0047-00).

Speaker Floor Stand

This is a speaker plus the necessary mounting hardware
and a floor stand. (p/n ACC/STAND/HEARLAB)

Note: The speaker that is normally included with HEARLab
does not have the mounting hardware necessary to connect
it to this floor stand.
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2.3 Stimulus Controller Connections

Speaker Swing Arm

This is a speaker plus the necessary hardware to
mount it to the included swing arm. The swing arm
can be attached to a table top or a wall. (p/n ACC/
SWING/HEARLAB)

Note: The speaker that is normally included with
HEARLab does not have the mounting hardware
necessary to connect it to the swing arm.)

Kid Pack

The Kid Pack (p/n KIDPACK PKG) is a selection

of silent toys that are used to entertain babies and
young children during the cortical test. Colors and
shapes may vary, but the Kid Pack includes:

1 drawstring bag (p/n MESH BAG), 1 Oball Jelly (p/n
OBALL), 1 Plushy (p/n PLUSHY), 1 Hand Puppet
(p/n PUPPET), 3 headbands (P/N HEADBAND PKG),
1 container of bubbles (p/n BUBBLES).

The following connectors with function labels are available on the back of the Stimulus
Controller. For the most part, connectors located in the upper row are outputs. Connectors

in the bottom row are inputs.

Hea
Headphunes R ght h R ght

I—I

e o), =° ©0HOO0 o

Am) p\ ifrer

- @@@@@@ © 00000

Speaker  Headphone Insert ‘Monitor
pe

e ToElectrode  USB fr Dm Extema\ Cnn(rﬂ\ Linein Speech
ne ne

Ausiliar y\ Response in MI

[sTiMULUS CONTROLLER |

Figure 2.3: Stimulus Controller connectors

Upper Row

Distracter Headphones (Not used in HEARLab ACA software)
Line Out (Not used in HEARLab ACA software)
Insert Right Right ER3A insert earphone
Headphone Right (Not used in HEARLab ACA software)
Speaker Right (Not used in HEARLab ACA software)
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To Amplifier

From Amplifier

Speaker Left

Headphone Left
Bone
Insert Left

Monitor Speaker

Lower Row

Power connector/ fuse

To Electrode Processor
USB from Computer
External Control
Auxiliary In

Response In

Control Microphone
Line In

Speech Microphone

2.4 Installation

2.4.1 Site considerations

Connects left and right stimulus signals to the input of
an external amplifier

Caution: Do not use any of the other jacks to connect the
input of an external amplifier to the HEARLab System!

Left and right speaker drive power from an external am-
plifier

Left sound field speaker. This is the speaker drive jack
used for ACA stimulus presentations.

(Not used in HEARLab ACA software)
B71 Bone vibrator headset
Left ER3A insert earphone

Speaker that monitors the stimulus and sounds in the
test area. Input is from the control microphone.

Use a type 3AG size fuse, 1/2 amp, slow blow.
Connect the HEARLab System to power line, 100 to 240
VAC, 50 to 60 Hz.

Connection for Electrode Processor box

USB connection to personal computer

(Not used in HEARLab ACA software)

(Not used in HEARLab ACA software)

(Not used in HEARLab ACA software)

Control (reference) microphone used for calibration
(Not used in HEARLab ACA software)

(Not used in HEARLab ACA software)

When choosing a site for the HEARLab System setup, take into account the site’s
ambient noise levels and potential sources of electro-magnetic interference. See
Section 5.3.3 and Appendix B for more information on Ambient Noise Levels and
how to measure them. When performing CTE measurements, a sound treated room is
required. When performing ACA measurements, a quiet room may be sufficient.

HEARLab ACA and CTE measurements are designed to operate within the following

ranges:
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Temperature: 10-35° C

Relative humidity: 20-85% (non-condensing)

An air conditioned environment is recommended. On initial installation, allow 7
hours for the system to stabilize in the operating environment for reliable operation.

Cortical measurements are susceptible to electro-magnetic interference. See
Appendix C for details.

2.4.2 Physical layout of system components

The device generally may operate in one or the other of the following physical con-
figurations:

1.

One-Room Setup: Subject and clinician are in the same room during measure-
ments (Figure 2.3.2A).

Two-Room Setup: Clinician and Subject are located in separate environments such
as a sound treated test booth and adjacent control room (Figure 2.3.2B).

One-Room Setup

LOUDSPEAKER L Y
=N
7 AN
/s N \
/ ELECTRO
/ SUBJECT PROCESS[C’)E\
| 3 | | ” ﬁ
)

===

COMPUTER

STIMULUS
CONTROLLER

~
BONE CONDUCTOR AND
INSERT EARPHONES

ALSO AVAILABLE AUDIOLOGIST

Figure 2.3.2A: HEARLab ACA One Room Setup

Ideally an area is provided that maintains a distance of 1.5 meters between the
patient and any electrically unknown object. Adhering to this distance will make it
impossible or remote that the subject may be in contact with any object or equip-
ment that is not electrically isolated to a medical level.

Allow space for an assistant, often the infant’s parent, who may present objects to
the patient that attract attention. The objects should be presented in the general
direction where the loudspeaker is located, so as not turn the subject’s head away
from the loudspeaker.

A TV showing a silent movie can be used as a distracter to attract the patient’s
attention.
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* Orient the PC’s display away from the subject so that it is not visible.

* Arrange the setup so that the audiologist or tester is able to visually monitor the
condition of the subject and the computer display

* The patient’s chair or sofa should be comfortable to allow the subject to be relaxed.

* Include installation of the control microphone. See separate diagram.

Two-Room Setup

SOUND PROOF ROOM CONTROL ROOM
LOUDSPEAKER
Pl %
7 1 WAY WINDOW
/ R COMPUTER
// w \\
/ SUBJECT Pnocsssoa
| | N
| |
\ AUDIOLOGIST
\
AN
AN STIMULUS
N CONTROLLER
~ ~ -

~ _SUBJECT -

-
SPACE BONE CONDUCTOR AND

INSERT EARPHONES
ALSO AVAILABLE

Figure 2.4.2B: HEARLab ACA Two-Room Setup

NN

T~

SOUND PROOF WALL

The basic requirements described above for the one room setup apply. In addition,

consider the following points:

External power amplifier

If the distance between the loudspeaker and the nominal subject’s head position is
going to be more than 1.2 meters (4 feet), an external power amplifier driving a high-

er power loudspeaker may be required.

*  Two sockets located at the back of the Stimulus Controller labeled “To Amplifier”
and “From Amplifier” is provided to facilitate such a setup.

* See the Maintenance Manual for more information on using a two-room setup,

including a diagram of the amplifier sockets.

Monitor loudspeaker

For 2 room setup, a monitor loudspeaker may be employed to allow the tester in the
control/observation room to acoustically monitor the test space, including the acous-

tic stimulus, subject and distracter’s voices.

* The socket labeled “Monitor Speaker” at the back of the Stimulus Controller is pro-

vided for cabling.

* The software allows the tester to adjust the volume of the monitor speaker to suit.
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2.4.3 Connecting the system components

( MINIDIN CABLE )
AMPLIFIER (if required)
(not supplied)
.IIEJI.&. SPEAKER OUTPUTS
MONITOR
CONTROL BeEm ?w LRIE
MICROPHONE I
SPEAKER CABLE
ELECTRODE
AMP INPUT |
L PROCESSOR CABLE
,” “\\ (top view) g
// a A MONITOR CABLE
/ E "\ — (
/SR o Pt U 0 N e B | = A= A
1 O
' o] |° 000000 WOOO0O0 .| [
I\SUBJECT ] =]
SPACE | I D ' —
\ ELECTRODEY/ ® o é I
~ - // | $ I 0 l @ . @ e [ HEEHHHEHEH .
== & TIMULUS CONTROLLER @ @ @  — g
SPEAKER oo 5
0 STIMULUS i ﬂ COMPUTER
L CONTROLLER J MINIDIN CABLE |/
RCA 1o L .
BANANA \_MONITORCABLE | @ MOUSE
@ Adaptor ELECTRODE FIREVIRECABLE USB CABLE | |
@ PROCESSOR A e :
| (end view) CPEAKER CABLE AR
/ ]

NOTE : Not to scale

2.5 Start-up

To turn on HEARLab, locate the POWER on/off switch at the front of the SC. Once
the power is on, the LED on both the SC and EP lights green, and there will be sev-
eral audible ‘clicks’ as the hardware is initialised. After approximately 10 seconds,
the system will be ready for use in testing. It is recommended that that the electrode
cables are connected to the EP correctly and the electrode connectors are attached to
the resistor pads before the hardware system is powered up.

If you attempt to start ACA before powering on HEARLab, you will be advised with
an on-screen message to indicate that only results viewing will be allowed. If you
want to conduct an assessment, you will need to exit and restart the software appli-
cation.

Do not install or run any other software programs on the computer that is used for
HEARLab.

2.6 Calibration

The insert earphones and bone conductor are calibrated at the factory prior of ship-
ment. The calibration procedure is described in the HEARLab Maintenance Manual
which can be referenced for more information.

The user is responsible for calibrating the free field loudspeaker used during ACA
testing. The procedure is described in Chapter 4.
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2.7 Summary Specifications

Tests Available

ACA

Input Channels
Stimulus Controller

Electrode Processor

Output Connections

Stimulus Controller

Stimuli and Levels
ACA Stimuli

ACA Output and Levels
CTE Stimuli

CTE Output and Level

Masking Signals
CTE:

Aided Cortical Assessment (ACA)

Cortical Tone Evaluation (CTE)

2 Microphone channels

2-Channel recording (the cortical response signal and
the stimulus signal)

Free field loudspeaker (test loudspeaker)
Free field loudspeaker (monitor loudspeaker)
Insert earphone, left and right

Bone conductor

Speech sounds /m/, /t/, /g/

Free field output only @ 55, 65 and 75 dB SPL*
Pure tones 500, 1k, 1k5, 2k, 3k, 4k Hz

Insert phones: -10 — 110 dB HL, 5 dB steps

Bone conductor: -10 — 70 dB HL, 5 dB steps (60 dB HL
for 500 Hz)

Narrow-band noise

See the HEARLab Maintenance Manual for more detailed technical specifications.

Page 17






Warning Page

v1.0

WARNING

Electrode application and removal:

Electrodes must be applied by suitably qualified and experienced
personnel. Universal precautions should be applied to reduce the risk of
patient infection.

Avoid contact with broken skin, or patients with existing skin conditions.

Contact with electrodes could further damage the skin.

Substances used to prepare electrode sites (e.g., abrasive liquids, gel,
cream or paste), or to adhere electrodes to the skin (e.g., self adhesive
electrodes, medical tapes), or the electrode itself, may produce allergic
or other dermatologic reaction in some individuals. Check for history of
allergic reactions before preparing electrode sites/applying electrodes.

Be aware that some patient populations may be at particular risk (e.g.,
burns patients, premature infants). If in any doubt, seek medical advice.

Substances used for electrode preparation and placement should be
selected with regard to the manufacturer’s recommendations for use with
patients. Always read and follow the manufacturer’s written instructions.
Avoid contact with the patient’s eyes. Alcohol preparation swabs are not
recommended for use on infants.

Clinicians who have skin sensitivities should also avoid prolonged
contact with preparation substances or consider wearing gloves during
electrode preparation application and removal.

Dispense preparation substances in a hygienic manner using single
use, disposable applicators (e.g., cotton swabs). To reduce the risk of
discomfort or infection, avoid aggressive abrading of the skin when
preparing electrode sites. Avoid the use of dry abrasive pads.

Do not use undue physical force when preparing skin or applying
electrodes. Take particular care when applying electrodes to infants,
particularly the vertex electrode, where the fontanel area is susceptible
to injury.

Thoroughly clean the skin immediately after electrode removal using
clean water. Harsh agents (e.g., alcohol, acetone) are not recommended.
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HEARLab ACA Measurements

ACA is the first ERA test module in the HEARLab test suite. Two test protocols are pro-
vided in ACA: Aided Cortical Assessment (ACA) and Cortical Tone Evaluation (CTE).

Only trained clinicians should use HEARLab to acquire information to be used in diag-
nosing a hearing loss or in verifying the effectiveness of a hearing aid.

Aided Cortical Assessment

ACA involves presenting speech sounds at conversational levels to an aided or unaided
client via free field, and measures the evoked cortical responses to obtain information
about the client’s speech perception. For an aided client, the responses give an indication
of the audibility of speech sounds amplified by the hearing aid. This is particularly use-
ful for testing infants or young children who have been fitted with hearing aids and are
too young to have behavioral threshold testing performed.

Three speech sounds (/m/, /t/ and /g/), representing speech in the low, mid, and high fre-
quency respectively, are available for choice, and they can be presented at 55, 65 or 75
dB SPL.

Cortical Tone Evaluation

CTE involves presenting tonal stimuli to an unaided client via insert phones or bone
conductors, and measures the evoked cortical responses to determine the audibility of
highly-frequency specific tones.

Six tonal stimuli (500 Hz, 1 kHz, 1.5 kHz, 2 kHz, 3 kHz and 4 kHz) are available for test-
ing. Levels from 0 dB HL — 110 dB HL can be presented through insert phones, and levels
from 0 dB HL - 70 dB HL can be presented through bone conductors. Masking signal
(narrow-band noise) can also be applied where appropriate at levels -30 dB — 10 dB rela-
tive to stimulus level.

3.1 Starting up
To power up the HEARLab System and turn on the HEARLab ACA software:

Turn on HEARLab using the POWER switch on the Stimulus Controller (SC).
Double-click the ACA icon.

A log-in window will appear. 3'?)' {'_:-j}
i

B W N =

Type your assigned username and
password, then click OK or hit
ENTER to proceed.
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HEAR

Lab

Username | hearlab |

Password | sesf |

Location | My Room |

[ [l 4 ] [ Cancel

The Login window

3.2 Working with Clients

The Client window is the first window displayed when the HEARLab ACA program is
opened. See Figure 3.2.

- R w—

= et T S W A

Figure 3.2: The Client window
When you are in the Client window, you can:

* Add a new client record or open an existing client record
*  Modify client’s details or delete a client record
* Open a client’s assessment results

¢ Delete client assessments
To access the Client window at other times:

¢ (lick the Client button on the main toolbar, or
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45 ACA 1.0
File Main Clent Tools Help

’ Mea. |1 omL 7
AT e

* Open the Main menu and select Client.

Note: It is necessary to select a client before you can proceed to a new assessment
3.2.1 Adding a new client

1. Open the Add New Client window (see Figure 3.2.1).
¢ (lick the Add New Client button on the toolbar, or

t4 ACA 1.0
File Main Client Tools Help

oy Pl 2
: 2 Qz o R T
\J
|

* Open the Client menu and select Add New...

—

Add New Client
ClientID: | oK
SUFnameE: First Mame:

Date of Birth: | dd | j | mm |} | yyyy Gender: '

Mates:

Figure 3.2.1: The Add New Client window

2. Input the following client details:

* (ClientID - this is the unique reference number for each client. You can enter a
maximum of 10 digits

* Surname

* First name

* Date of birth (dd/mm/yyyy)
* Gender

* Notes — any additional comments you may wish to make about the client. You
may type up to 500 characters.

3. Click OK to save the new client record to the database. The newly added client
record will be automatically selected.
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3.2.2 Working with an existing client record
To open an existing client record, you can:

e Search for the client using client details, OR

* Find the client after listing all the clients in the database

3.2.2.1 Searching for a client record

1. Open the Client Search window (Figure 3.2.2A).
¢ (lick the Client Search button on the toolbar, or

¥4 ACA 1.0
File Main Client Tools Help

2wy |3
5 L2 ﬁ,‘\
|

* Open the Client menu and select Search for Client.

Client Search

ClientID: Search
o
Date of Birth: () on ,f ."

Otsfors | ¢ [mm |/

O after .|' I

) Between ,r ; and ; ,'

Mote: When searching by surname or firstname, you can use % as the wildcard character

Cli... & Surname First Mame: Gender Date of Birth Mokes List All Clisnts

0000000002 Smith John Male 01 Jan 1980

(] (2]

Double click on selected dlient or click 'Select’ button to select cient for assessment

Figure 3.2.2A: The Client Search window

2. Type the details you want to use for your search. This can be:

¢ Exact ClientID

e Exact surname or partial surname with the wildcard character % (for example,

use ‘Smi%’ to search for all clients with a surname starting with S-m-i)

e Exact first name or partial name with the wildcard character ‘%’

e Exact date of birth (DOB) or date range:
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— Before a certain date

— After a certain date

— Between two certain dates
* Gender

* Combination of client details. (Note: ClientID takes precedence over all other
fields. If you put in a ClientID as well as other details, the search will be per-
formed on the ClientID only.)

3. Click Search or press ENTER. A list of matching records or a “No client found”
message will appear.

3.2.2.2 Listing all existing clients

1. Open the Client Search window (Figure 3.2.2A):
e (Click the Client Search button on the toolbar, or

* Open the Client menu and select Search for Client.

2. Click the List All Clients button in the Client Search window. This will display all
existing client records in the database.

3.2.2.3 Selecting a client record

Once you have located the client record (by either searching for the client by using
search criteria, or finding the client in the list of all existing clients), open it by either
double-clicking it, or single-clicking on it and clicking Select Client.

The selected client details, along with a list of the client’s previous assessment records,
will be displayed in the Client window. See Figure 3.2.2B.

Ba Man Qe [ocs el

29 =k

Chent Detalls and Assesment Records

Chae El:m;u:'l [—— ] | Liser | [ | % o |
L o b ineae] TTI—

Heler
Details of the
selected client

[Fa=1 =1 ot
[ Uraasiedd

Lt ]

Laft L

P st

L Ureisdod

gt Lrecin

= b

Click these tabs to sort the assessments by,
« Assessment Date,
« Assessment Time,

List details of all
previous assessments

« Assessment Type, . .
 Ear Tested, belonging to the client
« Aided/Unaided, and
K « Assessment By, )
Char: s Bl Ko vt Trsss 11 Pk 0% 14:3 Chriciar, Harss: Dlschrosson, Py

Figure 3.2.2B: Client window with assessment records
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3.2.3 Modifying details or deleting an existing client

B 7|
= o o

i@ @
Chient Deasiis ard Asseomsent Aecards

et - e P

gLREER]

1111
EEERIIRIEREEEN
(ijgn

TR e e W W 1 e N,

Modifying details of an existing client

1. Follow the steps listed in the previous section to select a client.

2. Click Modify in the Client window. The Modify Client Details win-

dow will appear. (Figure 3.2.3)

[adity CHant Dotaits B
| cunm =
ey | Sl Fest N | Coupcal Coeme ]
Dtmoflethe 1 | (1 ] 1% Gendsr s |
o e

Figure 3.2.3: The Modify Client Details Dialog box
3. Make any desired modifications. (You cannot modify the ClientID.)

4. Click OK to save the modifications or Cancel to discard them.

Deleting a client

1. Follow the steps listed in the previous section to select a client.

2. Click Delete in the Client window. This will open a confirmation window.

-,

ACA Client =

Are yau sure you wank ko remove this client
[} and all hisfher assessment records?

| fes | [ Mo

3. Click Yes to delete the client or No to cancel the deletion. All assessment records
belonging to the selected client will also be deleted.
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3.3 Performing an Assessment

An assessment is defined as a series of contiguous tests (referred to as “runs”) of different
stimuli and presentation levels performed aided/unaided on the same ear, using the same
test protocol and presentation method. Each run is defined by the presentation level and

the test stimuli. An assessment can have an unlimited number of runs. (It is not possible
to repeat the same stimulus at the same level within the same assessment.)

Performing an assessment generally involves the following:

Preparing the client for testing.
Specifying assessment settings
Specifying presentation stimuli and level for each run

Checking electrode impedance before testing begins

g ok W N e

Acquiring evoked cortical responses to presented stimuli

Note: It must be ensured that calibration of the transducers and free field environment
are correct and up-to-date before performing an assessment. If no calibration has been
performed, all testing will be disallowed and you will be advised by an on-screen warning.

3.3.1 Preparing a client for testing

Seat the client comfortably at the test position. Prepare the client’s scalp, then place the
electrodes on the client’s head as per the diagram below:

* The Gnd (ground) electrode is to be attached on the fore-
head

* The Ref (reference) electrode is to be attached to the left
or right mastoid

Ref

* The Cz (active) electrode is to be attached to the vertex
Left Right position

For details on how to prepare a pediatric client for testing, please refer to Appendix A.

3.3.2 Specifying assessment settings

1. Open the New Assessment window. See Figure 3.3.2.

¢ (lick the New Assessment button on the toolbar, or

v5 ACA 1.0
Eile Main Client Tools Help

[ew assessment

* Open the Main menu and select New Assessment.
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Note: If no calibration has yet been performed for free field environment or for
other output transducers, a warning message will be displayed on the screen to
indicate testing is disallowed for either ACA or CTE, or both.

| Ve Wineswmena Fen CHent Ei
Tt Fysiooal
SEA CE
Fermmemmars Frypm Vi b e
2 = -
(o @ooe @ B
b s L o
P Vissleg) Tading
i Pomiasy Preptedn] Mabgme |l =
Ty, Tisraduces Mo Frassrtaton:
it Poskion: | Caring _'\_ri Pt Tyl
]
1ol 1ol b3 eomal

Byt on g Cereiters
o o, The s manamum it oF Bt #poche i baen
(@] i

{mpacty the rumben | 710 }

T |

Figure 3.3.2: The New Assessment window

2. Specify the test type:
¢ (lick the ACA for an ACA assessment, OR
¢ (Click the CTE for a CTE assessment

Test Protocol

®aca O

3. Specify whether the test will be Aided or Unaided.

Assessment Tvpe

r () Aided @ ) Unaided

4. Select the ear to be tested. To test binaurally, select both ears.

Ear to be Assessed

@ [+] Left [":ﬁ-] [ right

5. Select the stimuli presentation from the Stim. Presentation list:
¢ Free Field (only available for ACA)
¢ Insert Earphone (only available for CTE)
*  Bone Conductor (only available for CTE)
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10.

11.

12.

13.

For CTE assessments, you must also specify the stimulus transducer used to pres-
ent the stimuli. Do this by selecting the transducer from the Stim. Transducer
list (all the calibrated transducers of the transducer type selected from Stim.
Presentation will be shown)

For ACA assessments, you may need to specify the loudspeaker position (if there
is more than one loudspeaker set up). Do this by selecting the position from the
Loudspeaker Position list.

Skirmuli Settings
Skim. Presentation: |Free Field w
Stirm, Transducer:

Loudspeaker Position; Centre W

Select the masking type from the Masking to use list:

* None

* Narrow Band Noise (only available for CTE)

Where applicable, specify the masking presentation from the Masking
Presentation list:

* Insert Earphone

* Bone Conductor

Where applicable, specify the calibrated masking transducer that is to be used to
present the masking from the Masking Transducer list.

Where applicable, select the masking presentation level relative to the stimulus
level from the Masking Level list: -40 dB, -30 dB, -20 dB, -10 dB, 0 dB, +10 dB.
Masking Settings

Masking ko use: Morne w

Masking Presentation:

Masking Transducer:

Masking Level
(dE rel, bo skimulit:

Acquisition of cortical responses will stop automatically when the stop criterion is
reached. This stop criterion is based on the minimum number of accepted epochs
for responses to each stimulus. Specify this number as shown below:

Acquisition Skop Conditions

To minimize kest duration, a test stimulus will cease presentation once the
number of accepted epochs has reached the user preset walue.
Plzase specify the minimum number of accepted epochs you wish to obtain For

each test skimulus:

200

Click OK to proceed with assessment or Cancel if you do not wish to proceed.
The New Run window (Figure 3.3.3) will be displayed after OK is clicked.
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3.3.3 Specifying run settings

1. To open the New Run window (Figure 3.3.3):

e (lick the New Run button on the Assessment toolbar, or

v ACA 1.0

File Main Assessment Tools Help

20 OERE E

\
Assessment Control Mew run

Cum.

* Open the Assessment menu and select New Run...

Mew Run E

Configuration For the new run

Presentation Level (dB SPL): '

Stiruli {maz choice of 33 | fmf
)
faf

oK  cancel |

Figure 3.3.3: The New Run window

Note: The New Run window is automatically displayed after a new assessment has
been specified.

2. Select the presentation level first using the Presentation Level list:

* 55,65, or 75 dB SPL (for ACA only)
e -10dB HL — 110 dB HL in 5 dB steps (for CTE only, for insert earphones)
e -10dB HL — 70 dB HL in 5 dB steps (for CTE only, for bone conductors)

Presentation Level (dB SPL): |55 W

3. Select the stimuli to be presented from the Stimuli list:
e /m/, /t/, /g/ (for ACA only)
* 500 Hz, 1 kHz, 1.5 kHz, 2 kHz, 3 kHz, 4 kHz (for CTE only)
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5.

Stimuli {maz choice of 33: | iy
ftf
faf

Note: At least one stimulus needs to to be selected. For CTE assessments, up to
three stimuli can be selected.

If the selected stimulus has been tested at the selected level, a message will be dis-
played:

ACA 1.0 S

Py mf has previoushy been kested at 55 dB SPL
‘-{,) Would vou like to repeat the run?

If you would like to repeat the stimulus at the selected level, click Yes.

* All other stimuli presented together with the stimulus previously tested will be
repeated too, and will be automatically selected.

* Repeated runs cannot be displayed simultaneously. You may select the specific
run result to view from the Results Screen (Section 3.5).

Click OK to proceed with the assessment.

3.3.4 Impedance check

It is important to ensure the electrode connections are good before proceeding to acquire
cortical responses. This can be done by accessing the Impedance window (Figure 3.3.4)
and checking that both Ref and Cz electrodes have an impedance of < 5 kQ.

The colors shown on each of the bar for each electrode represents how good the electrode
connection is:

Green: [0 - 5 kQ], good impedance

Yellow: [5 — 10 kQ], satisfactory impedance
Marginal: [10 - 15 kQ], marginal impedance
Red: > 20 kQ, poor impedance

Monitor the Reference and Cz electrode impedances, and perform any necessary adjust-
ments until both readings give a Good impedance status. While the Impedance window
is open, impedance measurements will be performed continuously at 1 second intervals.
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Impedance

(How good & the eectrode oontact?)

=] 5 10 20 ES

N —

The coloured bars show
the impedance condition
of the reference and Cz
electrodes

© PR

[ Satisfactory ][ Marginal ]

il Maden: Sevah, Jabi Terih Ear: Ll Adgeaariarh Tir: L1 Feb 2000 14:41 Curranl Twe: 11 Pk 2000 E4A2 Chrwcian Raree: Elociranicd, Frys

Figure 3.3.4: The Impedance window
To access the Impedance window:

* (lick the Impedance Check button on the Assessment toolbar, or

v ACA 1.0

File Main Assessment Tools Help

Impedance check,

Assessment Co 15.0 T e

* Open the Assessment menu and select Impedance Check.
3.3.4 Performing a test
Acquisition for a run can be performed by accessing the Acquisition window.

To access the Acquisition window (Figure 3.3.4):

* (lick the Acquisition button on the Assessment toolbar, or

¥4 ACA 1.0

File Main fAssessment Tools Help
ok 3 ] L
2P =
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*  Open the Assessment menu and select Acquisition.
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Figure 3.3.4: The Acquisition window

Once in the Acquisition screen, acquisition of cortical responses can be started, paused,
resumed, or terminated at any time during a run.

Starting the Acquisition

Click the Start button E to start / resume acquisition or click the Pause button E
to resume acquisition after pausing the current run. During acquisition, statistical analy-
sis for determining the detection and differentiation of the responses will be performed
online.

e While acquisition is progressing, both the menu and toolbars will be disabled.

¢ Monitor the EEG and the incoming responses. If the EEG is very noisy and many
epochs are not being accepted, or if there is no signal, terminate the acquisition
immediately and double check all the connections. In the latter case, you may
need to restart the both hardware and the application.

Pausing the Acquisition
Click the Pause button E to pause acquisition for the current run.

Once acquisition has been paused, you may access the Impedance window and the
Results window. You may also choose to save the test.
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Completing the Acquisition
Click the Stop button E to stop the test and finish the acquisition for the current run.

Once acquisition has been completed, all toolbar and menu items will be enabled. You
may then wish to view results, save results, specify a new run or assessment, or return to
the Client winow.

* Acquisition is automatically completed when the specified stop criterion has been
met.

*  When the Client window is closed, the current assessment is considered complete,
and it is not possible to specify a new run for that assessment.

Test Results in the Acquisition window

During the acquisition, the test window will be updated with the acquired data and other
results, which include:

* ongoing brain activity

* the most recent response to the presented stimulus

* the averaged responses to the presented stimuli

* statistical analysis results for response detection

* the number of responses accepted and rejected for each stimulus

* the time elapsed for the current run

* the Q factor (a signal to noise indicator) for each stimulus
Ongoing brain activity
The ongoing gross brain activity is displayed on the Ongoing EEG plot:
5

L=n Ongeimg EEG

150 1 B e I ; | |

Most recent response

The most recent response to the presented stimulus is displayed in the Most Recent
Epoch plot:

-0 0 L0 200 B0 400 500 GO0
sl
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Averaged responses

The averaged responses to all the presented stimuli are displayed in the Cumulative
Averages plot. This data is displayed for informational purposes only. You should nor-
mally use the statistical analysis results to determine audibility of the signal.

180
15.0-

Cu Live A
}ﬂ'ﬂ{‘: ive Averages

=100 [} 00 oD 300 400 500 &00
irns)

The shaded region shown in the averaged response graph indicates the typical laten-
cy range for the patient’s age. This is for informational purposes only. See Section
7.3.5 for more information.

Statistical analysis results

The ongoing statistical analysis results are displayed in the Detection p plots:

0,05 |

The detection p-value indicates the probability that the response is significantly different
than noise. A p-value < 0.05 indicates a significant result.

The actual p-value of the latest statistical analyses can be viewed on the left hand panel
of the screen:

p Yalues Obtained

Imj 0,000
It 0,000
lal 0,000

This information should be used together with the residual noise measurement to deter-
mine the likelihood that the signal is audible to the patient. In some cases, the statistical
analysis will correctly predict the audibility of a signal even when a visual analysis of the
CAEP waveform is not immediately apparent to the clinician. See the section on residual
noise below for information on how it can impact the statistical analysis of the signal.
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Number of accepted / rejected responses

The number of accepted and rejected responses for each presented stimulus can be
viewed on the left hand panel of the screen:

Epochs Obtained

Stim |Accept |Reject
'} 117 3
et 120 =
'l 117 g

Time elapsed for current run

The time elapsed since the start of the current run is displayed on the left hand side
panel:

Time Elapsed for Run

a (rmin

Residual Noise

Residual noise is an indicator of the quality of the cortical response recording in relation
to the noise level in the signal:

Resid. Noise

i @

¢ A red colour indicates a high level of noise in the signal, thus the quality of the
responses are not good and the statistical results may not be reliable

* A yellow/orange colour indicates a moderate level of noise in the signal, thus the
quality of the responses is satisfactory. However, there may still be a relatively high
number of false positives / negatives in the statistical results.

* A green colour indicates a low level of noise in the signal, thus the quality of the
response is good and the statistical results are more reliable.

If the test changes from a high noise state (as evidenced by the patient’s behavior, a
large amplitude on the continuous EEG record, and a high residual noise in the traf-

fic light window) to a lower noise state (as evidenced by the patient’s behaivor and a
smaller amplitude on the continuous EEG record) as a test progresses, it is possible that
a low residual noise in the averaged response will be obtained more quickly if the test is
restarted than if the test is continued.
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3.4 CAEP Wave Morphology

CAEP waveforms are highly individual and vary greatly from person to person. This
section contain a few examples. Note the typical appearance of a single positive peak
in the infant ACA example of figure 3.4B, and the marked negativity followed by a
clear positive peak that is typical in adult cases shown in figure 3.4A and 3.4C.

TR
15.0 Averaged Responses at 75 dB SPL ~ — i
75 —
— Jof
0.0
Epoch Count...
-7.5- .
Run Selection...
v
'15-0 T T T T T T T T
-Z00 -100 a i0o 200 300 400 500 600
(ms}
TR
13.0 Averaged Responses at 65 dB SPL -~
7.5
0.0—
_?IS_
"
-15|E| T T T T T T T T
-200 -100 u} i00 200 300 400 500 s00
irms)
Figure 3.4A: Example of a hearing impaired adult ACA
wh
20.0
Averaged Responses at 65 dB SPL ~
0.0
w
-20.0 .

T T T T T T
-100 0 100 200 300 <400 500 600
ms)

Figure 3.4B: Example of a normal hearing infant ACA
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adult CTE at 500 Hz
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Figure 3.4F: Example of a normal hearing
adult CTE at 2000 Hz
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3.5 The Results Window

The Results window can be accessed to view results for the current assessment or for pre-
viously saved assessments. See Figure 3.5.

Assessment results consist of:

* asummary of assessment settings (e.g. whether it was aided/unaided, test ear etc)
* the statistical analysis results
* the averaged responses to the presented stimuli at different levels
* any additional comments about the assessment
Assessment and run settings can be viewed at any time during the assessment, including

when acquisition is progressing. A summary of the assessment settings is located on the
located on the Results window.

* Detailed assessment settings can be viewed by opening the Assessment menu,
pointing at View Settings, and selecting Assessment.

* The current run’s settings can be viewed by opening the Assessment menu, point-
ing at View Settings and selecting Run.

209 et RE AE — Statistical results

Ware respsmes drircied < tnrramed Bmsmrrs o 75 0 WL - [ra—

Arn Chamnnd] 2T
Eemndasay [ e

a0 L A {

Click to view
epoch count

e ey 'Fll!llhnl ar

Summary of

test conditions Click to select the

runs to display

[

Click to view statistical analysis history ]

Averaged cortical
responses to presented
stimuli are grouped by
presentation levels

[ Click to view p values instead of ticks/dashes j

For entering additional
comments on the
assessment

et e P 01 T B Lol (pyrmed Thom . 00 o 5000 (900 (Sied Fimar, O B TN 0T e e Frra, Biien

Figure 3.5: The Results window
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3.5.1 Accessing the Results window
To access the Results window during the time of an assessment:

¢ (lick the Results button on the Assessment toolbar, or

¥4 ACA 1.0

File Main Assessment Tools Help
: e LA ] M | [¥ b ;
260 &M = B [E
ﬁ Ny i

Assessment Control 15.[!\':I eSS e

* Opening the Assessment menu and selecting View Results

To access a client’s previous assessment results:
1. Open the Client window. The selected client’s previous assessments are displayed
in a list.

2. Double-click on the assessment you wish to view, or right click on it and select
View Assessment.

[ ] Twe AR T e TER] caded | Lnasdedd A By Wodss

DA 2008 m:1%m L= Laft [ Adad Hamdab, Taarn Hobaling'n rawy starall 25 o siwrt birearaly sided
RN D0 [CE--1 ] L Left o Aided Hearaby, Teans Porares, 65 16 7k, neve el ey s
3.5.2 Adding notes

To add notes to the assessment, type them into the Additional Notes box. A maximum of
500 characters can be used.

Additional Notes

Type in additional
comments about the
assessment here (max
500 chars):

3.5.3 Viewing the Statistical Analysis

Statistical analysis results for detection / differentiation of responses are displayed in a
tabular format for each stimulus at each presentation level (See Figure 3.5.3A). By default,

checkmarks and dashes are used to represent a significant or an insignificant result
respectively.

Use this button to view the actual p value from the last analysis per-

formed.
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Figure 3.5.3A: Statistical Analysis on the Assessment

Using the Statistical Analysis History Window

Use this button to view the results of the ongoing statistical analysis
iew history...

during the acquisition.

To view the numerical values of a particular curve in the Statistical Analysis History
window, click on the curve. The mouse cursor will become a +, the selected trace will be
bolded, and a rectangular box will appear next to the cursor with the p value obtained at
the nth analysis. See Figure 3.5.3B. Double-click to return to normal mouse operations.

| Siaabical Kmibysh Fistary B
Select G et bl o i Yo e et vk Pty ]

b T respasses detected P @ 65 di APL
0.0%
0%

1
20 k1) 40
¢Ma . af Analyuin)

Figure 3.5.3B: The Statistical Analysis History window
3.5.4 Viewing Averaged Responses

For ACA assessments, averaged responses to each stimulus are grouped by stimulus pre-
sentation level. Thus, each graph displays the averaged responses to the stimuli that have
been presented at the indicated presentation level.

£ Averaged Bespanars af 75 db &[] -
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For CTE assessments, averaged responses are grouped by stimuli, Thus, each graph dis-
plays the averaged responses to the indicated stimulus at various presentation levels.

W

Averaged Responaes (or 2 ki -

754

&0 48
HL

o0 98
HL

af db
ML

=200 =100 1] 100 z0n 00 400 500 &00
[rmes )

Selecting an Averaged Response

To select an averaged response trace, move the mouse over the trace of the response of
interest. Left-click once on the trace to select it. The mouse cursor will become a +, the
selected trace will be bolded, and a rectangular box will appear next to the cursor with
latency and amplitude information displayed. You can then move the cursor along the
trace to view the values for a particular point on the trace. Double-click to return to nor-
mal mouse operation.

Marking Latencies on an Averaged Response
To mark latencies on an averaged response:

1. Select the trace.

2. Move the cursor to the appropriate peak or trough and right-click on it. A menu
will appear.

3. Select the appropriate marker (P1, N1 or P2). It will appear on the graph where
you clicked on the graph.
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IRE
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To remove a latency marker, right-click on the trace and select the marker to remove.

Note: The latency markers will be displayed with latency and amplitude values only
when the trace is selected.

3.5.5 Viewing the Epoch Count

Use this button to access information about the number of accepted/

: rejected responses for each stimulus at the levels it was presented, This
will open the Epoch Count window. See Figure 3.5.5.

Epoch Count 8

Select the level For which you wish
to view the number of epochs
obtained:

Click to select the level at which

75 dB SPL +| «——— 1| youwish toview the number of
accepted/rejected responses

Stim  |Accept | Reject

fmj 74 1

et 71 4
' .
lai a7 o The number of accepted/rejected

responses for each stimulus
presented at the selected level

-

Figure 3.5.5: Epoch Count window

Use the list to select the presentation level at which you wish to view the epoch counts.

3.5.6 Changing the Run Selection

Even if multiple runs have been performed with a particular stimulus and ampitude, only
one can be displayed at a time. To select which run is displayed, use the Run Selection
button. See Figure 3.5.6.

Page 43



HEARLab ACA Operators’ Manual

v1.0

Seloct the rursl that ou vk b be Feled i the nesuls seress and prvbed repert:

Fa.. = Sl Teed o St T s el Tl
Hm® Il M ol [T (11283 PRt
e B, M LE T LR T «
== i, B, bl LT e

it whern fufd are repaatied, oy o of them o be selectind o iy ofl line
L Legend
0 Avrragrd Responees o1 §5 di APL /

1

.
¢

List of all runs in the assessment ]

by presentation level

-
Averaged responses grouped ]

Figure 3.5.6: Run Selection window

P T
i (
~ ) v ™ 1 3
o b A BN A o | < Click on the level to view
2 - = average responses for the
o selected presentation level
180 1 N~
A L 1) ] ] am 0 ey 4
{ma
- | anenl |

Select the runs you wish you use. The plot window will be updated accordingly as you
make your selections. Click OK when you have finished your selections.

3.5.7 Viewing Residual Noise

To view the residual noise level values for the run:

1. Open the Run Selection window.

2. Right-click on the run in the run list and select View Residual Noise Values... The
Residual Noise for Run window will be displayed. See Figure 3.5.7. The displayed
value is the noise calculated for the last response to the specified stimuli.

Residual Noise for Run E

Residual noise status at the end of the run:

fmf (7]

Resid. Noise Stim

value

fmj

016

Figure 3.5.7: Residual Noise for Run window

The meaning of the residual noise values:

Value Indicator Color | Description

<3.2uV Green Low level of noise in recorded signal
3.2-3.6 uV | Yellow Moderate level of noise in recorded signal
> 3.6 uV Red High level of noise in recorded signal
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3.5.8 Exporting Run Results

To export run results:

1.
2.

3.
4.

Open the Run Selection window.

Right-click on the run in the run list and select Export Run Data... A Save As win-

dow will appear.

Specify the location and name of the file to export the results.

Click Save to save exported run data. The data will be saved as a text file.

The exported file will be in the following format:

[Client]
ClientID={value}
Client Name= {value}

[Run Settings]

Level Tested={value}

Level Unit={dB SPL /dB HL}
Test date={dd mmm yyyy}
Test time={value}

[Averaged Responses Data]
Stimulus={value}

# of samples={value}

# of accepted ={value}
Data={values}

[Statistical Analysis History for Detection p]
Stimulus={value}
p values={values}

[Residual Noise History]
Stimulus={value}
Residual noise values={values}

3.5.9 Deleting a Run

To remove a run from an assessment:

1.
2.

3.

Open the Run Selection window.

Right-click on the run in the run list and select Delete Run...

Confirm that you want to delete the run.
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3.6 Printing Assessment Reports

The assessment reports for ACA and CTE assessments are slightly different from each

other in terms of layout, but they both present the same information. You may choose to
look at the print preview of the assessment report before printing it out, or you may print

it directly without a preview.

3.6.1 Previewing the Print Report

To access print preview before printing, you can either click the Print Preview button on
the Assessment toolbar or open the Assessment menu, point at Report, and select Print
Preview. See Figure 3.6.1.
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Figure 3.6.1: Print Preview

To print results, click Print on the top of the Print Preview window. This will close

the Print Preview window, display the Results window, and open a Print window.

Choose the desired printer and click OK to print.

3.6.2 Printing the Report without Preview

To print the test report without previewing, click the Print Report button on the

Assessment toolbar, or open the Assessment menu, point at Report, and select Print.

This will open a Print window. Choose the printer you want to use and click OK.
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3.6.3 The ACA Assessment Report

ACA ASSESSMENT REPORT

Cliers I Q00000001

Drate of Test: 0206/,2000

Client details Harre : Drowe , Jobizy Time: 02:42 PM
Gender:  Male Clindcian:  Fiye, Bristina
LOE: 02M05/1960 Hearirig Cenire: Blarketing
|Tert € onatitioms |
Ear fececced: Led Lided: Ho

Assessment Stimili Tsed: dnd, &, & tensity Lewels (dE SPLY: 75 Stimnli Presertation: Free Fisll

settings

Dlasking Teed: Mot

DBiliskinz Level fref. to stimmli;: M/A  Mashing Precertarin: H/AA

|Averaged Cortical Responses Obtained

Y

13.0

Averaged responses grouped by
stimulus presentation level.

When there is more than one
stimulus presentation level,
additional graphs will be added on
and the number of pages of the
report will increase accordingly

Averaged Responses at 75 dB SPL Legend

—_— imf
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-13.0
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(ms)
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Statistical analysis results

S
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/ for detection of stimuli
Jol 4

75 4B SPL| 0.000

0.000

0.000

|I.adnmqr Results Additional Nobes
Laterwcies for responces ot 75 dB SPL (Inome))
fm/ et Fal \
P1 33 19 3
Any additional comments
i * 10s B [ will be displayed here
P2 214 161 166

If latencies have been
marked for P1, N1, or P2,
the latency (in milliseconds)
will be displayed here.

The ACA Assessment Report

Assessment date, time,
clinician and place

|

Legend for

graphs
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3.6.4 The CTE Assessment Report

CTE ASSESSMENT REPORT

Assessment date, time,
clinician and place

Client ID: 0000012345 Drate of Test: 211’12!’2009/
9 q Marne: Flinstone, Pebhle: Tirme: 03:00 P
Client details = il i) :
Gender:  Female Clinician: Jectronics, Frye
DOE: 040372003 Hearing Centre: Fartory
|Test Cond itions |

Ear figmssed: Left
Stinmli Used: 1 kHz
Nlasking Used: Nore

Assessment

settings

Aided: Mo

Stirenli Presentation: Irsert earphones
Nlasking Lewel (ref. fo stirnuli): Mi&  IMasking Presentation: Nif

|Resu]is

Arveraged responses, statistical results and warked latencies for 1 KHz

[
Pl NI Pz
dEHL | p value il ins e
T X
105 \
Statistical analysis 100
results for detection =
are displayed here. 70ds
) \ HL
5 \
a0 \
= If latencies have been
marked for P1, N1, or P2,
T | 9% | thelatency (in milliseconds)
65 will be displayed here.
60 | 004
55 | oo
50 | 014
15
55 dB
40 H
5
30
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20
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15 H
10
5
5
-10

Any additional comments
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The CTE Assessment Report

Averaged Responses for 1 kHz

SES)

Averaged responses
grouped by stimulus,
presented in descending
order of stimulus
presentation level.

When there is more than
one stimulus tested,
additional graphs will be
added on subsequent
pages (i.e. each page
contains one graph in
the CTE report)

T
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T
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3.7 Saving Assessment to Database
To save the assessment runs and modifications (e.g. latencies, comments):

¢ (lick Save on the Assessment toolbar, or

v4 ACA 1.0

File Main Assessment Tools Help

uL : o = e v e
20 BN
ﬁ Save|
Test Canditinns

*  Open the Assessment menu and select Save.

3.8 Deleting Assessments
To delete a client’s previous assessment:

Open the Client window.
Right-click on the assessment you want to delete.

Select Delete Assessment...

Bw N e

Confirm the deletion.
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Sound Field Calibration

This chapter describes how to calibrate the sound field for ACA measurements. We
recommend that this simple procedure be performed on a daily basis for best accu-
racy of test results.

These instructions assume that control microphone has been calibrated. The control
microphone calibration needs to be performed by an experienced technician using
proper equipment. See the Hearlab System Maintenance Manual for instructions on
performing the control microphone calibration as well as calibration of the insert ear-
phones and bone vibrator for CTE measurements.

The sound field calibration process involves obtaining the frequency response of a
free field environment (room acoustics + sound field frequency response) and equal-
ising the complex signals that are to be presented in that environment.

4.1 Calibration Setup

To set up the room for free field calibration, have everything set up as you would for an
ACA assessment. Place the control microphone at the approximate location where a cli-
ent’s head is likely to be situated.

> 0.6m Calibrated free field
microphone at Free field
reference point loudspeaker
> 1 mapart ((

> 1.2m

> 06m > 06m

Typical room setup for free field calibration
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4.2 Free Field Calibration Wizard

The Free Field Calibration Wizard will guide you step-by-step through the calibration pro-
cess.

Warning: When the sound field is calibrated, the old calibration results will be replaced
with the new results. See Section 4.3 for instructions on how to keep a permanent record
of old calibration results.

1. Open the Calibration window by pressing CTRL+SHIFT+ALT +K.
2. Click the Free Field button. This will open the Free Field Calibration Wizard.

Free field button

[Free Field Calibration: Step 1 B

Srinrt tha Inudapaaiues perstion In calbrate
Heom Lecalon

Lunfspeatm Foston.  CE0EE _v_|
T [ VRS PR
Ll Lo SAr| L ¥

|

Click Mest' o conlirae

=T | W

The Free Field Calibration Wizard

3. Specify the loudspeaker position in the room by using the Loudspeaker Position
list. The last calibrated position is selected by default.

Loudspeaker Position: | centre |

Loudspeaker position selection box

Page 52



Sound Field Calibration v1.0

4. Click Next to proceed to the next step in the wizard.

5. Specify the loudspeaker to be calibrated by using the Loudspeaker ID list. If the
loudspeaker you want to calibrate is not listed, see the Maintenance Manual for
instructions on adding a new loudspeaker to the list.

Loudspeaker [D: Frpe_SpkO1 w

Loudspeaker selection box
6. Specify the distance between the loudspeaker and the test position (where the con-
trol microphone has been placed).

[rigtance: 1.0 [meters)

Distance beteween microphone and speaker
7. Click Next to proceed to the next step in the calibration wizard.

8. Select Automatic (using a calibrated microphone). For instructions on how to
calibrate using a sound level meter instead of the control microphone, see the
HEARLab System Maintenance manual.

9. Use the list to specify the microphone that is to be used in the calibration process.
This field will normally not be changed.

10. Click Next to proceed to the next step in the calibration wizard. This step contains
a diagram on how to set up the equipment for the calibration process.

Free Field Calibraiton: Step 4

Check the loudspeaker setup az per illustration below:
>

. 45"
> 0.6m i > 1lm ;
=l

::::::

ol

Jh
— 14| meference

Click Mext' to continue

[ < Back ]l Mext > |[ Cancel ]

The Free Field Calibration Wizard: Room Setup

11. Click Next to procede to the next step in the calibration wizard. This step contains
a list of all the connections to check before performing the calibration.

*  Make sure the control microphone (used in the calibration process) is plugged
into the Control Mic socket of the Stimulus Controller (SC) and properly
placed at the test position.
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* Make sure that loudspeaker is plugged into the Left Speaker socket of the SC.

Free fiebt Cabration Soep & =]

Chech, e etmgmmd o in bk
| Lttt i orocted i F FF LEFT J/FF BEGHT" mokel of
e L Conraliss

1 Microphore i convecied 1 e TINTFOL HIT sxcied of e
Stmun Contoles ard slaced ol the s ponl

1 M i el ey i s connact P snpifer inpeoetad in
St TO EXT AMP i FROM EXT AHP sockof o e Thiwuiai
Eomolle wipscily

1 B el il i s ok 1o i rceanad gen and
recabrste i roeds o be thargml.

Cick Wl by cordras

| cBack N Huest: | [ Cocal |

Equipment setup instructions

Click Next to proceed with calibration. A series of warble tones (from 125 Hz to 8
kHz in one-third octaves) will be presented through the loudspeaker. The signals
will be recorded and measured by the microphone in order to obtain the frequency
response of the free field environment.

Fie Foetd Calibeatin. Step & B

Tirer sl ormatac hes fedd compeantation hat bagun
Wi iy ehenin b skl & pauss the besl ol oy b

Peagerr  Obharang ires k] haguency RHgonss.
T |

[Posn ] [t ]

Automatic calibration in progress
*  You may pause or abort the calibration process at any time.

* During the calibration process, the Back and Next buttons on the wizard will
be disabled.

* If the system could not obtain a signal, or finds that the obtained frequency
response exceeds = 8 dB of the reference frequency but is still within + 11 dB
of it, a warning message will be displayed on-screen and you will be prompted
to restart the automatic calibration process or to continue.

*  After the first frequency sweep, the system will make automatic level adjust-
ments as the second frequency sweep is presented in order to produce a (near)
flat frequency response. The signals will again be recorded and measured by
the microphone.
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10.
11.

12.

* Upon the completion of the second frequency sweep, the filtered (filter gener-
ated from obtained frequency response) ACA stimuli will be presented and
recorded.

* The Back and Next buttons on the wizard will be enabled again after the auto-
matic calibration process has completed.

Fren Field Callbration: Step & ﬁ

The o e skl compentvesboon has begn

'gad i oo s B0 shodt of pause B 1R &1 Gy b

Peogess, Calbeshion complsted
(RN RN ERARRANRNERRANRE

The fiee Febd coongencgtion pocesd hat Been Complsted

Ul Teeod! b combrmm

[ ¢Back |f pesr J [ concd |

Automatic calibration completed

If the measured frequency response of the field exceeds +10 dB, or if the adjusted
frequency response still exceeds IEC 645-2 tolerances, you will be notified and
asked whether or not you wish to retry the calibration.

You may wish to view the preliminary calibration results before making the deci-
sion. If you choose to retry, the calibration process will be repeated, and all previ-
ous adjustments will be discarded.

Before trying the calibration process again, You may wish to adjust the room setup
(e.g. moving furniture around, moving the loudspeaker and test position further
away from the walls) to improve the frequency response of the sound field.

Click Next to proceed to the next step in the calibration wizard.

Type any additional notes regarding the calibration (e.g. sound level meter used,
name of the operators performing the calibration).

Click Finish to save the results and exit, or Cancel to discard the results and exit.
Unsuccessful calibration results cannot be saved.
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(Free Fietd Calbrathn: Sp T '-

Tites e fesd compeneation hat bean suctesiluly condleted

Erdrt ary aeklimral nede mgantng the callaadim b e g 10
oupmant L)

Wis Flaialic..

ik Frned) b cavem e esills ared s am
G e

Comments in the Calibration Wizard

4.3 Calibration Results

You can view current calibration results, save them to a text file, or print a hardcopy.
1. Open the Calibration window by pressing CTRL+SHIFT+ALT+K.

2. Click the Free Field button. This will open the Free Field Calibration Wizard.
3. Click View Results... This will open the Last Calibration Record for My Room window.

Last Lahleratin Resord for 1

FRER FIELD CALINRATION ERCORD

Room’s last calibration

IClinie Nawa] Harkating D — results for selected

I3peakez Poaivion]
ISpaakar DiFtancs]
[Calibratisn Dats)]
{Calibrated Toy)

IID of Loudspesker)
IID of Hiceophons]
IBxe. Aep Taed?]
1Bz, Amp Cain)
IFraquancy Raspoade]

IPova Location] 1

Cantca

In

On Jun FO0F L& 40
Frys, Mrircins

i

i

He

HSL

Fragusncy (Hz) Eeloce

— as an ASCII text file

loudspeaker position

Click to save last
calibration results

Click to print last
calibration results

/ Click to return to free
D | i k[/ field calibration J

¢ (Click the Save As... button to save the calibration results into a text file.

* (Click the Print... button to print the calibration results.
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Tools & Utilities

In ACA, various administrative options and utility functions are provided for software
housekeeping and purposes. These functions include:

* Administrative tools—user administration, user passwords, and setup location
* Database tools—database backup and restoration

e Utilities—quick impedance, ambient noise, and stimuli presentation level checks

5.1 Administrative Tools

The tools described in this section include how to add a new user or motify an exist-
ing user, how to change the user password, and how to change the setup location for
HEARLab.

5.1.1 User Administration

You must have HEARLab administrator privileges to perform the actions described in this
section.

To Open the User Administration window

Open the Tools menu and select User Administration...

User Administration E
User Accounts

Username Surname First Mame * Access Privileges  Defaulk User? Auto Login? L Modify

Frye Electronics Frye Adrninistrator es Yes
Remove

\ Click once to select

(highlight) the user
List of all users with
access to ACA

o [

Add User...

. Click to modi
Click to add a new ’fy .
selected user’s details
user access
(e.g. password)

To Add a New User

Click the Add User... button in the User Administration window. This will open the Add
User window.

( Click to remove selected user’s access ]
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Add User

User Information

Create a new user or select an existing user to grant access ko MNaL-ACA:

() Existing User

Surname: Firsk name:

Username (masx 20 chars): Password (max 20 chars):

Confirm Password:

User Privileges

(*) Reqular (O administrator

Login Options

[pefault user [ Auto log-in

o | [

Add User window

¢ To create a new user, select New User. Enter the user’s ID details, username and
password, access privilege, and login options.

* To modify an existing user from this window, select Existing User and use the list
to select the user.

* (Click OK to save the changes.

To Modify an Existing User

Open the User Administration window, select the existing user, and click Modify. The
Modify User Details window will appear.

I:M-uii;ri'.ﬁu'ni'_ulu &

Lier Iaformastian
Crmakn i e osr or salect i Esisting osr (o grant scress bo MAL-ACA:

(2 okl e
Snare:;  MLAALED Frril names | Sddme
WU [ma 7 chaee Pasoword (mas D3 chars)y AR
Confiars Pasowond; naass
L Frrcboues
Cimeglar (%) Adranemr o
Lagn Oebises
ol e [ Buto bogrin
|

Modify User Details window
Modify the user’s details as desired, then click OK to save the changes.
Delete a User

Open the User Administration window, select the existing user, and click Remove. The
user will no longer have access to HEARLab ACA.
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5.1.2 Changing Your Password
The current user may choose to change his/her password at anytime, and does not
require administrator privileges to do so.

1. Open the Tools menu and select Change My Password... This will open the
Password Change window.

Password Change

Current Passwaord: eeee

Mew Password {max 20 chars); | #eee

Confirm Mew Password: sess

l Ok l l Cancel ]

Password change window

2. Type in the current password, and then type in the new password twice in the
fields indicated.

3. Click OK to save the new password.

5.1.3 Changing the Setup Location

The setup location of the HEARLab system is saved in the database in order to identify
calibration results. Therefore if the system has been moved to another location, the setup
location should be updated accordingly.

1. Open the Tools menu and select Update Local Settings... The Update Room
Location window will be displayed.

Update Room Location

Please enter in the nes location: ok

E Cancel

2. Type the new setup location into the box.

3. Click OK to save the changes.

5.2 Database Backup and Restore

It is important to regularly backup the database to prevent the loss of clinical records

in the case of a mishap. The database restore function allows the clinical records to be
restored to a previous backed up version. Currently, the software does not provide a func-
tion for the merging of clinical records from different HEARLab setups.
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5.2.1 Backing up the Database

1. Open the Tools menu, point at Database Administration, and select Backup
Database. A Browse For Folder dialog will be displayed.

Browse For Folder

Select the Folder to which to backup the database

@ Desktop
)
.
‘:} My Metwork Places

[ ACA_Op_Copy_05-06-2007
I3 ACAModule Debug Test Only 2006-11-06

[ IMake Mew Falder ] [ QK l [ Cancel ]

Select folder for database backup

2. Select the folder you want to use to store the database backup. A database backup
directory containing the backed up data will be created in that folder. If you want
to create a new folder, click Make New Folder.

3. Click OK to start the backup. A message box will be displayed to indicate the suc-
cess / failure of the database backup.

5.2.2 Restoring the Database to a Previous Version

1. Open the Tools menu, point at Database Administration, and select Restore
Database. A Browse For Folder dialog will be displayed.

Browse For Folder

Select the folder From which to restore the database

@ Deskkop
@ My Documents
vj My Computer
":} My Mebwiork Places
(£ AcA_Op_Copy_05-06-2007
[ AcAModule Debug Test Only 2006-11-06

| Ok | [ Cancel

Restore Database browser
2. Select the folder that contains the version of the database that you want to restore.

3. Click OK to start the restore. A message box will be displayed to indicate the suc-
cess / failure of the database restore.
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5.3 Utilities
Several utility functions are provided in ACA to allow the user to perform quick checks on:
* Impedance of electrodes
¢ QOutput presentation levels of test stimuli

¢ Ambient noise measurement

5.3.1 Checking the Impedance

You may check the impedance at any time with out needing to go through the client selec-
tion process.

* Open the Tools menu, point at Utilities, and select Impedance Check... This will
display the Impedance Check window.

Impedance Check
5 10 z0 75
Ref [ ‘
5 10 20 25
= | .

Impedance Check window

The impedance of the reference and active electrodes will be automatically mea-
sured in 1 second intervals.

¢ C(Close this window when finished.

5.3.2 Checking the Stimuli Presentation Levels
This function is used to check the output presentation levels of the ACA and CTE stimuli,
thus ensuring the HEARLab calibration is still valid.
1. Open the Tools menu, point at Utilities, and select Stimulus Presentation Level
Check...The Stimulus Presentation Check window will be displayed.
2. Specify whether the ACA or CTE stimuli are to be checked.
3. Specify the transducer you want to check by using the Output Pathway list.
* Free Field (ACA)
* Insert Earphone (CTE)
¢ Bone conductor (CTE)
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Stimulus Presentation Check

e kest protocal:

Qe

Stimuli Presentation Setup

Output pathway: | Free Field _ Stim. Transducer:
Output Channel: Loudspeaker Position: '

Stimulus Check.

Selctoutputlevels (55 [v] sSelctthestmuus: [ v
{dB SPL) : P —
Check stimulus output

Stimulus Presentation Check window
If you are checking the free field calibration:

* Place the control microphone at the reference test position such that the output
can be measured.

* Specify the loudspeaker position from which the stimuli are to be presented.
If you are checking the insert earphone or bone conductor calibrations:

*  Specify the Output Channel to test.

* Specify the output transducer you are checking in the Stim. Transducer list.

Select the output level for the stimulus presentation.

Select the stimulus you wish to check.

Click Check stimulus output. The stimulus will be presented through the selected
transducer at the specified presentation level. For ACA, the dB SPL output of the
stimulus will be measured by the microphone and displayed in a message box.

-,

‘A 1.0

The measured signal level was: 46.1 dB SPL

Click Done when you have finished checking the stimulus presentation levels.

5.3.3 Ambient Noise Measurement

Before performing an assessment or calibration, it is good practice to first measure the
ambient noise of the room and check that the noise level is below the recommended lev-
els. You can measure the ambient noise with the Ambient Noise Measurement window.

To perform this test, make sure the control microphone is connected to the Stimulus
Controller. Position it at the test position (where the patient will be sitting).

Open the Tools menu, point at Utilities, and select Ambient Noise Check... The
Ambient Noise Measurement window will be displayed.
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Ambient Noise Measurement

Ambient noise level: I (dE &)

(dB SPL)

50.0 1/3|Dctave S trum of Measured Noise ~

40.0

z20.0
v

0.0
100 1000 10000
Freg (Hz)

[ ‘Wiews ambient noise requirements. .. ]

Ambient Noise Measurement window

Click Start to begin the ambient noise measurement. The microphone will record

the ambient sounds, and the recording is filtered at 1/3 octave bands to produce
the noise spectrum.

Once the analysis has been completed, the noise spectrum and the dB A level is

updated.

Ambient Hoise Measurement

Ambient noise level: Fg'z (dB &)

{dB SPL)
80.0 173 |0ctave ectrum of Measjured Moige -~
40.0

20.0- —
b

0.0 —
100 1000 10000
Freq (Hz)

[ Wiew ambient noise requirements, .. ]

Ambient Noise Measurement (completed) window

Click View ambient noise requirements to check the ISO 8253-1 requirements for
for testing. A dialog with a table of the maximum permissible ambient sound pres-
sure levels at each frequency for the selected transducer and test level is displayed.

Select the transducer (insert earphone or bone conductor) and the test level (in

dB HL) in order to view the updated figures. In general, the ambient noise level
should not exceed 35 dB A.
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o =

—
Ambient Moise Requirements
Wigw ambient noise requirements For:
Insert Earphone M at |EI dB HL M
Freq (Hz) dB SPL
125 39
160 30
200 20
250 19
315 18
400 15
S00 15
630 15
800 20
1000 23
1250 25
1600 27
2000 30
2500 32
3150 34
4000 36
5000 35
6300 34
o000 35

ISO 8253-1 Ambient Noise Requirements
5. Click Finish to exit the test.
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Reference

This chapter contains a list of all the toolbars and menu items in the HEARLab ACA
software.

6.1 Toolbars
There are three toolbars in the ACA module:

*  Main toolbar — Displayed in all windows
* (lient toolbar — Displayed in the Client window

* Assessment toolbar — Displayed in the Impedance, Acquisition, and Results win-
dows.

6.1.1 Main Toolbar

20

Click this button to access the Client window.

?

6.1.2 Client Toolbar

Click this button to specify a new assessment for the selected client.

S

s

h.:’.
ﬁ Click this button to add a new client to the database

>

k4

Click this button to search for an existing client OR to list all existing clients

6.1.3 Assessment Toolbar

GH'BE B

Click this button to access the Impedance window.
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Click this button to access the Acquisition window.

E.

Click this button to specify a new run for the current assessment.

=
#]

Click this button to view results for the current assessment.

b

Click this button to save assessment results to the database.

Click this button to access the assessment report’s print preview.

i

Click this button to print the assessment report directly without previewing.

6.2 Menus
There are three menus bars available in HEARLab ACA.

e Main Menu Bar — available in all windows
e (lient Menu Bar — available in the Client window

* Assessment Menu Bar — available in the Impedance, Acquisition, and Results win-
dows

Note: The menu bar displayed at any one time is a combination of the main menu bar

and one of the other two menus bars.

6.2.1 Main Menu Bar

File Main Tools Help

File File menu
Swikch Liser... * Switch User: Log-in as a different user
Exit e Exit: Exit ACA
Mair Main menu
lient * Client: Access the Client window
MNew Assessment. .. .

New Assessment: Specify a new assessment for the selected
client (this option is unavailable if no client has been selected)
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Tools
Itilities
Iser ddminiskration. .

Dratabase Adminiskrakion

Jpdate Local Sektings. ..
Change My Passwaord, .

View Log Ackivity

Ltilities »

Daktabase Adminiskration *

Wiewa Log Ackivity g

Tools menu

Utilities: View the submenu
User Administration... View/edit registered users
Database Administration... View the submenu

Update Local Settings... Update the physical location
of HEARLab (this information is used for calibration
purposes).

Change My Password... Modify your login password

View Log Activity... View the submenu

Impedance Check., ..
Stimuli Presentation Level Check, ..
Ambient MNoise Check. ..

Utilities submenu

Backup Database
Reskore Database

Impedance Check... Check electrode impedance with-
out going through the client selection process

Stimuli Presentation Level Check... Check the output
level of the various ACA and CTE stimuli to ensure the
calibration results are still valid

Ambient Noise Check... Measure the ambient noise of
the room

Database Administration submenu

Module Log. ..
Swskem Log. ..

Backup Database: Perform database backup

Restore Database: Perform database restore

View Log Activity submenu

Click Module Log... (or press M on the keyboard) to
view the log activities for the module

Click System Log... (or press S on the keyboard) to
view the system log activities
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Help Help menu
ACA 1.0 Help * ACA 1.0 Help: Access online help
About ACA...

e About ACA... View HEARLab ACA version information

6.2.2 Client Menu Bar

Client * Add New... Add a new client to the database
Add MNew.., ¢ Search for Client: Search for an existing client or to list all
Search For Client existing clients

6.2.3 Asssement Menu Bar

* Impedance Check: Access the Impedance window

Assessment
Impedance Check, * Acquisition: Access the Acquisition window
Arquisition ¢ New Run... Specify a new run for the current assessment
Mew Rur...
View Results ¢ View Results: View the current assessment’s results
v e Save: Save the results of the assessment to the database
* Report: View the submenu
Repart b
* View Settings: View the submenu
View Settings b

! ) ¢ View Client Info: View current client information
Wiew Clignt Infa

Report 4 Prinkt Preview
Prink

Report submenu
* Print Preview: Access print preview of the assessment report

* Print: Print the assessment report directly without preview

View Settings g Assessment
Run

View Settings submenu

* Assessment: View the detailed assessment settings of the load-
ed assessment

* Run: View the current run settings (applicable only for the
active assessment)
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Overview of the ACA and CTE Modes

This chapter contains an overview of the Aided Cortical Assessment (ACA) and
Cortical Tone Evaluation (CTE) modes.

7.1 ACA Mode
What is the ACA mode intended for?

The ACA mode allows speech stimuli to be presented in the free-field, and is an
additional tool to assist in the evaluation of hearing aid fittings, particularly for
young infants or older people unable to give feedback to the audiologist about

the suitability of their hearing aid fitting. It is most applicable in cases where the
individual’s pure tone hearing threshold levels are unknown or uncertain, making
accurate hearing aid prescription and real ear evaluation difficult. The ACA module
allows the audiologist to determine whether the hearing aid wearer is able to detect
speech sounds of different frequency spectra at average conversational levels, with or
without a hearing aid fitted. The most common scenarios for considering using the
ACA mode are:

* The hearing aid wearer is not developmentally ready for behavioural aided (or
unaided) hearing assessment (e.g., normally developing children under the age
of 10 months)

* The hearing aid wearer has disabilities in addition to hearing loss which make
behavioural hearing testing unreliable, or impossible (e.g., children or adults
with significant cognitive or motor impairments)

* The pattern of audiological results for the hearing aid wearer is complex, and
there is great uncertainty about the pure tone audiogram on which the hearing
aid prescription is based (e.g. infants who have evident otoacoustic emissions
but an abnormal ABR, and may be affected by auditory neuropathy spectrum
disorder).

What acoustic stimuli are available for presentation in ACA mode?

Three “natural” speech stimuli, /m/, /t/ and /g/ are available in the ACA mode. They
are speech tokens extracted from recordings of running speech. They were chosen
for their dominant energy spectrum in different frequency bands; /m/ for the low
frequencies, /g/ for the mid frequencies and /t/ for the high frequencies. The aim is
to gives some indication to the tester as to whether speech information of low-, mid-
and high-frequency bands are independently detectable by the subject at the cortical
level.

The presentation levels available in the ACA mode are closely indicative of the long-
term rms level of continuous speech in which these sounds occur. The spectral ener-
gy of the speech stimuli is shown in Appendix B.
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What presentation levels available for ACA mode?

Three presentation levels are available for each of the speech stimuli. These levels
are:

* 55 dB SPL, representing speech at soft levels
* 65 dB SPL, representing normal (average conversational) speech levels and
* 75 dB SPL, representing speech at louder levels

The test parameters (stimulus type and presentation level) can be selected by the
tester prior to each new test run. Typically, the tester may commence an audibility
assessment with hearing aids for the three speech sounds at 65 dBSPL. If the cortical
response is present, testing at 55 dBSPL may be desirable. If the cortical response is
not present, the tester may choose to go on and test at 75 dBSPL.

NOTE: The ACA mode is not intended for frequency-specific threshold testing. The
CTE mode should be used for evaluating the audibility of highly-frequency specific
tones.

Can ACA testing be performed monaurally?

Masking is not available for testing in ACA mode. However, the non-test ear may
be blocked with an earplug (e.g. foam EAR plug). For aided evaluation, if monaural

results are desired the hearing aid in the non-test ear can be left in-situ but switched
off.

7.2 CTE Mode

What is CTE mode intended for?

The CTE mode is intended for evaluating the audibility of frequency-specific tone-bursts.
Common clinical indications include:

* Testing adult participants who are uncooperative for behavioral frequency specific
audibility assessment (e.g., claimants in medico-legal investigations)

» Testing older children or adults who have multiple impairments such that behav-
ioral hearing assessments are unreliable or impossible (e.g., stroke victims or those
with severe cognitive impairments),

* CTE can, in principle, be used with younger children; however due to the time
taken to perform multiple test runs, and the need for the child to be in a quiet
alert state, the clinician may consider alternate frequency-specific test techniques
that can be performed while the child is asleep (Auditory Brainstem Response, or
Auditory Steady State Response) for this age group.

What acoustic stimuli are available for presentation in CTE mode?

There is a choice of six tone-burst frequencies in the CTE mode. The envelope of these
tone-bursts comprises a rise time and a fall time of 10 ms with a plateau of 30 ms. The
duration of these tone-bursts is equivalent to 40 ms. The tone-burst frequencies avail-
able are 500, 1000, 1500, 2000, 3000 and 4000 Hz. The calibration procedure employs
a continuous tone that has the same peak level as the tone-burst stimuli used during the
cortical testing. To compensate for the short duration of the tone bursts, the CTE mode
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automatically applies a 6 dB correction to the levels determined in the continuous tone
calibration.

Choice of transducer and test levels in CTE mode

In the CTE mode the acoustic stimulus can be presented by air conduction (via an insert
earphone) or by bone conduction. The choice of test levels available is:

Insert phone: -10 dB HL to 110 dB HL. (5 dB step size)

Bone conductor: -10dB HL to the maximum levels specified below (5 dB step size):

Center Max dB
Frequency | HL

(Hz)

500 60

1000 70

1500 70

2000 70

3000 70

4000 60

Masking for CTE testing

When testing with insert phones, masking is available for the non-test ear. The mask-
ing signal is a narrow band noise centered at the test frequency. Narrow band noise,
centred at the test frequency, is routinely and effectively applied in conventional audi-
ometry (Hall, 2007; Hyde, 1997) and is appropriate for cortical testing with tone burst
stimuli delivered via air or bone conduction (Goldstein et al, 1999). The level of mask-
ing applied should follow normal audiometric rules (Reid & Thornton, 1983). Given the
increased inter-aural attenuation offered by insert earphones, masking to the NTE may
not be needed for stimulus levels if the TE level <70 dB HL. Inter-aural attenuation for
insert earphones may be as great as 60 dB (Hall, ibid). Where masking is indicated, the
CTE mode offers a masking range of +10 to -30 dB (relative to the stimulus presentation
level). Testers should be aware that with extreme stimulus presentation levels (e.g. 110
dB in the test ear) the contralateral masking may be 80 dB or more which may present
the possibility of over-masking.

7.3 Notes on the Use of HEARLab ACA

7.3.1 Monitoring of test participant state

The state of alertness of the test participant is critical in cortical testing. This applies
equally when using the HEARLab device in either the ACA or CTE mode. Sleep is a
known to affect the amplitude of cortical responses (Hall, 2007). There is evidence that
attention affects response amplitude and waveform shape, particularly near the lower
limits of audibility.

It is also important to maintain the most favourable signal to noise ratio (SNR) conditions
possible, and the test participant themselves can be a source of noise. Vocalisation can
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be a significant noise source (usually when testing young children). Physical movements
(voluntary or involuntary) and neck muscle tension can also introduce unwanted electro-
physiological noise.

It is recommended that cortical testing be carried out in a quiet, comfortable test environ-
ment. Ideally, the test participant should be awake and alert, yet physically as relaxed as
possible. The tester needs to monitor the test participant constantly to be aware of any
changes in their level of alertness and/or physical state. To ensure that adults and older
children remain in an ideal state, allowing them to watch a silent DVD of interest to
them is a good technique. When testing younger children/infants, a trained test assistant
can be an advantage in both monitoring the child’s state and keeping them as quiet and
content as possible. A parent or caregiver may also be able to assist in this respect. Refer
Appendix A for more detailed pediatric distraction techniques.

As well as observing the test participant, the tester may be alerted to problems with the
participant’s state by noting changes in the EEG and/or a high epoch reject rate (refer also
to the following section regarding the “noise indicator”).

If test conditions become unfavourable for any reason, the tester has the option of paus-
ing the recording and resuming the test as soon as favourable conditions are restored, or
truncating the test and restarting it.

7.3.2 Interpretation of results

Is the acoustic stimulus audible to the test participant?

HEARLab calculates and displays the averaged response waveforms. The tester can
review these waveforms and mark key features (i.e., peak amplitudes and latencies)
before saving and printing reports. HEARLab also provides a detection statistic and a
noise indicator to assist the tester in determining whether the stimulus is audible to the
participant. These indicators are aimed at improving test reliability, and enabling mean-
ingful interpretation of results to be achieved, even by testers with limited experienced in
interpreting cortical response waveforms.

7.3.3 Noise Indicator

Noise in the recorded cortical responses can affect the reliability of the statistical analysis
results, thus the higher the residual noise level, the less reliable the resulting statistical
analysis. The morphology of the average waveform may also be adversely affected by
noise.

HEARLab incorporates a display which indicates the quality of the cortical response
recording in relation to the noise level of the signal. This is shown prominently on the
test screen in the “residual noise traffic light” window. A residual noise level value < 3.2
wV (represented by a green color) indicates a good quality recording; a value between 3.2
and 3.6 uV (represented by a yellow color) indicates a slightly compromised recording;
and a value > 3.6 uV (represented by a red color) indicates a poor quality recording.

7.3.4 Detection Statistics

HEARLab ACA employs statistical techniques to determine whether a CAEP is actually
present. The analysis result is expressed as a p-value. This value represents the prob-
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ability that the response to a stimulus is significantly different from random noise. A
detection p-value < 0.05 is often taken to represent a significant response. The lower the
p-value that is obtained, the greater is the certainty that a CAEP is present.

Guide on use of the noise indicator and the detection statistics

HEARLab ACA calculates and displays the average waveforms and probability values,
without any need for off-line processing by the tester. The tester can decide whether a
stimulus is audible to the test participant, based on the p-value combined with a favour-
able noise residual indication. Research conducted by NAL has shown that this tech-
nique is as reliable as (and sometimes more reliable than) visual interpretation of the
waveforms by an experienced tester. Note, however, that a high residual noise (red or yel-
low) should caution against making a decision. This is particularly the case if the p-value
is not significant. That is, if the residual noise level is high, it can NOT be concluded that
the test sound is inaudible, just because the p-value is greater than 0.05. The noise may
in fact be masking the presence of an actual cortical response.

If the test participant starts the test run in a restless state (resulting in a large amplitude
on the continuous EEG record, and a high residual noise in the traffic light indicator) but
subsequently settles to a more desirable state, it is possible that a good quality averaged
response will be obtained more quickly if the test is restarted than if the test is contin-
ued. This is because the large proportion of rejected responses during the “noisy” part of
the test will contribute unduly to the overall response.

If the Noise Indicator is green and the p-value is greater than 0.05, the tester should
ensure that the test participant is not falling asleep.

Deciding on the number of epochs to collect for each test run

The greater the number of accepted epochs in a test run, the higher the quality of the
resulting average waveform is likely to be. However, the number of epochs impacts on
the test time and so is a consideration, particularly if the tester wishes to conduct a large
number of runs.

During a test run, acquisition of cortical responses stops automatically when the number
of accepted epochs, preset by tester, is reached for all stimuli selected for that test run. If
the test participant is in an ideal test state, the tester may choose to preset a lower num-
ber of minimum accepted epochs (e.g., 50). If the subject’s state is less than ideal, or like-
ly to be variable (e.g., in the case of an active young infant) the tester may prefer to preset
a higher number of accepted epochs (e.g., 200 or more), then manually stop the testing
when enough information has been obtained and the noise indicator is favourable. This
is because more epochs are needed to reduce the overall background noise level.

In any case, the tester can save test time by stopping a run early when the p-value is less
than 0.05 and the noise indicator is green. There is no minimum required number of
epochs if these two conditions have been achieved. If the p-value is only just less than
0.05, it is wise to allow the test to continue further to ensure that a significant p-value
continues to be obtained. Remember that adopting a p-value criterion of 0.05 is equiva-
lent to accepting that 1 time in 20, a “significant” response will appear to be present even
when there is in fact no response present.

Please note that in the ACA mode it is possible to have two or more stimuli selected in
a single test run. If the preset number of accepted epochs is reached first for one of the
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stimuli, further presentation of this stimulus automatically ceases. The remaining stimuli
continue to be presented until the preset number is reached in each case.

It should also be noted that as stimuli are presented in blocks of 25 the stop criteria can
occasionally be exceeded, if the required number is achieved part-way through a presen-
tation block.

7.3.5 Cortical Latencies

The averaged CAEP waveforms of adults typically exhibit 2 positive and a negative peak
that are labeled as P1, N1 and P2. In infants, only one positive peak is present. The nega-
tive peak, and second positive peak, develop with increasing age. HEARLab indicates

the typical range of latencies for the single positive peak, when the age is less than 15
years (calculated from the date of birth entered in the client details screen). The range is
a function of age and is calculated from a regression equation based on previous research
(see scientific background to the CAEP section).

HEARLab indicates the typical range of latencies for subjects older than 15 years accord-
ing to the following ranges

Peak P1 N1 P2

Latency range (msec) 40-100 75-150 | 150-300

The age-dependent typical ranges for latency should be considered as guidelines only.
The significance of an individual having latencies falling outside the normal range has
not been extensively investigated. There is, however, evidence that:

* Auditory deprivation during the first months or years of life is likely to cause
delayed latency when sound is first experienced, although latency is likely to prog-
ress towards and eventually reach normal latencies if auditory stimulation (via
cochlear implantation) occurs before the age of 3.5 years and may reach the nor-
mal latency range if stimulation occurs before the age of 7 years (Sharma, Dorman
& Spahr, 2002).

* Longer latencies are associated with poorer speech perception for wearers of
cochlear implants (Sharma, 2008).
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Scientific Background of CAEP

This chapter contains information on the scientific principals of Cortical Auditory
Evoked Potentials (CAEPs).

CAEPs have been recorded both in clinical and research settings for decades. As early as
the 1960s, studies have reported the application of the CAEP technique (Coles & Mason,
1984; Cone-Wesson & Wunderlich, 2003; Davis, 1965; Hyde et al., 1986; Rickards et al.,
1996).

8.1 Physiological Mechanisms of the CAEP

The CAEPs of interest for HEARLab are the P1, N1 and P2 responses. These responses

are assumed to be generated at different levels of the auditory cortex, which is a complex
network of neural cells and fibres. The physiological mechanisms of the CAEP are com-
plex and have been the subject of much study and debate (Hall, 2007). Much of what is
understood regarding the mechanisms of cortical processes in humans has been inferred
from animal studies. Several comprehensive texts can provide the reader with an over-
view of this debate (e.g. Burkard et al., 2007, Hall, ibid). Eggermont (in Burkard et al, ibid)
describes the auditory cortex as a hierarchical structure, with three broad subdivisions,
referred to as the primary, secondary and tertiary cortex. The cortex as a whole is orga-
nized in terms of six laminae, or layers, parallel to the folded cortex surface (Katz, 1985).

The origins of the voltages observed on the scalp can be understood as follows (Burkard et
al., ibid). The auditory cortex receives excitatory input from specific auditory areas in the
thalamus. Axons from thalamic neurons communicate synaptically with the long fibre-like
dendrites of cortical neurons. These dendrites run perpendicular to the cortical laminae
and cortical outer surface. The inflow of positive ions that occurs following excitation at a
synapse creates a positive-going post-synaptic potential within the dendrite (i.e. depolar-
ization). As a result of the inflow, the extracellular environment local to the inflow posi-
tion becomes more negative. Extra-cellular current then flows throughout the cortex from
positively to negatively charged regions to equalize the extra-cellular potential throughout
the cortex. If the synaptic excitation (and hence depolarization) happens relatively deep
below the cortical surface, for instance at layer IV, the extra-cellular currents predomi-
nantly flow from superficial layers to the deeper layers. Positions on the scalp closest to
the superficial layer therefore acquire a positive voltage relative to positions on the scalp
closer to the deeper layers. Because the surface of the auditory cortex lies mostly within
the Sylvian fissure, most dendritic fibers run tangential to the scalp. Consequently the
upper half of the scalp, including the vertex, becomes positive relative to the lower half of
the scalp, including the mastoid. This is thought to be the origin of the P1 peak, and to be
one of the origins of the P2 peak. Conversely, if the original synaptic excitation and conse-
quent depolarization occur in a more superficial layer (e.g. layer II), then the extra-cellular
current flows from deeper to more superficial layers, and the vertex will become negative
with respect to the mastoid. This is thought to be the origin of the N1 response. As den-
drites and synaptic connections do not form in the superficial layers until after about five
years of age, this is consistent with the absence of an N1 response in infants (Kraus, 1993).

Page 75



HEARLab ACA Operators’ Manual v1.0

Amplitudes of auditory evoked potentials, including the CAEP, are thought to be affected
by the summation of contributions from multiple sources that may have opposite polari-
ties and hence have partially cancelling effects (Burkard et al., ibid).

Multiple mechanisms contribute to the latency of the cortical responses, including the
cochlear travelling wave (which is more relevant to the low frequency components)

and the time taken for the neural activity to travel through the brainstem to the cortex.
However, the latencies of the P1 peak (60 ms in adults), N1 peak (100 ms in adults) and
the P2 peak (180 ms in adults) are far too long to be fully accounted for by these factors,
particularly the latter two peaks. The additional delay may be accounted for by neural
activity forming synchronised circuits between different layers and areas of cortex and
between the cortex and thalamus (Burkard et al., ibid). EEG activity in the cortex can

be detected because the dendrites predominantly run in “vertical” columns (i.e. at right
angles to the cortical surface). Because they are parallel, the extra-cellular currents they
induce sum coherently, and hence can be detected at a distance, on the scalp. Conversely,
dendrites in the thalamus are not arranged in a parallel structure, so the activity cannot
be detected at the head surface, perhaps accounting for the periods between the peaks of
the CAEP waveform.

8.2 Characteristics of the CAEP

The major components of the CAEP change substantially over the first 14-16 years of

life (Hyde, 1997; Pasman et al, 1999; Rotteveel et al, 1986). These changes are not fully
understood (Kushnerenko et al, 2002; Wunderlich and Cone-Wesson, 2006), however, it is
believed they reflect underlying developmental changes in the response generators, such
as increased speed of propagation arising from increased axon myelination and from mat-
uration of intra- and inter-hemispheric connections throughout the cortex (Cunningham
et al, 2000; Eggermont and Ponton, 2003). The newborn infant cortical response is
dominated by a prominent positive peak at 200 to 300 ms when recorded at the midline
(Kurtzberg, 1989; Sharma, Dorman, & Spahr, 2002; Stapells & Kurtzberg, 1991). By adult
years (i.e., over 20 years), the dominant component is a negative peak (N1 at 80 — 120 ms)
that is preceded and followed by positive components (i.e., P1 at 50 to 70 ms, and P2 at
150 — 200 ms) (Davis, 1965; Ponton et al., 2000).

Response amplitude, latency and wave morphology also vary substantially between and
within subjects due to a number of other factors, such as:

varying levels of alertness (Hyde, 1997; Wunderlich & Cone-Wesson, 2006),

b. inadequate signal to noise ratio, due to an inadequate numbers of epochs within
the averaged response (Molfese, 1978)

c. excessive levels of background noise from a participant’s restless state (Hyde,
1994).

CAEPs in young children can show even more variability than those of adults because

of increased electrophysiological noise brought about by movement of the electrode-skin
interface when physical movement occurs, or sudden alterations of psychological state
(Hyde, ibid).
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8.3 Clinical Application of the CAEP

In the past, the main application of the CAEP technique has been in estimating auditory
threshold to frequency specific stimuli in adults who are unable, or unwilling, to par-
ticipate in normal behavioral testing (Coles & Mason, 1984; Cone-Wesson & Wunderlich,
2003; Davis, 1965; Hyde et al, 1986; Rickards et al, 1996). In particular thresholds
inferred from CAEP responses are valuable in evaluating claims for hearing loss in work-
er’s compensation cases.

CAEPs have not been routinely used as a threshold estimation technique for infants,
given the availability and popularity of alternative techniques such as Auditory
Brainstem Response (ABR) and Auditory Steady State Response (ASSR) (Purdy et al,
2005). It is well established that Cortical Auditory Evoked Potentials (CAEPs) can be
reliably recorded in infants, and as early as 1967, CAEPs were explored as a technique
in evaluating hearing aid fittings for children (Rapin & Graziani, 1967). Carter et al. (in
review) cite several more contemporary references to the recording of CAEPs in infants
(Cone-Wesson et al, 2003; Kurtzberg, 1989; Steinschneider, 1992). Purdy et al. (ibid) also
reports that the developmental time course of the CAEP in infants has been investigated
extensively (e.g. Kurtzberg et al., 1984; Novak et al., 1989; Ponton et al., 1996). There
has been a renewed interest in the clinical applicability of CAEPs to the infant popula-
tion during the early years of the 21st century, stimulated by the need to verify hearing
aid fittings for infants referred early in life by newborn hearing screening programs.
CAEP is particularly appealing in this context, as in contrast to other electrophysiological
techniques (ABR and ASSR) The recording of CAEPs verifies the detection of the speech
stimuli at the highest level of the auditory system.

While the relationship between CAEPs and speech perception is yet to be fully docu-
mented, there is clear evidence indicating that CAEPs relate well to behavioural measures
of auditory perception (Purdy et al., ibid). For example:

i. Studies have investigated the effects of changes in speech stimulus parameters,
e.g. voice onset time and place of articulation (e.g., Tremblay et al., 2003).

ii. Changes in CAEP as a result of listening training (that has resulted in improved
speech discrimination, confirmed behaviourally) have been documented (Tremblay
& Kraus, 2002).

iii. A clear relationship between speech perception and the presence of CAEP has
been demonstrated in children diagnosed with auditory neuropathy/dys-synchrony
(Rance et al., 2002).

iv. Several authors report on the recording of CAEPs to verify the audibility of stimuli
for infants fitted with hearing aids (Cone-Wesson et al., 2003; Gravel et al., 1989).

v. A statistically significant relationship has been shown to exist between the obser-
vations of parents regarding their child’s auditory function in everyday situations
(as recorded using the Parent’s Evaluation of Aural/Oral Performance in Children)
and the presence of CAEPs (Golding et al., 2007).

vi. The latency of CAEPs in children who have received cochlear implants has been
shown to be closely associated with the speech perception ability of those children
(Sharma, 2008).
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8.4 Relationship of CAEP to audibility

HearLab was used to assess the audibility of speech for 10 adults with mild-severe hear-
ing loss wearing hearing aids. The sounds /m/, /t/ and /g/, filtered in various ways (high-
frequency emphasized, no filtering, and low-frequency emphasized) were presented
through a loudspeaker. The behavioral thresholds for each of the nine sounds were mea-
sured for each participant. The sounds were then presented by HearLab at sound pres-
sure levels of 40, 50, and 60 dB SPL, the cortical responses were registered on HearLab,
and their statistical significance was calculated by HearLab. (HearLab normally presents
levels of 55, 65 and 75 dB SPL, chosen to represent soft, average and loud speech respec-
tively. Levels 15 dB lower than the levels normally produced by HearLab were used

in this experiment to increase the proportion of sounds below behavioral threshold, so
that the relationship between audibility and cortical responses could more critically be
examined.) This attenuation and the filtering were achieved with equipment interposed
between the HearLab speaker output socket and the speaker itself.
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Figure 8.4: z-scores versus behavioral sensational level for HearLab data obtained on adults wear-
ing hearing aids, for the sounds /g/, /t/ and /m/ under 3 filtering conditions (flat, high boost, and low
boost)

Figure 8.4 shows the p-value displayed on the HearLab screen, transformed to z-scores
to linearize the scale, versus the sensation level (relative to behavioral threshold) of each
stimulus. A p-value of 0.05 transforms to a z-score of -1.64, as indicated by the dotted
horizontal line. For sounds below threshold (i.e. SL.<0), there was only 1 case out of 45
for which HearLab indicated a significant response. (At the p=0.05 significance level,

2 such cases would be expected by chance alone.) For sounds more than 10 dB above
threshold, there were only 2 cases out of 147 for which HearLab did not indicate a sig-
nificant response, one of which was for a sensation level of 10.5 dB. As sensation levels
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increase from 0 to 10 dB, there is a progression towards significance, with a total of 43
significant responses out of 69 cases within this range. The many results with a z-score
of -4 correspond to the cases where the certainty of a significant response was so high,
HearLab indicated a p-value of 0.0000.

For adults with mild to severe sensorineural hearing loss, listening to speech via their
hearing aids, HearLab very reliably distinguishes cases where the sound is below behav-
ioral threshold from cases where the sound is more than 10 dB above behavioral thresh-
old. The results for infants would be similar, though less precise, because of the greater
difficulty of accurately estimating the infant’s behavioral thesholds. Also, cortical noise
levels are larger in infants, making detection more difficult, though this is largely offset
by the CAEP responses also being larger, which makes detection easier. For adults, CAEP
responses to sounds just above behavioural threshold are much greater for people with
sensorineural hearing loss than for people with normal hearing. This is to be expected
when there is loss of outer hair cell function, and consequent recruitment. The same
phenomenon should therefore occur in infants with sensorineural hearing loss, though
this has not yet been directly tested.

8.5 CAEP hardware and measurement parameters

8.5.1 Transducers

HEARLab presents speech sound test signals in the free-field only. This is appropri-

ate for the evaluation of hearing both pre- and post-fitting of hearing aids. Distances
between the participant’s head and the loudspeaker in the free-field have varied across
studies from 7.6 cm (Brown, Klein, & Snydee, 1999), 20 cm (Kushnerenko et al., 2002),
to 1 meter (Simos & Molfese, 1997). The angle between the head and the speaker is not
always reported in studies, but when it is noted, it varies significantly (Kurtzberg, 1989;
Kushnerenko et al., ibid). The use of a loudspeaker positioned at 90° azimuth relative to
the test ear (TE) has been reported (Brown et al., ibid) as has the use of two loudspeakers
positioned at 45° facing the right and left ears (Purdy et al., ibid). One study has reported
the use of a loudspeaker positioned directly above the participant and equidistant to both
ears (Simos et al., ibid). It can be concluded that while it is important to measure the
stimulus intensity at the TE, the issues of angle to the speaker and distance from the par-
ticipant are not critical to the recording of the cortical responses.

The HearLab CTE module delivers stimuli by insert earphones and bone conduction (BC)
only. Insert earphones offer a number of advantages over headphones that apply equally
to evoked potential testing and standard audiometry. First, they offer increased accuracy
in the estimation of threshold in the low frequencies because of reduced variability aris-
ing from air leaks around standard headphones (Gordon, Phillips, Helt, Konrad-Martin,

& Fausti, 2005; Zwislocki et al., 1988). Second, the insertion depth that is required for
positioning the device attenuates physiological noise in the ear and external ambient
noise which makes the use of sound-treated test facilities less critical (Clemis, Ballad, &
Killion, 1986; Gordon et al., ibid; Zwislocki et al., ibid)). Third, the potential for ear canal
collapse in older adults, and hence false air conduction (AC) thresholds, is eliminated
(Clemis et al., ibid; Gordon et al., ibid). Fourth, insert earphones maximize inter-aural
attenuation and reduce the need for masking in the non test ear (NTE) which is particu-
larly useful when significant asymmetric or conductive hearing loss exists (Clemis et

al., ibid; Gordon et al., ibid; Killion & Villchur, 1989; Zwislocki et al., ibid). Finally, they
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provide increased comfort when worn for extended periods (Clemis et al., ibid; Gordon et

al., ibid).

The recording of cortical responses to bone conducted tone-burst stimuli is not per-
formed routinely but its application should not be considered any more problematic than
in behavioural testing (Durrant & Hyre, 1993). For unmasked bone conducted responses,
placement of the device on the electrode-free mastoid (see 3.1.2.2) should be satisfactory
given that the head offers very little inter-aural attenuation to BC stimulation in adult
subjects (Hall, 1992).

8.5.2 Speech stimuli

Three speech stimuli (/m/, /t/, /g/) are available through the ACA unit. They have been
extensively used in cortical response projects at NAL (Dillon, Golding, Purdy, & Katsch,
2006; Golding, Dillon, Seymour, Purdy, & Katsch, 2006; Golding, Pearce, Seymour, Cooper
& Ching, ibid) for the assessment of infants with normal hearing and those fitted with
hearing aids. The duration of these stimuli have been determined based on experimental
evidence gathered at NAL (Golding et al. 2006).

8.5.3 Polarity

Speech stimuli are presented with alternating polarity in the ACA unit. The selection of
signal polarity is not critical to recording CAEPs (Hall, 2007; Hyde, 1997), but as the use
of stimuli that alternate in polarity is known to be effective in reducing the contaminat-
ing effects of stimulus artifact upon the waveform (Hall, ibid; Hyde, ibid; Goldstein &
Aldrich, 1999), it has been incorporated in this module. As the statistical analysis of the
response waveform is based on that portion of the waveform occurring after the stimulus
has finished, there is no chance of stimulus artifact affecting the statistical detection pro-
cess, even were polarity alternation not to be used.

8.5.4 Repetition rates

Speech sound test signals are presented in the ACA unit with an inter stimulus inter-

val (ISI) (i.e., the period between stimulus offset and the following stimulus onset) of
1125ms. In studies where adult-generated cortical responses are recorded, an ISI of 1

or 2 seconds has been reported as clinically satisfactory (Hyde, 1997; Stapells, 2002).
Variations in the ISI with the speech stimuli /uh/, have been recently shown to impact
on the components of the cortical response in children 3-12 years in a highly complex
manner (Gilley, Sharma, Dorman, & Martin, 2005) but the impact of ISI change in infants
has not been widely reported. In a NAL study using the original /m/ and /t/ stimuli, the
stimulus duration was fixed at 79 ms but the ISI was varied from 750 ms to 1125 ms and
1500 ms. In infants, the amplitude of the cortical response increased significantly as the
ISI increased from 750 to 1125 ms but not from 1125 ms to 1500 ms (Golding et al., 2006,
ibid). As there was no clear advantage in using the 1500 ms rate and test time would be
increased, the shorter 1125 ms ISI appears to be a satisfactory and appropriate interval.

The ISI for tone-burst stimuli within the CTE module is also 1125 ms. This is well with-
in the recommended range of one to two per second (Abramovic, 1990) that optimizes the
amplitude of the cortical response (Goldstein et al., 1999).
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8.5.5 Tone burst characteristics

The tone-burst envelope comprises a rise and fall time of 10 ms each and a plateau of 30
ms. The rise and fall shape follows the cosine curve over 90° with an equivalent overall
period of 40 ms. Variations to the rise/fall and the duration of tonal stimuli have complex
implications for the amplitude and latency of adult cortical responses. When the rise/fall
is brief (e.g., 3 ms), an increase in response amplitude and a decrease in response latency
might be expected as the duration of the stimulus plateau varies from 0 — 30 ms and

up to 70 ms (Alain, Woods, & Covarrubias, 1997; Onishi & Davis, 1968). When the rise/
fall is 5 ms, the amplitude of the cortical response is nearly constant as the duration is
varied from 2 — 320 ms (Davis & Zerlin, 1965). Optimal responses are, however, recorded
with rise/fall times and plateau times of greater than 10 ms (Onishi et al., ibid; Rothman,
Davis, & Hay, 1970). The stimulus envelope offered in the CTE module is therefore select-
ed to meet this requirement, but it is not long enough to overlap with the response.

8.5.6 Masking

Narrow-band noise is offered as the masking signal in the CTE module.

Narrow bands of noise centered at pure-tone test frequencies are routinely and effectively
applied to the NTE in audiometry (Hall, 2007; Hyde, 1997) and are appropriate for corti-
cal testing when tone burst stimuli are delivered via AC or BC (Goldstein et al., 1999).
The level of masking applied to the NTE may follow normal audiometric rules (Reid &
Thornton, 1983). This would involve unmasked evaluation of audibility for all frequen-
cies of interest in both ears before re-evaluation (with masking applied to the NTE) for
those frequencies where a cross-heard stimulus is possible. Given the increased inter-
aural attenuation offered by insert earphones, masking to the NTE may not be needed for
stimulus levels in the TE < 70 dB HL as inter-aural attenuation for insert earphones may
be as much as 60 dB (Hall, 2007). For stimulus presentation levels above this (or when
stimulation is by BC), the CTE module offers a masking level range of +10 to -30 dB
(relative to the stimulus presentation level). With an extreme stimulus presentation in the
TE of 110 dB, the contralateral masking will be 80 dB or more, which may lead to over-
masking in some cases.

8.5.7 Number of signal channels and electrodes
The ACA and CTE modules offer a single channel for signal detection.

For cortical response detection a single channel is quite satisfactory (Roger & Thornton,
2007). And given the practical challenges of attaching electrodes and maintaining place-
ment during testing, HEARLab’s single channel recording system is appropriate. In a
recent NAL study where the validity of a statistical technique in the detection of cortical
responses was evaluated, cortical responses from ten adult subjects were recorded to two
speech stimuli presented at five sensation levels (relative to their auditory threshold).
While recordings were made at three electrode sites; C3, Cz, C4, no discernable differ-
ence in response morphology could be observed across the three sites (Golding et al., in
review). As a result reporting was restricted to responses recorded using the single chan-
nel of Cz.
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8.5.8 Electrode placement

For ACA and CTE modules, the examiner is advised to position the active electrode on
the vertex (Cz*), the reference electrode on the earlobe (A1 or A2*) or on the mastoid
(M1 or M2*), and the ground electrode on the forehead (FPz*).

For cortical response detection, placement of the active electrode at Cz or within two

to three cm of the site ensures optimal amplitude of the cortical response in most cases
(Hall, 2007). Based on measurements of the distribution of potentials across the scalp
(Sussman et al., 2008) and on theoretical considerations arising from the angle of inclina-
tion of the surface of the auditory cortex, positions forward of the vertex (such as FCz*)
may offer higher cortical response amplitudes. Even a forehead position is a feasible
alternative to placement at the vertex but an undesirable increase in eye movement arti-
fact will be evident in the recording (Hyde, 1994). In recent NAL studies, where the effect
of lateral variations in electrode position on infant and adult cortical responses was spe-
cifically examined, the dominant adult N1 response was largest at Cz (compared with C3
and C4) (Purdy et al., 2006) while the dominant infant P1 was largest at C3 by 1 to 2 uV
(Golding et al., 2006).

The use of mastoid or earlobe placement for the reference electrode is common
(Goldstein et al., 1999; McPherson, 1996) but given the small surface area of an infant’s
earlobe, mastoid placement may be more practical in these cases. The detection of the
cortical response is independent of the ear under stimulation and so it is not necessary
to move the reference electrode from one mastoid to the other during testing (Stapells,
2002). Although many positions for the ground electrode are plausible, a forehead posi-
tion is one of the easiest to achieve (Goldstein et al., ibid).

8.5.9 Display

The cumulative averaged cortical response is displayed in both the ACA and CTE mod-
ules. A shaded age-typical latency band for the first positive peak (mean P1 latency+ 2
SD) is displayed for children, and shaded typical latency bands for P1, N1 and P2 is dis-
played for adults.

The cumulative average response is shown in the time domain with latency (measured
in ms) displayed on the X-axis as a function of amplitude (measured in ©V) on the Y-axis.
The latency scale is fixed at - 200 to + 600 ms (although waveforms cease at 550 ms)
while the amplitude scale defaults to -15 to +15 wV but it can be modified by the exam-
iner (unlimited scale).

As cortical responses are particularly susceptible to changes in client state (Goldstein et
al., 1999; Hall, 1992; Hyde, 1994; Stapells, 2002), the addition of a pre-stimulus baseline
(-200 to 0 ms) is advantageous (Hall, 1992). The baseline period serves two purposes.
First, if the waveforms are being evaluated visually (which is not necessary in the case
of HearLab because of its internal statistical calculator) the baseline portion enables the
size of fluctuations where there should not be any response to be compared to those in
the region where a response might be expected. Second, the voltage averaged across

the baseline period should be zero. Any non-zero value is therefore the effect of low-
frequency noise from the head or the measurement system that has not been removed by
averaging. This value is subtracted from the entire waveform, a process known as base-
line correction.

* According to Jasper (1958). The ten-twenty electrode system of the international federation.
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As stated, the morphology of the major components of the cortical response change sub-
stantially with respect to the shape and latency over the first 14-16 years of life. The
duration of the X-axis is therefore sufficient to accommodate these age-related changes to
latency.

The age-appropriate latency band was derived from a NAL study (Golding et al., 2006).
The latency results for P1 in 54 infants, aged 0.2 to 0.75 years were plotted together with
adult latency values and data published by Sharma and colleagues in which the P1 laten-
cy for adult normal hearers and those with cochlear implants is reported (Sharma et al.,
2002). The shaded band that is superimposed on the averaged display represents these
findings.

The ACA and CTE modules also display an indicator of residual noise, which is based on
the inter-epoch variability and the number of accepted epochs in each averaged stimulus-
generated response. This indicator provides the examiner with desirable information on
the likelihood of a response, if present, being detectable given the number of accepted
epochs and electrical activity within the accumulated epochs.

The rms value of the residual noise that is superimposed on the averaged accepted
epochs is calculated concurrent with the detection p-value (see 3.1.4.1) and the magni-
tude is shown as the HearLab “traffic light”. The color “red” is used to denote a calcu-
lated rms residual noise voltage in the average waveform > 3.6 uV; “yellow” denotes 3.2
uV < residual noise rms value < 3.6 uV; and “green” denotes residual noise rms value <
3.2 uV.

The residual noise rms values were previously calculated for data collected from 14
babies with normal hearing listening to sounds at 10, 20 and 30 dB sensation level
(Carter et al., in review). Detectability of the cortical response was high whenever the
residual noise was less than 3.4 uV, which provided the basis for the criterion adopted.

8.6 Statistical processing

ACA and CTE modules apply Hotelling’s T2 (Flury & Riedwyl, 1988; Harris, 2001) for
detection of cortical responses.

To achieve this, the sampling points for this averaged response are reduced to nine vari-
ables to form a “response” condition for further analysis. As the latency of key response
components varies with age, the point of commencement and duration of the analysis
period also varies. For infants 0 — 2 years, the analysis period commences at 101 ms post-
stimulus onset with an end point at 550 ms; for 2 — 10 year olds, analysis commences

at 76 ms (end point at 450 ms); for ages > 10 years, analysis commences at 51 ms (end
point at 350 ms). With ten averaged responses per stimulus, Hotelling’s T2 is applied to
calculate the probability (p) that the mean value of any linear combination of the nine
variables is significantly different from zero. The resulting p-value is presented numeri-
cally and also graphically using a color-code that is consistent with the cumulative aver-
age display. This value is continually refreshed with every increment of ten in averaged
responses, until the stop-criteria for the test is reached.

Automated and machine scoring methods for detection of evoked responses is not new,
but it has not been routinely applied in the detection of cortical responses. The applica-
tion of Hotelling’s T2 in cortical response detection has been recently reported using both
adult- and infant-generated cortical responses (Golding et al., in review; Carter et al., in
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review). Its accuracy in detecting the presence of a cortical response when a stimulus
was present and its accuracy in reporting the absence of a response when a non-stimulus
trial was presented, was compared with that of human examiners. Results suggested that
Hotelling’s T2 was at least equal to, if not better at detecting cortical responses than the
average human expert.
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Practical Aspects of CAEP Testing with
Infants

The HEARLab system has been designed to make objective audiological assessment as easy
and efficient as possible. However, testing young children, regardless of the hardware and
software employed, presents practical challenges.

The application of CAEPs to a pediatric population may be relatively new to mainstream
clinical practice; however, the general techniques and strategies used in other areas of pedi-
atric audiology are still highly relevant. Experienced clinicians will be well aware of how
to best manage the test environment, and will have developed many of their own solutions
to overcoming the issues that inevitably arise when working with infants.

The clinical validation trials of the new HEARLab system involved repeated CAEP mea-
surements, conducted in a controlled and systematic way. This provided a valuable oppor-
tunity to investigate different approaches and test techniques, and to consider their rela-
tive merits, without the usual restrictions of a routine clinical assessment appointment, in
which a diagnostic outcome must be achieved within a limited time frame.

Some general suggestions, based on observations made during the study, are summarized
in this Appendix. It is hoped that this information may provide useful guidance, particular-
ly for clinicians with less experience in pediatric audiology, or those who are new to using
electrophysiological assessment techniques with young children.

Before the appointment

* Prior to the appointment, provide parents/care givers with information (written and
verbal) about the procedure. This will reduce the time spent in explanation at the
assessment.

*  When arranging the appointment, ask about the child’s routines. Try to book the test
at a time of day when the child is likely to be in a “good” mood, and less likely to be
overtired and irritable. Allow plenty of time so that the appointment is not rushed,
and it is possible to take breaks if needed.

*  Check whether the parent/care giver intends to bring sibling/s to the appointment. If
it is necessary for siblings to attend, make sure there will be suitable activities/super-
vision away from the test room. The parent should be free to focus their attention on
the child having the test.

* Ask the parent/care giver to bring food, drinks or dummies (“pacifiers”) for the child
to the appointment. Some favorite toys, that are suitable as quiet distracters, can also
be useful in making the child feel more secure in the test environment. DVDs that
the child enjoys can also provide familiarity and useful distraction.

* Suggest that the child be dressed for the assessment in layers of clothing that can be
easily removed. Electrode contact can be compromised if the child becomes over-
heated and “sweaty” and it may be necessary to remove clothing to cool them down.
It is better not to have to pull clothes over the child’s head once they are “wired up”.

Page 89



HEARLab ACA Operators’ Manual v1.0

Ask parents/care givers to call and postpone the appointment if their child is
unwell, particularly if the child has a temperature. A restless and irritable state is
not conducive to quality recordings.

Call the parent/care giver to confirm the appointment the day before, and take the
opportunity to check whether they have any questions or concerns they would like
to discuss.

Test environment

Make the test environment “child friendly.” For example, decorate the test booth
and surrounding areas using items such as mobiles, displays of soft toys (out of
the child’s reach), and fabric motifs. Avoid hard reflective objects that will cause
sound reflections. Minimize technical “clutter.” Keep wires out of view and labora-
tory supplies in drawers. Children, particularly if they have undergone medical
treatment or hospitalization in the past, may associate such items with unpleasant
procedures.

Keep the test area clean and tidy. A plastic backed ‘Draped’ sheet (available from
medical suppliers) is a useful surface for arranging preparation materials, and for
wrapping used electrodes, cotton tips, etc. afterwards for disposal.

Provide a chair that is as large enough for the child to sit comfortably, either on
their parent’s lap or beside them, during testing. Some children become irritable if
they feel overly restrained or restricted in their movements. Where possible, try to
let them settle into a position which they prefer. A recliner chair works well as it
can be used for adult testing as well.

Use washable covers on the chair (e.g., bath toweling) and change between assess-
ments to maintain hygiene. This makes “dribbles” and food spills easier to contain
and reduces parents inclination to perform immediate “clean ups,” which can dis-
rupt the testing. Have tissues or baby wipes at hand if needed.

Have a container on hand to collect items that require cleaning, according to infec-
tion control guidelines (e.g., toys that have been in the child’s mouth).

Some younger infants may be comfortable in a rocker “Fraser chair,” but don’t rock
the baby during recordings. “Bounces” can be evident in recordings and rocking
can make a child sleepy.

Fluorescent lighting can cause problems of electrical interference. Incandescent
lighting should be used in preference. As well as providing a technical advantage,
incandescent lamps can create a pleasant, relaxed ambience for children and par-
ents. Novelty lamps (e.g., artificial fish tanks, “lava” lamps) can provide the child
with visual distraction, as well as providing illumination.

It is important that the tester is able to monitor the test environment and the
baby’s state throughout the test. A strategically placed video camera can be
extremely helpful if the arrangement of the test booth makes it difficult to main-
tain a clear view. A video camera that works well in low light is recommended.
Where the tester is in a separate observation room, an audio monitor is essential
in monitoring the ambient noise level in the test environment to ensure consistent
stimulus delivery, and is also useful in communicating with the distracter.

Preparation for testing

Children generally have a short attention span, and their mood and state can
change quickly. Have all test equipment switched on, checked and calibrated
before the child arrives. Have the recording system software open and ready on the
impedance check screen to avoid unnecessary delays.
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If testing is with hearing aids on, change the batteries and check the devices on
arrival. Having another staff member do this while you are interviewing the parent
will minimize the delay in commencing testing.

Ensure that the parent understands what is involved in the test. The child is more
likely to be relaxed and cooperative during the assessment if their parent is confi-
dent and relaxed about what is happening.

Make the parent comfortable. Providing a hot drink or glass of water can help put
parents at ease. It is a good idea to have a safe place to put a drink beside a parent
so that it cannot be knocked onto the baby or electrical equipment.

Ensure the parent feels in control of the situation. Seek their advice about the
child’s preferences and the best strategies for preparing them for testing. Respect
their opinion and follow their suggestions.

Try to build some rapport with the child. A little physical interaction with the
child while you are interviewing the parent (e.g., patting or stroking their arm or
head) can be useful in gauging how they will react to the preparation for electrode
sites, and may possibly help the child accept it more readily.

Make sure the child’s physical needs (e.g., nappy/diaper changing) are attended to
before starting preparation for the electrode placement.

Have any items that might be needed (e.g., bottles, food, toys) close at hand in
order to minimize noise and disruption during testing. Check with parents to see if
bottles need warming or food needs preparation before you start.

Attempt otoscopy and tympanometry first if indicated, but don’t persevere if it
causes the child to become too active or distressed.

Ask parents to switch off mobile phones or pagers as these may cause distraction
to the child if they ring during testing, and they may also be a potential source of
electrical interference.

Preparation of electrode sites

Attaching the electrodes is potentially the most challenging part of the test proce-
dure. Approach the preparation confidently but not too forcefully. Smile, and talk
to the child reassuringly.

Start the preparation in a position where the child is comfortable and not overly
restrained. For example, try starting while an older infant is playing on the floor, or
at a child’s table and chair.

Try not to physically “stand over” the child while doing skin preparation. Working
from behind the child may be a good option. For your own health and safety, try
to maintain a posture that is ergonomic and doesn’t place strain on your back or
neck. Sitting on the floor beside baby while chatting with Mom or Dad and gently
rubbing the skin can be a very non-threatening way to get the skin prepared.
Electrode sites are generally prepared by abrading with a cotton applicator ‘bud’
and a medical gel intended for the purpose. Rub firmly and vigorously enough to
cause a slight redness on the skin surface, but not so hard that the child becomes
obviously distressed by the sensation. Rubbing gently, but firmly, back and forth
works better than “dabbing” at the skin. Rub on the back of Mom or Dad’s hand
first so they know what it feels like.

Work as quickly as possible and minimize the number of physical contacts with
the child. Don’t fuss or “overdo” it, but be mindful that it is better to prepare skin
thoroughly than to have to repeat the whole process.

If the child needs reassurance about the preparation, modeling the procedure (e.g.,
by rubbing the forehead of the parent or a doll with a cotton bud, and sticking on
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an electrode) can be helpful. Try letting an older child have a “turn” at putting an
electrode on a toy or on their parent.

Some children will be reassured by watching the preparation in a mirror, but this
may make others more apprehensive.

Television can be a good distraction during electrode placement. Use a range of
children’s DVDs with lots of color and movement. If the child becomes interested,
the DVD can be left playing (with the sound muted) when testing starts. This is the
time to use your noisy, fun toys, before the real testing begins! Make sure you put
these out of sight before you start.

Wherever possible have a trained distracter (in addition to the parent) to interact
with the child during electrode placement, as well as during testing. Toys that
involve some fine motor manipulation (e.g., block stacking, button pressing) can
help keep hands away from the electrode sites, and at this stage toys that make a
noise are suitable.

Cleaning skin with an isopropyl alcohol prep swab after abrading is sometimes
recommended, and may improve contact, but it can make the electrode stick very
firmly and make it difficult to remove. It can also feel “stingy” — try it on yourself
if you don’t believe this! Therefore, alcohol preparation with an alcohol wipe is not
needed and is not recommended for the delicate skin of infants.

Optimizing and maintaining electrode contact

Use a liberal amount of electrode paste under the vertex electrode even if a dispos-
able electrode (that already contains conductive gel) is used.

If using disposable electrodes, a spot of double sided tape (the type used for retain-
ing hearing aids) on the underside of the plastic tab of the electrode stud can give
a firmer hold, particularly for mastoid or forehead sites (i.e., where the skin is free
of hair).

A headband is very helpful in keeping the electrodes in place, particularly at the
vertex, but some children are less accepting of wearing a headband than others.

To make wearing a headband more appealing to the child, choose colorful, soft and
stretchy materials. Give older children a choice of colors or designs (e.g., have a
selection of different motifs sewn on a selection of headbands). Having a choice of
“girls” or ”’boys™ styles can be important to the child, and sometimes also to the
parent. Use fabrics that are easy to wash and dry after use.

Dividing the top of the headband before use (by cutting a slit a few inches long
across its center) allows a section of fabric to be stretched forward to hold the fore-
head electrode in place.

Passing the leads under the headband can help reduce pulling and strain on the
electrode site during the test.

Elastic bandage, particularly of material that allows the ends to adhere without
pins or tape (e.g., “peg” bandage), can be a reasonable alternative, but tends to be
more “fiddly” to put on than a headband. If an inexpensive type is chosen, it can
also be disposed of after use, which can be an advantage.

Micropore tape (either on its own or with a headband) is appropriate for keeping
re-usable type electrodes attached.

Once the electrodes are attached, try to drape the leads behind the child, avoiding
contact with the child’s face or neck. If the child can feel them, they will be more
inclined to pull at them. Try to keep the leads away from clothing (e.g., don’t let
them become tangled in bibs or collars).
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Loosely taping the leads to the back of the child’s clothing (using micropore tape)
may be helpful, but ensure they are not taped so tightly that the electrode leads are
pulled off the head if the child suddenly leans forward.

Make sure if the parent is holding the child that the electrode leads are not
cramped or pulled under the parent’s arm. Try directing the leads up and over the
parent’s shoulder

Avoid the child leaning back onto the electrode leads, or making sudden large
movements, such as lunging forward. Strategic use of distraction toys can help in
this respect.

If the child starts to touch the leads or electrodes, don’t over-react (e.g., grab sud-
denly at the child’s hands). In preference, try to distract the child by offering them
an alternative item to play with.

Once the electrodes are in place, avoid touching them unless really necessary (i.e.,
they are obviously slipping/becoming unstuck). Drawing the child’s attention to
them will often result in renewed efforts to remove them.

Don’t let the child overheat. This can result in electrodes lifting and the reject rate
increasing. If the child gets very restless, it can be better to suspend testing than
let it proceed until they are “hot and bothered”.

Distraction techniques

The distracter is best seated in a comfortable position at, or below, the child’s eye
level. Care must be taken to maintain an appropriate position in relation to the
speaker if the stimulus is presented free-field.

Have a wide selection of age appropriate toys that are not too noisy. Keep toys and
other distraction aids in easy reach, to minimize noise and disruption as the test
proceeds. Choose toys that can be cleaned according to infection control proce-
dures. Toys that can’'t be cleaned (e.g., soft toys) should be kept out of the child’s
reach.

For very young infants, the main aim of distraction is to keep them alert and awake
(they do not have the motor skills to pull at the leads or electrodes). Mobiles, hand
and finger puppets are all useful items. Visual novelties (e.g., toys with lights and
motion) can be excellent. Some mechanized toys are too noisy to use while the
testing is in progress but can be good to use during breaks in order to regain a
child’s interest and increase alertness.

Toys that are used for VROA distraction are generally suitable for children in the
7- 24 month age group. Examples include; stacking plastic rings or cups, farm ani-
mals, large counting and threading beads, puzzles, colorful teething rings and so
on. Items that keep hands occupied are ideal for children old enough to manage
them.

For younger children or those who are not developmentally ready to “play” with
items, toys with texture (e.g., spiky plastic balls, plastic animals, etc.) can be inter-
esting for the child to touch or mouth (make sure you put them in the “washing”
container after use).

Action toys (e.g., water-wheels, small spinning tops, “pecking” birds, “’wobbly”
animals, clear plastic balls that contain moving toys) can be useful as long as they
are not too noisy. If children are allowed to hold the items, they should not contain
small parts that may be a choking hazard, and they must be easy to clean. Watch
that water-filled toys don’t leak.

Page 93



HEARLab ACA Operators’ Manual v1.0

For older infants (around 24 months and over) try coloring books with big colorful
crayons, play-dough (if past eating it, or well supervised), paper with stickers or
self-inking stamps.

Books can be good for children of all ages. Heavy cardboard books of various
shapes, or with flaps/pop-up features, can provide “hands on” activity. Books made
of plastic (i.e., intended for bath time) can be ideal for very young children as they
are easy to clean if mouthed.

Almost every child enjoys watching bubbles being blown. The small bottles

used for parties are inexpensive and easy to use. Avoid “sticky” bubbles that are
designed not to burst. They tend to leave messy residue in the test environment.
Eating and drinking are excellent distracters. Good choices include baby bottles or
infant sipping cups, and soft foods such as banana, custard, fruit gel, or sultanas.
Avoid hard foods (e.g., crunchy crackers) or large pieces of food of that require a
lot of chewing, as the resulting noise and jaw movements can affect recordings.
Breast-feeding is good for calming infants, but often can induce sleep. If the baby
must feed during the assessment, watch very carefully and rouse the child gently
if they begin to doze off, or their eyes start to appear “unfocussed.” Be prepared to
pause testing if the child’s state becomes inappropriate. Sometimes a short break to
have a feed can give the baby a boost to keep them going for a bit more testing.
Avoid distraction activities that are too stimulating or that encourage increased
vocalization, for example, physically vigorous play, or games/gestures that encour-
age the child to answer questions or name objects. Parents may sometimes need
some guidance about activities that are inappropriate in this respect.

If the child is content and quiet it can be best for the distracter to sit quietly or
withdraw and leave them to their own devices. If the child is unsettled, sometimes
it can help for the distracter to get right out of their view and let the parent try to
calm the child before proceeding.

Try to end the test on a “happy note” rather than persisting until the child (and
potentially the parent) is distressed. This is especially important if the child will
have to attend on another occasion.
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Ambient Noise Conditions—HEARLab

ACA

Cortical Tone Evaluation (CTE)

To obtain a reliable measure of hearing ability, the ambient acoustic noise levels need

to be sufficiently low relative to the levels of acoustic stimuli employed in tests. While
electrophysiological test methods are not included in the relevant international standard,
ISO 8253-1, the requirements it lays down on maximum permissible ambient sound pres-
sure levels is recommended for CTE when either insert earphones or a bone conductor is
employed.

Aided Cortical Assessment (ACA)

ACA employs three speech sounds /m/, /g/ and /t/ as acoustic stimuli. These stimuli have
dominant energy in the low, middle and high frequency bands respectively.
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With the ACA procedure, the speech sounds are presented at default supra-threshold
level of 65 dB SPL. It is recommended that the 1/3 octave ambient noise levels be below
35 dB SPL.
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HEARLab ACA tools

HEARLab ACA includes a tool for automated measurement of ambient noise. The results
are displayed in 1/3 octave band levels. For CTE applications, the software can also dis-
play the ambient noise limits for either a bone conductor or insert earphone against dB
HL. See Section 5.3.3 in this manual.
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Sources of Interference—HEARLab

HEARLab used in evoked potential recording involves detection and analysis of signals
of a few microvolts or lower in the frequency range of near DC to 5 kHz. The following
notes are intended to assist in reducing electrical interference that may affect recordings.

Magnetic field related to power supply: Reduce pick-up from transformers and
inductor motors by minimizing areas enclosed by the connector cables. Loosely
“braiding” the electrode connector cables together is often practical.

Electrostatic field related to power supply: Unshielded fluorescent tubes and
lamps and cables carrying power are sources of interference. This can be reduced
with distance and shielding

Magnetic induction loops: Some facilities are equipped with induction loops to
transmit audio signals to hearing aids. They may need to be switched off if the
interference is serious.

HF interference: Interference from radios, mobile phones, local communication
systems and TV broadcasting, if serious, may require shielding. Similarly, medical
equipment in proximity, such as short wave diathermy, can be the source of inter-
ference.

Static and movement: Movement of electrode cables within a static field can
induce interference.
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Distraction Techniques for Testing
Adults

To keep adult subjects relaxed and alert during the assessment, playing a silent movie
is recommended. Some DVD players make too much noise, therefore it is important to
choose one that is quiet. Locate the display, such as an LCD TV, more or less is in line
with the loudspeaker so that the subject will be facing the test loudspeaker.

For some subjects, reading may also be a good alternative to watching a silent movie.
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Quick Start Guide to HEARLab ACA
Software

Before opening the HEARLab ACA software application, ensure the following:

1. The device components are correctly connected
2. The device is turned on
3. Allow time after device switch-on before opening the application

After opening the application, take care to:

1. Not disconnect the Stimulus Controller from the Personal Computer
2. Not disconnect the Electrode Processor from the Stimulus Controller
3. Not switch off the device before closing the application

To ensure accuracy of stimuli presentation:

1. Ensure all transducer calibrations are up to date
2. Perform a quick stimuli presentation level check before the client arrives
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Proper Insertion of Insert Earphones

The following instructions are from the instruction manual for E-A-RTONE 3A Insert
Earphones

Preliminary Procedures for Use of the E-A-RTONE’ 3A

Initially examine the ear canal for obstruction(s) and evaluate the proper size E-A-RLINK®
disposable foam eartip needed to fit the particular ear canal. Although the standard E-A-
RLINK® 3A fits most ear canals, for smaller ear canals, the smaller diameter E-A-RLINK®
3B eartips are available. It is important to obtain a good seal and achieve the proper inser-
tion depth. Insertion procedures are the same for the E-A-RLINK® 3A and E-A-RLINK®
3B, but deep insertion may be difficult to achieve in extremely small ear canals. In these
instances, a shallow placement will have to suffice.

* Secure the section of black tubing, which protrudes from the E-A-RLINK® eartips to
the sound tube nipple located at the end of the E-A-RTONE® sound tube.

* Slowly roll the E-A-RLINK® tip into the smallest diameter possible and insert the
E-A-RLINK® well into the ear canal (see illustrations). Since the eartips are 12 mm
long, the correct insertion depth into the ear canal is obtained when the rear edge of
the E-ARLINK ® is 2-3mm inside the entrance of the ear canal.

* Hold E-A-RLINK® in ear canal until expanded.

e After the test is completed, remove the E-A-RLINK® eartips and replace with a new
pair for the next subject.

Sound tube
nipple  Black
tubing
~

>~ Sound tube |

Foam eartip
“u

E-A-RLINK®

Full Insertion Shallow Insertion
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Proper insertion depth is necessary to achieve maximum ambient noise attenuation
and interaural attenuation. The graph below depicts interaural attenuation as a func-
tion of insertion depth. The described interaural attenuation is obtained for each ear
in which the E-A-RLINK® is fully inserted, regardless of whether it is the “sending”
ear or “receiving” ear.
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Troubleshooting

Hearlab ACA/CTE Troubleshooting
If you are not getting good results with HEARLab ACA/CTE:

Check the electrode contact using the Impedance button in the Assessment toolbar.
For best testing results, the Impedance should be below 5.

Make sure the patient is not drowsy. When performing HEARLab ACA or CTE tests,
the patient should be alert but quiet.

Make sure the patient is not restless or overheated. Patient movement will cause
noisy measurements, and sweat can affect the electrode contact.

For ACA measurements, check that the sound field has been calibrated. It's a good
idea to calibrate the sound field once a day. For best accuracy, the sound field
should be calibrated for each patient.

Make sure the transducers (such as insert earphones, bone vibrators, or sound field
speaker) have not been changed without the HEARLab System being recalibrated.
Sometimes in a busy office, a clinician might “borrow” transducers from another
piece of equipment and later mistakenly replace them with different transducers.
But calibrations are transducer specific (even if it is the same model and brand) and
the calibration will be invalid if changed, and this will affect test results.
Environmental noise. ACA and CTE measurements are audiometric measurements
that need to be performed at least 10 dB over the environmental noise of the room.
Make sure the patient is in a quiet environment for testing.

Excessive electromagnetic noise in the test environment. Cortical test results can be
affected by electromagnetic noise, such as from an older-style CRT monitor, power
conduits, or even overhead lights. If you are getting consistently bad measurements
and have tried all of the previous steps, try moving HEARLab to a different location
and see if you get better results.

HEARLab Preparation Checklist

Calibrate the sound field speaker. See Chapter 4 in the Operator’s Manual for
instructions. This should be performed at least daily.

Prepare the scalp of the patient carefully with the electrode prep gel and cotton
swabs. This is necessary to get a good electrode contact.

Check the impedance (this window will appear automatically when you start a new
test). For faster and better test results, it is worth taking a few extra minutes to get a
better initial electrode contact. Normally this should be 3-4 for the Ref and Cz.

If testing adults, have a silent DVD ready for viewing. This will help keep the
patient alert during testing.

If testing children, have silent toys ready and be prepared to entertain the patient
during testing. Frye has an optional “Kid pack” of silent toys that can be purchased
for this purpose.
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Glossary

A

ACA

Aided Cortical Assessment

Acronym for Aided Cortical Assessment. See Aided Cortical
Assessment

One of the two hearing assessment protocols included in the
HEARLab ACA software. The protocol involves presenting
speech tokens /m/, /t/ and /g/ at conversational levels and
measuring the cortical auditory-evoked responses to such
stimuli. A present cortical response represents that the
stimulus can be detected by the listener at the cortical level.

Assessment A test defined by the hearing assessment protocol, test ear,
and the stimuli presentation pathway. Each assessment is
comprised of one or more runs. See Run

C

CAEP Acronym for cortical auditory-evoked potentials. See Cortical

Cortical Auditory Evoked Potentials

Cortical Threshold Estimate

CTE

Cumulative Average

D

Auditory-Evoked Potentials

Brain responses to auditory stimuli measured at the cortical
level (scalp).

One of the two hearing assessment protocols included in the
HEARLab ACA software. The protocol involves presenting
pure tone burst stimuli at various hearing levels to assess the
audibility to highly-frequency specific tones.

Acronym for cortical threshold estimate. See Cortical
Threshold Estimate

Non-weighted average of all accepted cortical responses to a
stimulus up to the current accepted response.

Detection P

Distracter

The p-value that represents the probability that the response
to a stimulus is significantly different to random noise. A
detection p-value < 0.05 represents a significant response,
i.e. the stimulus can be detected. See p-Value

A person or device or object that is used to keep the patient
who is undergoing cortical tests quiet, engaged and awake.
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E
EEG Acronym for electroencephalogram. See Electroencephalogram.
EP Acronym for electrode processor. See Electrode Processor.

Electrode Processor

The hardware unit to which electrodes are connected.

Epoch A single presentation of a cortical test signal.

P

p-Value A probability value used in statistical analysis for indication
of statistical significance. In HEARLab, a very low p-value
is an indication that the probability is high of there being a
relationship between the signals presented during the epochs
and the averaged data presented on the analysis screen.

R

Residual Noise Level

Run

A calculated value that indicates the quality of the cortical
response recording in relation to the noise level of the signal. A
residual noise level value < 0.32 (represented by a green color)
indicates a good quality recording; a value< 0.36 (represented
by a yellow color) indicates a mediocre quality recording; and
a value > 0.36 (represented by a red color) indicates a poor
quality recording. Noise in the recorded responses can affect
the reliability of the statistical analysis results, thus the higher
the residual noise level, the less reliable the resulting statistical
analysis.

A single test within an assessment, defined by the stimuli
presented and the level at which the stimuli are presented.
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