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Dear Friends of Hal:
Welcome to the XXIII meeting of the International Evoked Response Audiometry Study Group
(IERASG)! We are meeting in New Orleans, Louisiana, USA, a city known for its hospitality,
its food, its music, and its unique culture. The people of New Orleans welcome you. From June
9-13, 2013, you will experience a scientific and social event you will not soon forget.
The IERASG was founded by Professor Hallowell Davis in 1968, and brings together an
international gathering of leaders in audiology, electrophysiology, and hearing science.
Scientists and clinicians at this meeting are from 19 countries-- Australia, Belgium, Brazil,
Canada, Denmark, Germany, Iran, Italy, Japan, Korea, Netherlands, New Zealand, Norway,
Poland, Russia, Slovenia, Spain, United Kingdom, and United States. One of the hallmarks of
this meeting is the opportunity for high-level discussion with experts in the field. The social
program is an integral part of the meeting, offering an informal way for members to meet other
members of the organization in order to foster collaborations and friendships across national
boundaries.
The scientific program of IERASG is inclusive of all topics related to the theory and practice of
electrophysiologic (auditory and vestibular evoked potentials) and electroacoustic (otoacoustic
emissions, acoustic admittance/ reflectance) methods of auditory and vestibular system
assessment. The current meeting covers all of these topics in 54 oral and 25 poster presentations.
The invited speakers are Professor James Jerger, who will deliver the Hallowell Davis address,
and Professor Helen Neville, who will deliver the Keynote address. All of the presenters
together offer an exceptional scientific program. All of the participants together contribute a rich
and varied environment for formal and informal discussions. Thank you all.
So, on behalf of the Organizing and Scientific Program Committee for IERASG NOLA 2013, we
welcome you. If we can do anything to make your experience more valuable, please let us know.
Sincerely,

University of Wisconsin-Madison

Barbara Cone, Ph.D.
University of Arizona

Robert Burkard, Ph.D.
University at Buffalo

So Eun Park, M.S.
University of Wisconsin-Madison

Laissez les bons temps rouler at IERASG NOLA 2013!

IERASG NOLA 2013 Program Sessions
-June 10(09:00 – 10:00) Hallowell Davis Lecture
Listening to Words: Auditory Event-Related Potentials Reveal Cognitive Complexity; Implications for
Speech Audiometry
----- Jerger, James

(10:30 – 12:15) Oral Session I: Technical Issues

Improving Automatic Detection of Auditory Steady State Responses by an Enhanced Test Strategy
----- Cebulla, M., Stürzebecher, E.
The effects of artefact rejection and Bayesian averaging on ABR efficiency
----- Lightfoot, G., Stevens, J.
Automatic Quality Assessment and Response Detection of Auditory Evoked Potentials based on Response
Tracking
----- Valderrama, J. T., Morales, J. M., Alvarez, I., de la Torre, A., Segura, J. C., Sainz, M., Vargas, J. L.
Validation of objective measures of response quality and residual noise in two ABR systems
----- Lightfoot, G., Stevens, J., Ferm, I., Brennan, S.
Chirp evoked ASSR on a handheld device
----- Rosner, T., Lodwig, A.
Automated independent component analysis for the detection of evoked potentials from multichannel
recordings
----- Mirahmadizoghi, S., Bell, S., Simpson, D.
Time Domain Objective Analysis of Speech Evoked ABR
----- Novis, K., Bell, S.

(13:45 – 15:00) Oral Session II: Standards & OAEs

Short duration signals and standardization
----- Laukli, E.
American National Standards Institute (ANSI): Are we getting close to a standard for short duration
signals?
----- Burkard, R.
Frequency Modulated DPOAE
----- Lodwig, A.
Chirp-evoked otoacoustic emissions
----- Jedrzejczak, W. W., Kochanek, K., Sliwa, L., Piotrowska, A., Pilka, E., Skarzynski, H.
Low-Frequency Otoacoustic Emissions Evoked by 0.5 kHz Tone Bursts
----- Jedrzejczak, W. W., Piotrowska, A., Kochanek, K., Sliwa, L., Skarzynski, P.H., Skarzynski, H.

(15:30 – 16:30) POSTER Session I

OAEs
A New Method for Analysis and Visualization of the Transient Evoked Otoacoustic Emissions Fine
Temporal Structure
----- Belov, O.A., Alexeeva, N.N., and Tavartkiladze, G.A.
Influence of Temporal and Spectral Characteristics of Elicitors on the Human Medial Olivocochlear Reflex
----- Boothalingam, S., Purcell, D., Scollie, S.
Evaluation of repeatability of transiently-evoked otoacoustic emissions (TEOAE) in young subjects
----- Kochanek, K., Puchacz, K., Jędrzejczak, W.W., Hatzopoulos, S., Piłka, A., Śliwa, L.
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ABR
Auditory Brainstem Responses in Infants who Failed the Universal Newborn Hearing Screening
----- Leandro, S.F., Burle, N.L.O., Resende, L.M., Mancini, P.C.
On Early Maturation of the ABR: Is Common Wisdom There to Truly Lawful?
----- Mancini, P.C., Martinelli M.C., Durrant J.D.
Fast Automated Detection of Auditory Brainstem Responses Using a Sequentially Applied Magnitude
Squared Coherence Test
----- Light, M., Bell, S., Simpson, D.
Do frequency specific chirps offer a quicker ABR assessment in newborns compared to tone pips?
----- Ferm, I., Lightfoot, G., Stevens, J.
Low Frequency Bone Conduction ABR Stimulus Level Corrections in Babies.
----- Ferm, I., Lightfoot, G., Stevens, J.
Comparison of Auditory Brainstem Responses (ABR) Using Narrow Band Chirp and Tone Burst Stimuli in
Patients with Hearing Loss
----- Lee, M.Y., Jang, J.H., Kim, J.R., Lee, J.H.
Influence of normative data on results of examinations by Stacked-ABR method
----- Śliwa, L., Kochanek, K., Piłka, A., Gołębiewski, M., Hatliński, G., Skarżyński, H.
Evaluation of auditory fatigue using audiometric, ABR and fMRI methods
----- Skarżyński, P.H., Kochanek, K., Śliwa L., Piłka A., Wolak, T., Jędrzejczak, W.W., Rusiniak, M., Skarżyński, H.
Dose-dependent D-methionine Administration Significantly Reduces Permanent Impulse Noise-Induced
Hearing Loss (NIHL) in Chinchillas
----- Campbell, K., Meech, R., Fox, D., Hargrove, T., Verhulst, S.

(16:30 – 17:45) Oral Session III: Sponsors-Innovations

Intelligent Hearing Systems: SmartEP - Advanced AEP Research Tools
----- Bordo, J.C.
Interacoustics: Wideband Tympanometry - Wideband Reflectance
----- Kristensen, B.
Otodynamics Audiology Systems: Current Advances in Clinical OAE technology and Use
----- VanMiddlesworth, L.
Otometrics: Hearing and Balance instruements
----- Craig, J.
Vivosonic: Kalman Weighted Filtering
----- Steinman, A.

-June 11(08:30 – 09:30) Keynote Address
----- Neville, Helen

(10:00 – 12:00) Oral Session IV: Signal Processing in AEPs

Multiple Input Auditory Evoked Potentials: Response Averaging and Deconvolution Methods
----- Ozdamar. O., Bohorquez, J.
Deconvolution of Overlapping Responses and Frequency Domain-based Artifact Rejection Methods Using
Randomized Stimulation
----- Valderrama, J. T., de la Torre, A., Alvarez, I., Segura, J. C., Sainz, M., Vargas, J. L.
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Randomized Multi-Stimulus Averaging Deconvolution (RMAD) of Auditory Evoked Potentials
----- Bohorquez, J., Ozdamar, O.
Auditory Middle Latency Responses recorded at High Stimulation Rates using Randomized Stimulation and
Averaging
----- Valderrama, J.T., de la Torre, A., Alvarez, I., Segura, J.C., Thornton A.R.D., Sainz, M., Vargas, J.L.
Asynchronized Multi-Stimulus Averaging Deconvolution (AMAD) of Auditory Evoked Potentials
----- Ozdamar, O., Bohorquez, J.
Deconvolution of magnetic Acoustic change Complex (mACC) to rapid vowel-vowel transition in normal
hearing adults
----- Bardy, F., Yau, S.H., Johnson, B., Van Dun, B., McMahon, C., Dillon, H.
Multiple Input Auditory Evoked Potentials: Masking and Adaptation Effects
----- Burkard, R.

-June 12(08:30 – 10:15) Oral Session V: FFR & ASSR

Brainstem Frequency–Following Responses: Brainstem Correlates of Spatial Processing
----- Rouhbakhsh, N., Van Dun, B., Dillon, H., Buchholz, J., Krishnan, A.
Lateralization of Low-rate ASSR in Young Children
----- Vanvooren, S., Poelmans, H., Hofmann, M., Ghesquière, P., Wouters, J.
Lateralization of Auditory Steady-State Responses to Speech Envelope Modulations
----- De Vos, A., Luke, R., Poelmans, H., Hofmann, M., Vanderauwera, J., Vandermosten, M.,
Ghesquière, P., Wouters, J.
Auditory Steady-State Responses at 10-, 20- and 40-Hz in Infants
----- Cone, B.
Amplitude Interactions of Chinchilla ASSR to Paired Stimuli that Vary in Relative Stimulus Level
----- Burkard, R., McNerney, K.
Can ipsilateral/contralateral asymmetries in infant bone-conduction auditory steady-state responses be
used to isolate the test ear?
----- Small, S.A., Love, A.
Binaural Interaction Component of Click ABR and 80-Hz ASSR in Normal-Hearing Adults
----- Kaf, W., Rafael, K., Ross, A., Danesh, A.

(10:45 – 12:30) Oral Session VI: Long Latency Responses

Distribution of the Mismatch Negativity in Vowel Formant Processing
----- McPherson, D., Perry, E.
Acoustic signal-to-noise ratio dominates auditory long latency responses
----- Billings, C.
Cortical Encoding of Speech Acoustics in Quiet and in Noise
----- Mathew, A.K., Purdy, S.C., Welch, D.
Late Cortical Response to High Context and Low Context Speech
----- Gould, H.J., Vieth, A., Pousson, M.
Separation of Ear’-Activity in the Auditory Cortex: A Possible New Method to Investigate Central Auditory
Processing
----- Bardy, F., Van Dun, B., Johnson, B., McMahon, C., Dillon, H.
Acoustic Change Complex to Amplitude Modulation in Continuous White Noise
----- Han, J., Dimitrijevic, A.
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Eight Categories of Clinical Applications using Cortical Auditory Evoked Potentials Originating from the
Australian Hearing Network
----- Van Dun, B., Carter, L., Berry, K.G., Raley, S., Gillies, K., King, A., Dillon, H.

(13:50 – 15:50) Oral Session VII: AEPs across the Lifespan

A Comparison of Click and Rising-Frequency Chirp ABR Stimuli in Infants
----- Velenovsky, D.S.
Behavioural and Electrophysiological Detection of Speech Sounds in Noise by Normal-Hearing Infants
Using Visual Reinforcement Orientation Audiometry and Cortical Auditory Evoked Potentials
----- Van Dun, B., Stafford, R., Raley, S.
Speech Stress Pattern Effects on Cortical Auditory Evoked Potentials In Adults and Children, and in
Children with Autism Spectrum Disorder
----- Gharahdaghi, N., Purdy, S.C., Sharma, M., Barlow, N., Leung, J., Addis, D.R.
ASSR Exploration of Amplitude Depth Modulation in Young and Elderly Humans
----- Dimitrijevic, A., Alsamri, J., John, S., Purcell, D., George, S., Zeng, F.
The Effects of High-Pass Filtered Noise Masking on Auditory Middle Latency Response: Effects of AgeRelated Hearing Loss
----- Park, S., Fowler, C.G.
Temporal Processing in Three Age Cohorts with Normal Hearing Sensitivity
----- Goossens, T., Vercammen, C., Wouters J., van Wieringen, A.
Frequency specific threshold estimation in children with band-limited chirps
----- Walger, M., Foerst, A., Lang-Roth, R., Bohnert, A., Plotz, K., Schmidt, C., Wiesner, T., Baljić, I.
Physiological evidence for rapid plasticity in the human auditory brainstem
----- Maslin, M.R.D., Lloyd, S.K., Rutherford, S., Moore, D., Munro, K.

(16:15 – 17:15) POSTER Session II

ASSR
Narrow Band CE-Chirp-ABR, Tone Burst-ABR and Chirp-ASSR for Preterm and Term Normal Hearing
Neonates
----- Ribeiro, F.M., Chapchap, M.J.
Investigation of Auditory Encoding and the Use of Auditory Feedback During Speech Production
----- Beamish, L., Purcell, D.
Envelope Following Responses (EFRs) Using Modified Speech Stimuli for Hearing Aid Validation
----- Easwar, V., Purcell, D., Aiken, S., Choi, J.M., Scollie, S.
Using Auditory Steady State Responses to Characterize CI Channel Performance
----- Hofmann, M., Van Deun, L., Luke, R., Wieringen, A., Wouters, J.
CAEP
More is More, But is More Always Better?
----- Fitzharris, K., Jerger, J.
Recognition- and Imitation-mediated Response Demands in Dichotic Listening: An ERP Study
----- Gibson, K., Martin, J.S., Workings, R., Fitzharris, K.L., Cevette, M.J. , Pradhan, G.N.
Can cortical auditory evoked potentials indicate access to speech sounds when wearing hearing aids with
different processing strategies?
----- Ireland, K., Bell, S.
Does caffeine enhance the N1-P2 cortical response?
----- Lightfoot, G., Kennedy, V., Taktak, A., Eleuteri, A., Robinson, R.
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Rapid Electrophysiological Assessment in Infants: Analysis of Paired-Stimuli Sequences Using Deconvolved
Overlapping Cortical Auditory Evoked Responses
----- Bardy, F., Turner L., Van Dun, B., McMahon, C., Dillon, H.
The Effect of Hearing Aid Amplification on Cortical Auditory Evoked Potentials in Hearing-Impaired and
Normal-Hearing Adults
----- Van Dun, B., Kania, A., Dillon, H.
Objective measure of spatial cues using cortical auditory evoked potentials (CAEPs)
----- Fratturo, L., Peter, V., Sharma, M.
Event-related potentials evoked by behaviorally perceptible speech contrasts straddling category boundary
----- Lee, J.Y., Harkrider, A.W.

-June 13(08:30 – 10:30) Oral Session VIII: Electrical Responses and CI

Electrically Evoked Auditory Brainstem Potentials
----- Butinar, D., Gros, A., Battelino, S., Vatovec, J.
Neural generators of electrically evoked auditory steady-state responses
----- Luke, R., Hofmann, M., Van Deun, L., Wieringen, A., Wouters, J.
Acoustic Change Complex in Cochlear Implant Subjects: Amplitude Modulation and Frequency Change.
----- Dimitrijevic, A., Han, J., Yoon, Y., Scott, M., Houston, L., Grienwald, J., Samy, R., Fan-Gang-Zeng
The effect of short term training on processing of speech prosody in adults with cochlear implants: cortical
auditory evoked potentials study: A pilot study
----- Sharma, M., Purdy, S.C., Barlow, N., Narne, V., Giles, E.
Auditory Evoked Potentials with Cochlear Codacs Implants
----- Hofmann, M., Verhaert, N., Wouters, J.
‘Cli-NIC’: A Clinical Tool for EP Recordings in Cochlear Implant Subjects
----- Beynon, A.J., Luijten, B.M.
Electrocochleography (ECoG) findings in cochlear implanted children with Auditory
Synaptopathy/Neuropathy (AS/AN)
----- Walger M., Foerst A., Streicher B., Lang-Roth R., Beutner D., Stuermer K.J.
Clinical application of postoperative electrophysiologic tests for cochlear implant uses
----- Kim, L.S., Jeong, S.W., Kang, M.Y., Boo, S.H.

(10:50 – 11:50) Oral Session IX: Vestibular Responses

Ocular VEMPs elicited by a novel bone conduction device
----- Bogle, J, Zapala, Z, Walker, K, Lundy, L.
Vestibular Electrical Compound Action Potentials Following Chemical Labyrinthectomy
----- Shepherd, S., Nowak, A., Ling, L., Nie, K., Phillips, C., Kaneko, C.R., Rubinstein, J., Phillips, J.O.
Measuring Frequency Dynamics of Cervical Vestibular Myogenic Potential can Help Diagnose Meniere’s
Disease
----- Seo, T.
Vestibular Evoked Myogenic Potentials in Motion Sickness
----- Fowler, C.G., Sweet, A., Steffel, E.
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Deconvolution of Magnetic Acoustic Change Complex (mACC) to Rapid
Vowel-Vowel Transition in Normal Hearing Adults
Bardy, F., Yau, S.H., Johnson, B., Van Dun, B., McMahon, C., and Dillon, H.
National Acoustic Laboratories, Sydney, Australia
Naturally spoken speech contains rapid temporal and spectral changes. The overall aim of the project
is to find a robust neural biomarker of auditory discrimination for rapidly changing auditory stimuli.
In this study, we investigate the magnetic acoustic change complex (mACC), an obligatory auditory
cortical response to vowel-vowel transitions. These transitions consist of a pitch change for a semisynthetic /i/ vowel (F0 transition) and a second formant transition perceived as a change from /u/ to /i/.
The mACC responses to these transitions were recorded using two different stimulus onset
asynchronies (SOA). The long SOA of 1500 ms was compared to a short SOA, jittered between 100
and 172 ms. Using MEG, brain activity was recorded in 17 normal hearing adults. In the short SOA
condition, the time length of an mACC response is longer than the time between stimulus onsets. This
results in multiple overlapping mACCs. Using a newly developed deconvolution technique, the aim is to
disentangle the overlapped responses and compare these responses to the mACC in the long SOA
condition.
For the short SOA condition, the results show that it is feasible to disentangle three sorts of overlapping
cortical responses. The three different overlaps consist of: (1) overlap of onset response with an
mACC, (2) overlap of two mACCs and finally (3) overlap of an mACC with an offset response. The
differences of response morphology for short and long transition were revealed by statistical analysis
conducted on the global field power (GFP) of selected sensors located in the right and left temporal
lobe. In general, the amplitude of the auditory response elicited with long SOA is significantly larger
(p<0.05) compared with short SOAs. Moreover, an interesting finding for both the amplitudes and
latencies was the significant interaction between SOA and hemisphere (p<0.05) as well as between
SOA and transition type (p<0.05).
To date, no study has used a deconvolution technique to investigate ACCs evoked by rapidly presented
acoustic changes. Discovering new neural biomarkers of rapid speech discrimination is of great interest
in auditory processing research.

10

2013 IERASG, New Orleans

‘Separation of Ear’-Activity in the Auditory Cortex: A Possible New Method to
Investigate Central Auditory Processing
Bardy, F., Van Dun, B., Johnson, B., McMahon, C., and Dillon, H.
National Acoustic Laboratories, Sydney, Australia
Recent research has demonstrated the feasibility of disentangling overlapping auditory cortical
responses recorded using electroencephalography (EEG) or magnetoencephalography (MEG), using
the newly developed least squares (LS) deconvolution technique.
The magnetic response evoked by closely spaced complex-tone pairs was recorded. The stimuli were
presented either diotically (stimuli to the right and left presented together), or alternating in each ear
(the first tone of the pair to the right ear followed by the second tone to the left ear, and vice versa).
The inter-pair interval (IPI) representing the time interval between the onset of two successive pairs of
stimuli was jittered around 1400 ms. The stimulus onset asynchrony, (SOA) representing the time
difference between the onset of the two stimuli of one pair, was jittered around 120, 190 or 260 ms.
With this method of presentation it is then possible to separate the activity in the cortex elicited by the
stimulus to the right and left ears respectively from the overlapped cortical response.
Using this new paradigm, data was recorded for 4 adults as a pilot study. For each participant, the
deconvolved responses could provide objective auditory processing information about: 1) the
hemisphere lateralization; 2) the predominant hearing pathway used up to the auditory cortex (ipsi
versus contra-lateral path); 3) ear advantage; 4) inhibition mechanisms and 5) the ability of the person
to process acoustic stimuli presented rapidly.
Auditory cortices receive projection from each ear which is predominantly contralateral, but also
ipsilateral. The aforementioned paradigm allows for assessment of the strength of the inter-hemispheric
transfer. Reduced response amplitude to the diotic pair compared to that for the alternating ear
presentation would indicate pathway inhibition effects.
These potential findings on hemisphere, ear and auditory pathway interactions could have important
applications in human auditory neuroscience. Comparing evoked waveforms stimulated from left and
right ears could provide useful information for detecting abnormalities in activation patterns within the
auditory cortex. This could offer a new method of understanding the complex interactions (both
integration and inhibition) that occur between the stimuli presented to individual ears.
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‘Cli-NIC’: A Clinical Tool for EP Recordings in Cochlear Implant Subjects
Beynon, A.J., and Luijten, B.M.
Vestibular & Auditory EP Lab - Radboud UMC,
Donders Institute for Brain, Cognition and Behaviour - Centre for Neuroscience
Nijmegen, Netherlands
Standard clinical EEG devices provide user-friendly interfaces to set up acoustical stimuli (e.g. clicks,
tone pips, chirps) for the recordings of auditory evoked potential in humans and/or animals. Stimulation
and recording parameters are adjusted relatively easy, because every EEG systems practically use
similar settings and parameter nomenclature.
However, when researchers would like to obtain auditory electrically-evoked potentials, e.g. in cochlear
implant (CI) subjects or in animal studies, conventional EEG systems do not provide adequate tools to
manipulate these specific electrical parameters. Even clinical software provided by CI manufacturers
appears to be inappropriate for EP recordings.
The aim of this study was to develop a clinical tool for electrical stimulation that is specifically
customized to manipulate electrical parameters that enables a variety of stimulation designs to obtain
eMLRs, eSVPs, eACCs, eP300s or other EP recordings in CI subjects.
For this purpose, a new hard- and software setup has been developed that makes use of the NIC
research platform (Cochlear Corp) to directly stimulate or stream biphasic and/or speech data to
intracochlear electrodes, all in a controlled way. AEP settings are implemented in order to obtain the
electrical variants of these evoked potentials. Additionally, this research tool enables simple implant
integrity testing using Averaged Electrode Voltages (AEV) recordings, that provides extra info
especially in patients (e.g. young children) who are suspected of internal CI hardware loss.
The present results show that Cli-NIC is a very useful clinical tool to obtain electrically-evoked AEPs
and that it can also be used for diagnostic purposes like integrity testing of the implant hardware. The
convenience of having such a clinical tool has its surplus value for clinicians or researchers who would
like to perform advanced EP measurements that are not possible with standard clinical EP-software.
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Acoustic signal-to-noise ratio dominates auditory long latency responses
Billings, C.
Portland Veterans Affairs Medical Center; National Center of Rehabilitative Auditory Research
Oregon Health & Science University; Department of Otolaryngology/Head & Neck Surgery
Speech perception in background noise is a common challenge across individuals. Despite being such
a common problem, perception-in-noise difficulties are often not addressed clinically, leaving the
affected population to suffer with decreased communication, additional stress, decreased participation
in social activities, and poorer quality of life. Our approach is to use a combination of
electrophysiological and behavioral measures to better our understanding of performance variability
across individuals as a means of improving diagnosis and individualizing treatment. By measuring the
ability of the brain to encode speech in noise we can begin to determine what neural information is
available to the listener to ultimately understand speech in a noisy environment. Recent studies
suggest that when recorded in background noise, tone-evoked auditory late latency responses (e.g., N1
and P2) in young normal-hearing individuals are sensitive to signal-to-noise ratio (SNR) rather than
absolute signal level. To determine the extent of the dominance of the SNR cue to cortical auditory
evoked potential encoding, we tested 15 older normal-hearing individuals and 15 older hearingimpaired individuals using the speech syllable /ba/. Four signal levels (50 to 80 dB) and five SNRs (-5
to 35 dB) were used to demonstrate the effects of SNR and signal level. Results demonstrate that
across groups, SNR remains the dominant cue of the evoked responses. The late latency onset
response sensitivity to SNR and signal level will also be compared with available offset response data.
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Ocular VEMPs elicited by a novel bone conduction device
Bogle, J., Zapala, Z., Walker, K., and Lundy, L.
Mayo Clinic Arizona, USA
Background: Ocular vestibular evoked myogenic potentials (oVEMPs) are used to describe
utricular/superior vestibular nerve function. Air-conducted (AC) stimuli are often used clinically due to
lack of access to adequate bone-conducted (BC) stimuli with clinically-available bone oscillators.
Unfortunately, AC may produce false-negative responses in up to 25% of presumed normal adults due
to inadequate vestibular stimulation.
AIMS: To compare AC oVEMPs to those obtained with a novel bone tapper device in healthy adults.
Methods: Nine healthy adults completed oVEMP testing using monaural/binaural AC (500 Hz
tonebursts, 4 ms duration, 122 dB pSPL, 1.6 Hz rate) and BC (8 Newtons, 1.6 taps/second) stimuli.
Resulting response presence, amplitude, amplitude asymmetry, and n1/p1 latency parameters were
evaluated. Because bone tapper amplitudes were highly correlated between right and left side
conditions (r=0.90, p=0.001), results were evaluated separately for each side.
Results: Presence of clear oVEMPs was not significantly different among conditions for either side
(p=1, Cochran Q test). One-way ANOVAs were used to test for amplitude differences among the three
conditions for each side. No significant differences were noted for right, F(2,24)=0.93, p=0.41, or left
sides, F(2,24)=1.60, p=0.22. Similarly, no significant differences were noted for amplitude asymmetry
among conditions, F(2,23)=0.79, p=0.47. No significant differences were noted for n1 latency for right,
F(2,23)=0.26, p=0.77, or left sides, F(2,21), p=0.86. P1 latencies were significantly different among
conditions for the right side, F(2,23)=3.655, p=0.04, but not for the left, F(2,21)=1.67, p=0.21.
Conclusion: Use of a novel bone tapper device delivers similar presence, amplitude, amplitude
asymmetry, and latency measures as delivered with 122 dB pSPL tone burst stimuli. Results indicate
that this stimulation method may provide a reliable recording stimulus with reduced evaluation time.
Furthermore, the low force level used with this device does not pose risk for the patient regarding
exposure to high noise or output force levels.

14

2013 IERASG, New Orleans

Randomized Multi-Stimulus Averaging Deconvolution (RMAD) of Auditory
Evoked Potentials
Bohorquez, J. and Ozdamar, O.
Department of Biomedical Engineering, University of Miami, Coral Gables, FL, USA
In this study a new technique for deconvolvolution of arbitrary duration Auditory Evoked Potentials
(AEPs) elicited by multiple non-periodic, pseudo-random stimulating sequences is described.The
Randomized Multi-Stimulus Averaging Deconvolution (RMAD) enables the recording and recovery of
transient AEPs when many stimuli with different sequences are simultaneously delivered to the subject.
The method covers the stimulation sequence generation and the assessment of residual noise in the
system as acquisition progresses with recording time. Each stimulation sequence is derived from a
user-defined inter-stimulus interval (ISI) histogram. The sequences are generated in a computer by a
random number generator governed by the ISI probability density function. The stimulation sequences
are used to trigger stimuli delivered to a subject while the single channel Electroencephalogram (EEG)
is being recorded. The deconvolved transient signal is then computed as a function of the sequence
auto-correlation and the sequence-EEG cross-correlation. The method also includes ways to assess
the noise amplification factor (NAF) of the deconvolution process. When different types of stimuli are
simultaneously delivered by multiple, low cross-correlation sequences, RMAD is applied to obtain the
EPs elicited by each sequence from the same recorded EEG. Each AEP corresponds to the unitary
response of the specific stimulus type. The RMAD can be viewed as the generalized time domain
version of the currently available multiple ASSR technique. The technique is used to extract transient
AEPs delivered with dual simultaneous stimulus sequences either to the same and both ears. The
technique can be used for fast auditory electrophysiological screening and audiometric assessment
with multiple, frequency selective stimuli simultaneously delivered to one or both ears. Multiple sectors
of the cochlea and the auditory pathway will be simultaneously tested thus reducing the overall
recording time.
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American National Standards Institute (ANSI):
Are we getting close to a standard for short duration signals?
Burkard, R.
Department of Rehabilitation Science,
University at Buffalo, Buffalo, NY, USA
The American National Standards Institute (ANSI) S3 Bioacoustics Working Group 72 has been
working on an ‘evoked potential’ standard for many years. The international standards (IEC 60645-3,
2007; ISO 389-6, 2007) have been in place for quite some time, and one might think that this would
have made it easier to develop the ANSI standard. This is not actually the case. It has been a
challenge to approve the RETSPLs specified in ISO 389-6, because it is not clear to all in the ANSI
Working Group that the thresholds were obtained under optimal experimental conditions. Questions
remain about the various ways one can quantify the level of a transient, the equivalency of RETSPLs
across couplers and transducers, and exactly what might be the optimal toneburst envelope for the
various AEP responses. Just to make this all even more complicated, it appears that chirps might be
gaining popularity as a method to optimize AEP amplitude, and thus in the near future it may be
necessary to standardize the stimuli, including determining an appropriate RETSPL.
This presentation will review the above-stated issues in the development of an ANSI Standard that
addresses the calibration of acoustic transients. An overview of what is contained in the current draft
of the standard, whether it is part of the standard or an annex, and a discussion of work yet to be
completed before submitting the standard for balloting will be presented.
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Amplitude Interactions of Chinchilla ASSR to Paired Stimuli that Vary in Relative
Stimulus Level
Burkard, R., and McNerney, K.
Department of Rehabilitation Science,
University at Buffalo, Buffalo, NY, USA
The published human literature suggests that presenting multiple stimuli simultaneously does not
dramatically affect ASSR amplitude, at least for low to moderate stimulus levels. In contrast, in our
studies of the chinchilla ASSR, we have found significant amplitude changes when presenting multiple
stimuli, and these changes occur even at moderate stimulus levels. When paired, equal-level stimuli
are presented, the amplitude decrement is often greater for the lower, rather than the higher, stimulus
frequency, and hence this does not appear to be the result of energetic masking. In a recent
presentation (American Auditory Society, March 2013), we reported that the pattern of amplitude
decrement with paired stimulus presentation appeared to vary with the relative level of the two stimuli.
The present study involved further evaluation of the effects of relative stimulus level on ASSR
amplitude. Nine anesthetized chinchillas served as subjects; the Master system was used for data
collection and response analyses. Stimuli were 1000 and 2000 Hz tones, sinusoidally amplitude
modulated at 95 and 107 Hz. Stimulus levels for each tone varied from 40 to 80 dB SPL (in 10 dB
steps). These stimuli were presented to the right ear in isolation, and combined with the other stimulus
frequency, presented at a fixed level of 60 dB SPL. Response amplitude for the single stimuli and the
paired stimuli were evaluated. The presence of the second stimulus caused a reduction in response
amplitude. In general, the proportional change in amplitude was greater for the 1000 stimulus than for
the 2000 Hz stimulus. When the second stimulus was 20 dB greater than the primary stimulus, there
was a greater proportional reduction of ASSR amplitude to the higher-frequency stimulus, rather than to
the lower-frequency stimulus, and hence the results do behave as expected from principles of energetic
masking.
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Multiple Input Auditory Evoked Potentials: Masking and Adaptation Effects
Burkard, R.
Department of Rehabilitation Science, University at Buffalo
Buffalo, NY, USA
This presentation will provide a review of stimulus dependencies of auditory evoked potentials,
evaluating various stimulus manipulations that are permutations of masking paradigms. In the simplest
case, high-pass masking noise is used to mask regions of the cochlea that we do not want to respond
to the stimulus. In this case masking noise precludes specific cochlear regions from responding to a
given stimulus. Just as a masker can affect stimulus loudness as well a threshold, a continuous
masking noise affects auditory brainstem response amplitude and latency at levels well below when the
ABR is completely eliminated (i.e., completely ‘masked’). The masker and the signal can be separated
in time, and thus in forward masking, a masker affects the detection of a signal that comes later.
Similarly, a forward masker can affect the latency and amplitude of an AEP to a stimulus that arrives
after the masker. Also, when stimuli are presented at high enough rates, each stimulus has a forwardmasking effect on responses to subsequent stimuli. There rate effects are on the AEP are similar to
changes seen with ipsilateral-direct masking. Finally, when presenting multiple stimuli to obtain
auditory steady-state responses, there are changes in ASSR amplitude that, in some ways, are
reminiscent of those changes seen with ipsilateral-direct or forward masking, and yet there are other
trends in the data that suggest that these changes are not just ‘masking’ effects. This talk will provide a
review of the above-listed masking/rate paradigms (largely from the authors own research studies),
how they affect human or animal AEPs, and whether the results are completely explained by principles
of energetic masking.
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Electrically Evoked Auditory Brainstem Potentials
Butinar, D.1, Gros, A.2, Battelino, S.2 and Vatovec, J.2
1
2

Institute of Clinical Neurophysiology
Clinic of Otorhinolaryngology and Cervicofacial Surgery,
University Medical Centre Ljubljana, Ljubljana, Slovenia

Background: Electrically evoked auditory brainstem responses (EABR) is a method that assess the
auditory pathway in the brainstem. It locates the site of dysfunction in deaf people where auditory
evoked brainstem responses coul not be used. It was expected that it would contribute considerably to
cochlear implants by providing a better selection of patients suitable for the implantation. However,
being technically demanding, the method has failed to become a routine procedure.
Aims: The aim of the study was to present the method as it developed and to discuss the data
difference among the children and the adults.
Methods: Preoperatively we performed EABR with “gulf” electrode across the round window in 63
candidates (126 ears), 30 females and 33 males, age 5 months to 998 months, who were candidates
for cochlear implants. Measurements were done in generally anaesthetized patients. Nicolet Viking IV
system was used to record EABR and Nottingham University electrical stimulator with reversed
electrical stimuli (intensity: from 200 μA to 1 mA, duration: 200 ms). The stimuli were applied through a
needle “gulf club” electrode which was placed on the edge of or across the round window. The EABR
were recorded between the opposite earlobe and the vertex. 1000 averaging was necessary.
Results: Reliable EABR could be recorded in all cochlear implant candidates except in four where
bilateral fluid in the middle ear was seen. In older patients the amplitudes were high and EABR easier
to record, however there was no difference among the children and adults in latencies of EABR’s.
Discussion: Reasons for the difference in amplitude among the age groups are probably due to
myelinisation and are discussed.
Conclusion: We know that the position of the stimulating electrode is critical. The results suggest a role
of myelinisation among the age groups investigated and there is no latency difference among the age
groups assessed.
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Improving Automatic Detection of Auditory Steady State Responses by an
Enhanced Test Strategy
Cebulla, M.1 and Stürzebecher, E.2
1
2

ENT Clinic, Faculty of Medicine, Julius-Maximilians-University Würzburg, Germany
WDH Denmark, c/o Petershagen, Germany

Automated auditory response detection is always performed by applying an appropriate statistical test
to a sample of stimulus-related epochs of the raw electroencephalogram (EEG). A powerful method
uses sequential, or more precisely, multiple testing strategy. It is known that multiple testing increases
the probability of false rejection of the null-hypothesis. Therefore a correction of the significance level is
necessary for instance by Bonferroni's correction rule. Bonferroni correction assumes independent data
but EEG epochs are dependent data. Therefore this correction is too conservative, reducing the power
of the detection algorithm. In a previous study the authors described a procedure for assessing critical
test values for sequential testing of samples of dependent data. Compared to Bonferroni's correction
this method has a much better performance. However, it will be shown that using a fixed critical test
value, is not an optimal way especially for distinct responses needing only a small number of test steps.
The new idea in the present study is to calculate for each test step the critical test value, which
corresponds exactly to the given error probability. Based on raw EEG data from Interacoustics Eclipse
ASSR system® detection rate and the rate of false-positives are calculated for the new method and
compared with the common method using only a constant critical test value. The results showed that
with a constant critical test value the rate for false detected responses is clearly lower than the
expected rate defined by the given significance level. Using a sample size adjusted critical test value
the rate of falsely detected responses behaves as expected. That leads finally to a considerable
positive effect in the detection rate and time.
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Auditory Steady-State Responses at 10-, 20- and 40-Hz in Infants
Cone, B.
University of Arizona, Tucsan, AZ USA
Cortical auditory evoked responses have a prolonged time-course of development through childhood
and into late teen-age years. Yet, they can be recorded in premature infants as young as 28 weeks
gestational age. There is controversy regarding the neural generators of these potentials, as anatomical
studies indicate that the neural tracts from the thalamus are not readily apparent during the first 3
months of life. Research regarding the development of cortical auditory evoked responses has been
confounded by infant state at the time of recording, because potentials recorded during sleep may be
quite variable. The purpose of this study was to use a steady-state stimulus and recording paradigm to
obtain cortical evoked responses in awake infants. The specific aim was to investigate the effect of
stimulus rate on the responses. Typically developing infants with normal hearing, aged 3-12 months,
were tested using 1.0-kHz tone bursts presented at in 500 ms trains, with inter-stimulus intervals to
create a 10, 20 or 40 Hz rate. The stimulus level was 70 or 80 dB ppeSPL. A control group of young
adults was also tested. The responses were analyzed in the time and frequency domains. The results
in infants showed robust harmonics at 80-Hz for the 20- and 40-Hz tone burst rates, with responses at
the modulation frequency much lower in amplitude, if present at all. The responses using a 10-Hz
toneburst train had the were variable with some infants having responses at 10-Hz and 2nd, 3rd and 4th
order harmonics, and others having low amplitude and inharmonic spectral peaks. Adults showed
robust responses that followed the tone-burst rate. The results from infants suggest a primary
brainstem contribution to these “slow-rate” stimuli. The implications of these findings for our
understanding of auditory system development will be discussed.
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Lateralization of Auditory Steady-State Responses to Speech Envelope
Modulations
De Vos, A.1,2, Luke, R.1, Poelmans, H.1,2, Hofmann, M.1, Vanderauwera, J.1,2,
Vandermosten, M.1,2, Ghesquière, P.2, and Wouters, J.1
1
2

KU Leuven, Department of Neurosciences, ExpORL, Leuven (Belgium)
KU Leuven, Parenting and Special Education Research Group, Leuven (Belgium)

Theories on the neural processing of speech hypothesize that the auditory cortices in left and right
hemisphere are functionally specialized in analyzing the temporal information in speech at different time
scales. Studies using a wide variety of measurement techniques have indicated a right hemispheric
preference for syllabic-rate modulations (3-7 Hz) and a bilateral or left hemispheric preference for
phonemic-rate modulations (12-50 Hz).
Auditory Steady-State Responses (ASSRs) reflect the ability of the neural activity in the brain to phaselock to temporal modulations in auditory stimuli. Consequently ASSRs could be used to examine the
neural asymmetry in processing syllabic- and phonemic-rate modulations. However, previous studies
investigating hemispheric lateralization of ASSRs to speech envelope modulations demonstrated
contradicting results.
The present study aims to examine the lateralization of syllabic- and phonemic-rate modulations by
combining ASSR recordings and anatomical MR images.
ASSRs were recorded in a group of normal hearing adolescents. Continuous speech-weighted noise
stimuli were 100% amplitude modulated at modulation frequencies near 4, 10 and 20 Hz. As a
reference condition, modulation frequencies near 40 and 80 Hz were also included. Stimuli were
presented at 70 dB SPL in three modalities: monaurally to the left ear, monaurally to the right ear and
bilaterally to both ears. Responses were recorded using a high-density 64-electrode array mounted in
head caps. Anatomical brain images were collected with MR scans, including T1-weighted as well as
T2-weighted images.
The combination of high-density EEG recordings with individual realistic volume conductor models,
which can be constructed from a subject’s anatomical MR images, results in a good trade-off between
temporal and spatial resolution. Preliminary findings will be discussed at the conference. The results
will have important consequences for the understanding of neural processing of speech envelope
modulations.
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ASSR Exploration of Amplitude Depth Modulation in Young and Elderly Humans
Dimitrijevic, A.1, Alsamri, J.2, John, S.3, Purcell, D.4, George, S.2, and Zeng, F.2
1

Communication Sciences Research Center, Cincinnati Children’s Hospital Medical Center,
University of Cincinnati
2
University of California, Irvine, Dept. Otolaryngology
3
University of Toronto, Dept. Biomedical Engineering
4
University Western Ontario, School of Communications Sciences and Disorders
Auditory steady state responses are normally collected using 100% modulation depth. Although the
modulation-rate transfer function has been explored by increasing the rate of the amplitude modulation
(AM-rate), this has not been examined for amplitude modulation depth (AM-depth). Both measures
should be examined since AM-rate and AM-depth may serve as objective measures related to the
temporal modulation transfer function (TMTF) and temporal processing ability needed to perceive
complex sounds such as speech. In this study we explored ASSRs using a sweep technique, in which
the depth of AM of broadband noise stimuli ranged from 2% to 100%. In a separate condition we
assessed AM-depth discretely at 100%, 75%, 50%, and 25%. We also quantified behavioral thresholds
of AM detection using a 3-interval forced choice task. In a sample of 10 younger subjects (aged 20 to
30 years old) the ASSR showed a decrement of 29nV for each 10% decrement of AM-depth. In
contrast to the linear slope of the young subjects, elderly subjects (aged 59 to 91) showed a “knee”
profile shape, with a slope of 56nV per 10% decrement (i.e. ~2x the young group) below 35% AMdepth, and a plateau above this depth. Increasing ASSR amplitude with increasing AM depth appears
to characterize young subjects, whereas a saturation profile with no increases in ASSR amplitude with
increases in AM depth (plateau) appears to characterize elderly subjects with increased AM detection
threshold. Although the large variability of the individual ASSR-amplitude-to-AM-depth slopes of the
young subjects suggest this measure may not serve as a useful diagnostic measure, the “knee” profile
may be useful in detecting age-related changes in older adults.
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Acoustic Change Complex in Cochlear Implant Subjects:
Amplitude Modulation and Frequency Change
Dimitrijevic, A.1, Han, J.1, Yoon, Y.1, Scott, M.1, Houston, L.2, Grienwald, J.1,
Samy, R.2, and Fan-Gang-Zeng3
1

Communication Sciences Research Center, Cincinnati Children’s Hospital Medical Center,
University of Cincinnati
2
University of Cincinnati, Dept. Otolaryngology
3
University of California, Irvine, Dept. Otolaryngology
Auditory cortical indices of temporal and spectral processing were examined in subjects with cochlear
implants (CI). Evoked responses (N1/P2; or Acoustic Change Complex) to a change in amplitude
modulation (AM) or a frequency change in an ongoing tone were examined during passive listening
task using 64-channels of EEG. The AM rates were chosen in order to obtain a physiological correlate
of the temporal modulation transfer function (TMTF). The frequency change paradigm was chosen to
objectively estimate frequency resolution. Independent Component Analysis was used to minimize CI
artifacts, and brain electrical source analysis (BESA) was used to confirm auditory cortical activations.
In addition to the electrophysiological measures, speech perception measures of vowel, consonant, and
sentence perception as a function of signal to noise ratio were obtained. Preliminary data suggest that
good and poor users can be differentiated by the cortical potential strength to follow temporal
modulation and to resolve frequency difference. Results will be discussed in the context of speech
perception in quiet and noise, temporal and spectral resolution, and utilization of brain sources.
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Vestibular Evoked Myogenic Potentials in Motion Sickness
Fowler, C.G., Sweet, A., and Steffel, E.
Department of Communication Sciences and Disorders
University of Wisconsin-Madison
Background. Although motion sickness is a debilitating condition for many individuals, little is known
about the underlying physiological mechanisms. One proposal is that motion sickness arises from a
mismatch between reality and past experience in vertical acceleration. Physiological tests of the
vestibular system, however, have produced inconclusive results regarding the underlying pathogenesis.
The purpose of this study was to determine if amplitude and latency characteristics of vestibular evoked
myogenic potentials (VEMPs) are related to motion sickness severity.
Methods. Twenty-four healthy young adults (ages 20-24 years) were recruited from the community.
Participants took the short version of the Motion Sickness Susceptibility Questionnaire (MSSQ-S),
which quantifies susceptibility to motion sickness. Scores were used to divide participants into three
susceptibility groups (high, moderate, and low). VEMPs were elicited by 500 Hz tone bursts monaurally
in both ears at 120 dB pSPL. P1 and N1 amplitudes and latencies were analyzed with repeated
measures analysis of variance for amplitude and latencies for group and ear. Severity of motion
sickness was correlated to the VEMP amplitudes and latencies.
Results. MSSQ-S raw scores covered the range from 0-99% susceptibility according to the percentage
calculation of Golding (2006). The high susceptibility group had significantly higher VEMP amplitudes
than the low susceptibility group. VEMP amplitudes did not differ between ears. No significance was
found for differences in VEMP latencies. Correlation of VEMP amplitudes by severity of motion
sickness revealed a cubic function in both ears, with r2 values >42%. VEMP latencies were not
significantly correlated with motion sickness severity.
Conclusions. Greater susceptibility to motion sickness was associated with greater VEMP amplitudes.
Motion sickness contributes variability to measures of VEMP amplitudes in individuals without
vestibular pathology.
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Speech Stress Pattern Effects on Cortical Auditory Evoked Potentials In Adults
and Children, and in Children with Autism Spectrum Disorder
Gharahdaghi, N.1, Purdy, S.C.1,2, Sharma, M.2,3, Barlow, N.1, Leung, J.1, and Addis, D.R.1
1

School of Psychology, University of Auckland, Auckland, New Zealand
HEARing Cooperative Research Centre (CRC), Australia
3
Audiology, Department of Linguistics, Macquarie University, Sydney, Australia
2

The perception of prosodic features of speech is of interest because of the importance of prosody in
conveying linguistic and emotional information. Pitch and intensity changes across a word or sentence
in English signal different meanings and convey emotion. For example, the word ‘record’ can be the
noun ‘RECord’ or the verb ‘reCORD’, depending on which syllable is stressed. There is evidence for
impaired perception and production of speech prosody in a range of different conditions such as
hearing loss, Parkinson’s disease, and autism spectrum disorder (ASD). This study investigated
perception of speech prosody in typical adults and children and in children with ASD, using behavioural
and electrophysiological measures. Children’s caregivers completed a communication checklist and
autism screening questionnaire. Perception of linguistic and emotional speech prosody was measured
behaviorally using the PEPS-C. Obligatory cortical auditory evoked potentials (CAEPs) were recorded
to three conversational level speech stimuli, ‘baba’, ‘Baba’, and ‘baBA’ delivered via a loudspeaker
using Neuroscan STIM2 software. CAEPs at Fz and Cz were recorded using SCAN4.3 software and
SynAmps2 amplifiers. Stress pattern significantly affected P1, N1, and P2 peak amplitudes and
latencies, with a different pattern of results for children and adults. Overall group differences were
significant for P1 and P2. There were several significant interaction effects, indicating that the effect of
speech prosody differed across groups and electrode location (Cz vs. Fz). Children with ASD had
longer N1 latencies for the stressed stimuli compared to control group children. Adult and child control
group participants performed similarly on the PEPS-C behavioral test of prosody perception; children
with ASD were poorer on several measures including the contrastive stress subtest. Significant
correlations were found between scores for several PEPS-C subtest and evoked potential measures
and children with ASD differed significantly from control group children for some CAEP measures,
suggesting that speech prosody-evoked CAEPs may be a useful method for objectively exploring
perception of speech prosody.
This research was funded by the Auckland Medical Research Foundation.
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Temporal Processing in Three Age Cohorts with Normal Hearing Sensitivity
Goossens, T., Vercammen, C., Wouters J., and van Wieringen, A.
KU Leuven, Department of Neurosciences, ExpORL, Leuven, Belgium
Background: Elderly people commonly report and show difficulties understanding speech in noisy
environments. This is related to an age-related decline in peripheral hearing ability. However, research
demonstrates that elderly people with normal hearing thresholds also experience speech understanding
difficulties in noise. This finding suggests that other age-related factors are involved. Since temporal
processing is crucial for speech understanding, changes in temporal processing with increasing age,
irrespective of loss in audibility, may also account for these speech understanding difficulties.
Aims: The aim is to investigate possible age-related changes in neural temporal processing along the
auditory pathway by comparing auditory steady-state responses in three age cohorts with normal
hearing sensitivity. The different stages of the auditory pathway (brainstem to cortex) are examined by
varying the modulation frequency (80 Hz to = 20 Hz).
Methods: The pilot study includes 10 young (20-30 years), 10 middle-aged (50-60 years) and 10 elderly
(70-80 years) subjects. All participants have normal hearing thresholds in both ears (= 25 dB HL, 125
Hz - 4000 Hz), are right-handed and have no medical history of brain injury or tinnitus. Auditory steadystate responses are recorded by using a 64-electrode EEG set-up with head caps. Participants are
stimulated with octave bands of white noise centered at 1 kHz at 70 dB SPL. The noise is amplitude
modulated by 80 Hz, 40 Hz, 20 Hz and 4 Hz and presented unilaterally left, unilaterally right and
bilaterally. 5-minutes recordings are made for each of the 12 conditions.
Results and Conclusion: First results appear to show changes in neural temporal processing with
increasing age. Detailed results regarding modulation frequency and age will be presented at the
conference.
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Late Cortical Response to High Context and Low Context Speech
Gould, H.J., Vieth, A., and Pousson, M.
School of Communication Sciences and Disoders, University of Memphis, Memphis, TN, USA
Context has been shown to provide a significant improvement in the perception of verbal stimuli in a
noise environment. This improvement is attributed to an independent channel of information related to
top-down processing. Boothroyd and Nittrouer (1988) quantified this channel of information based on
perception of high and low context speech processing and labeled it the k-factor.
In order to find a possible evoked response correlate of the k-factor; the latency, amplitude and scalp
distribution of averaged cortical responses to words in context and non-context situations were
obtained. Fifteen subjects were assessed -100 to 800 msec relative to word onset using 72 electrodes.
The stimulus consisted of 40 four word sentences (HC) and 40 sets of four random words (LC). The
word corpus for the HC and LC lists were the same. The LC list scrambled the words in position to
create the LC random patterns. Subjects repeated the words in the sequence after the entire sequence
was presented. The results of this study are preliminary due to a large number of subjects that
demonstrated high levels of alpha activity and other artifact during the. All responses were converted to
a laplacian reference montage prior to statistical analysis. We found significant differences between
low context and high context words in the final word position at a number of latencies using a
permutation statistic. We also found significant differences in the initial words for the high and low
context stimulus sets.
The results suggest that the top down information channel may be assessed using electrophysiologic
means. Additionally it appears that the expectation of context may alter the processing if information
for initial words in the sentence.
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Acoustic Change Complex to Amplitude Modulation in Continuous White Noise
Han, J.1,2 and Dimitrijevic, A.2
1

Department of Communication Sciences and Disorders, University of Cincinnati,
Cincinnati, OH, U.S.A
2
Communication Science Research Center, Cincinnati Children’s Hospital,
Cincinnati, OH, U.S.A.
Background: Temporal modulation transfer functions (TMTFs) can be used to assess auditory temporal
processing ability. TMTFs are derived by determining the behavioral threshold for detecting amplitude
modulation (AM) depth as a function of AM rate. This study examined cortical evoked potentials to AM
stimuli that differed in both rate and depth. By examining brain activity to stimuli that differ along these
two dimensions, it is hypothesized that we can infer TMTFs and temporal processing based on
objective brain responses and not overt behavioral measures.
Aims: The primary goal of the present study was to relate auditory cortical responses to AM stimuli to
behavioral measures of AM detection.
Methods: Normal hearing subjects were presented with continuous white noise in passive listening
condition that had occasional AM lasting 1 sec. The “AM change” occurred at random intervals, but on
average every 2.2 sec. Nine different AM stimuli were used: three AM rates (4, 40, and 300 Hz) each
with three different AM depths (25, 50, and 100%). For active conditions, subjects were instructed to
indicate via button press when they detected ‘changes’ in the ongoing stimuli. Brain responses were
recorded using a 64-channel EEG system and responses to each of the nine stimuli were separately
averaged over 100 repetitions each.
Results: AM change evoked an N100-P200 evoked potential to the onset of modulation. With less
salient AM changes, N100 amplitude became smaller and of longer latency. N100 amplitude vs. AM
rate function was similar in shape to the TMTF. N100 was less robust with smaller AM depth. N100 was
larger and later with active detection of AM compared to passive listening.
Conclusion: Results from the present study suggest that evoked potentials can be used to estimate AM
detection. This approach can be used to develop brain-based measures of TMTF which can be related
to temporal processing ability needed for accurate speech perception.
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Auditory Evoked Potentials with Cochlear Codacs Implants
Hofmann, M., Verhaert, N., and Wouters, J.
KU Leuven, Department of Neurosciences, ExpORL, Leuven, Belgium
The Codacs acoustic hearing implant from Cochlear directly stimulates the cochlear fluid through a
stapes piston coupled to an actuator. The device could be indicated in patients with severe to profound
mixed hearing loss. Few methods are available to objectively assess the accurate coupling between the
actuator and the inner ear. In this study, the use of auditory evoked potentials such as Auditory
Brainstem Responses (ABRs) and Auditory Steady State Responses (ASSRs) is being investigated.
A protocol for the measurement of ABRs and ASSRs to assess the coupling of the actuator to the inner
ear has been developed. Aided ABRs and ASSRs were measured after complete implantation.
Through bench tests, some pitfalls in acoustic stimulation with the Codacs implant have been
unraveled. Collected data show that artifacts from the wireless transmission to the implant complicate
the interpretation of responses in case of acoustic stimulation. By using a digital interface, both ABRs
and ASSRs have been successfully recorded.
Preliminary results show that aided ABRs and ASSRs can be successfully recorded in Codacs patients
and could be used to assess the coupling to the inner ear.
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Chirp-evoked otoacoustic emissions
Jedrzejczak, W. W.1,2, Kochanek, K.1,2, Sliwa, L.1,2, Piotrowska, A.1,2,
Pilka, E.1,2, and Skarzynski, H.1,2
1
2

Institute of Physiology and Pathology of Hearing, Warsaw, Poland
World Hearing Center, Kajetany, Poland

The most popular method of measuring transiently evoked otoacoustic emissions (TEOAEs) uses a
click stimulus. Alternatively, a broadband TEOAE response can be evoked by a so-called chirp
stimulus, which is a very short sweep tone of rapidly increasing frequency. The main advantage of a
chirp is that it is broadband, similar to a click, but it has some of the frequency specificity of a tone
burst. The purpose of the study was to investigate the properties of otoacoustic emissions (OAEs)
evoked by chirp stimuli and compare them with standard click-evoked OAEs. Differences between
evoked OAEs in ears, with and without spontaneous otoacoustic emissions (SOAEs) were also
assessed. Half-octave-band values of OAE SNRs and response levels were used to assess statistical
differences. The response levels and SNRs of OAEs evoked by clicks and chirps were very similar.
Both response levels and SNRs were higher by about 5 dB for ears with SOAEs than ears without
SOAEs. The results suggest that performance of chirp-evoked OAEs is similar to click-evoked OAEs.
The presence of SOAEs significantly influences OAEs evoked by chirps and clicks.
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Low-Frequency Otoacoustic Emissions Evoked by 0.5 kHz Tone Bursts
Jedrzejczak, W. W.1,2, Piotrowska, A.1,2, Kochanek, K.1,2, Sliwa, L.1,2,
Skarzynski, P.H.1,3,4,, and Skarzynski, H.1,2
1

Institute of Physiology and Pathology of Hearing, Warsaw, Poland
World Hearing Center, Kajetany, Poland
3
Clinic Otolaryngology and Rehabilitation, Physiotherapy Faculty, Medical University of Warsaw,
Poland 4 Institute of Sensory Organs, Kajetany, Poland
2

Click evoked otoacoustic emissions in children are known to be good indicators of hearing function
when used in the frequency range 1.5–4 kHz. The present study investigates the usefulness of
responses in the lower frequency range of 0.5–1 kHz evoked by 0.5 kHz tone bursts. Otoacoustic
emissions (OAEs) were recorded from the ears of schoolchildren in a screening setup. Each ear was
tested with two measurements: first with a standard click stimulus at 80 dB pSPL (CEOAEs) and a
second using a 0.5 kHz tone burst at 80 dB pSPL (TBOAEs). Pure tone audiometry and tympanometry
were also conducted. Half-octave-band values of OAE signal to noise ratios (SNRs) and response
levels were used to assess statistical differences. For the 0.5 kHz tone bursts, evoked responses were
very weak at 0.5 kHz and the peak response occurred at 0.7–1 kHz. Generally, CEOAE SNRs were
about 10 dB in the 1–4 kHz range, while SNRs for 0.5 kHz TBOAEs were about 10 dB at 0.7–1 kHz. To
conclude, 0.5 kHz TBOAEs could be measured in children as effectively as CEOAEs. They can provide
additional information about the 0.7–1 kHz frequency range, a range over which CEOAEs do not
usually contain responses above the noise floor.

32

2013 IERASG, New Orleans

Listening to Words: Auditory Event-Related Potentials Reveal Cognitive
Complexity; Implications for Speech Audiometry
Jerger, J.
School of Behavioral and Brain Sciences, University of Texas at Dallas,
Richardson, Texas, USA
When a listener hears a word, and must analyze that word in order to perform a simple semantic category task,
auditory event-related potential (AERP) components associated with attention, memory, phonological analysis,
and lexical/semantic analysis are amplified relative to the same AERP components in response to simple
repetition of the word. This effect is greater in persons with hearing loss. The effect may be useful in quantifying
"listening effort", the demand on the cognitive resources of an individual hearing-impaired person necessary to
achieve a given level of satisfactory performance after therapeutic intervention
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Binaural Interaction Component of Click ABR and 80-Hz ASSR in NormalHearing Adults
Kaf, W.A.1, Rafael, K.1, Ross, A.1, and Danesh, A.2
1

Communication Sciences and Disorders Department, Missouri State University, Springfield,
Missouri, USA
2
Department of Communication Sciences and Disorders, Florida Atlantic University, Boca
Raton, Florida, USA
Binaural interaction component (BIC) has been demonstrated in humans using auditory brainstem
responses (ABRs). However, little is known about BIC using 80-Hz ASSR. This study examined and
compared the BIC at the brainstem level using click ABR and 80-Hz ASSR in healthy adults. ABR and
80-Hz ASSR were recorded monaurally and binaurally to 85 dB SPL rarefaction clicks from Fz—C7 and
Fpz electrodes in 30 normal-hearing young adults (n=15 males). Click ABR was recorded at 11.1/s,
77.1/s, and 91.1/s rates, and ASSR was recorded at 79.1 Hz and 94.1 Hz modulation rates. Test
sequence and ear order were randomly assigned. Amplitude and latency responses at different rates of
BIC wave V of ABR and BIC of 80-Hz ASSR were analyzed. Gender effect was assessed using
independent samples t-test at each rate. Also, BIC amplitudes and latencies of wave V ABR and ASSR
at different rates were evaluated using repeated-measures analysis of variance. Results showed that
BIC wave V of ABR and ASSR were present in all participants, with no significant gender differences in
BIC amplitudes and latencies of ABR and ASSR for all rates. Aggregate data analysis revealed that
BIC 94-Hz ASSR has smaller amplitude and longer latency than BIC 79-Hz ASSR and BIC ABR at all
rates. The findings of absent gender disparity and no differences between BIC ABR and BIC 79 HzASSR suggest presence of similar binaural interaction mechanism for ABR and 79-Hz ASSR in males
and females. Presence of smaller amplitude and longer latency of BIC 94-Hz ASSR may be attributed
to presence of different binaural interaction with less allocated brainstem neurons, resulting in less
efficient neural conduction. These normative adult findings of ABR and ASSR binaural interaction
mechanism can be useful for clinical studies with brainstem auditory processing disorders.

34

2013 IERASG, New Orleans

Clinical application of postoperative electrophysiologic tests for cochlear implant
uses
Kim, L.S.1, Jeong, S.W.1, Kang, M.Y.1, and Boo, S.H.2
1

Department of Otolaryngology-Head and Neck Surgery, College of Medicine,
Dong-A University, Busan, Republic of Korea
2
Department of Otolaryngology-Head and Neck Surgery, Samsung Changwon Hospital,
Sungkyunkwan University School of Medicine, Changwon, Republic of Korea
Purpose: To assess whether MAP threshold level (T level) and comfort level (C level) can be predicted
using thresholds of postoperative electrophysiologic tests in cochlear implant (CI) users.
Methods: Forty-six children with CI24RE(CA) and sixteen children with CI422 were included.
CI24RE(CA) users and CI422 users underwent CI surgery at the mean age of 1.7 years and 6.1 years
respectively. Electrical stapedial reflex (ESR) and electrical compound action potential (ECAP) were
measured during surgery after inserting the electrode array, and ECAP and electrical auditory
brainstem response (EABR) were measured 3 weeks after surgery. The correlation between the
thresholds of the electrophysiologic tests and T / C levels obtained from 3 months to 1 year after
surgery were analyzed using Pearson's correlation test.
Results: In CI422 users, ESR, ECAP, and EABR thresholds showed significant correlation with T and C
levels, and EABR thresholds had the strongest correlation with them. In CI24RE(CA) users, ESR and
EABR thresholds showed significant, but weak correlation with T and C levels, but ECAP had
significant correlation with only T level. Individual correlations were much stronger than the correlation
of all recipients. There were inter-individual variations of the power of correlation and the difference
between the thresholds of electrophysiologic tests and T / C levels.
Conclusion: The thresholds of the electrophysiologic tests are useful enough to aid mapping procedure
for the difficult-to-map.
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Short duration signals and standardization
Laukli, E.
Dept. of Audiology, University of Tromsø, Norway
Short duration signals used in evoked response measurements have been considered for international
standardization during the last years. Both clicks and tone-bursts are standardized according to IEC
60645-3, 2007 (signal waveforms) and ISO 389-6, 2007 (reference threshold values). Reference
signals are described in the IEC document where the 2-1-2 (H. Davis) tone-burst and the clicks from
100 μs electric pulses form the basic references. In the ISO standard the reference threshold values
are based on these reference signals. The ISO document also presents data for a set of different
transducers, supra- and circumaural earphones, insert earphones, bone vibrators and loudspeakers,
and tone-burst threshold values are specified for different audiometric frequencies. For most ABR
measurements the situation is quite comfortable but we have areas where different signals are used
and where standardized signal curves and reference threshold values are missing. The producers’
values are often used or own measurements are made in different laboratories. This may lead to results
which are not comparable throughout. In TEOAE measurements different click signals may be used
even if another IEC standard (60645-6, 2009) has been published to try to relate all clicks to the
reference click presented in IEC 60645-3. Another type of stimulus is the modulated waveform used in
some products for ASSR. Here we have no standardization at all. In the later years the chirps have
been introduced and again no standards are devoted to these stimuli even if there is a recent
publication (2012) on reference thresholds. It is of great importance to continue the development of
standards in this area to guarantee the most reproducible and comparable results around the world.
Collaboration between ANSI and IEC/ISO would increase the availability of new worldwide standards.
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The effects of artefact rejection and Bayesian averaging on ABR efficiency
Lightfoot, G.1,2, and Stevens, J.2
1

Department of Medical Physics & Clinical Engineering, Royal Liverpool University Hospital,
Liverpool, UK
2
English Newborn Hearing Screening Programme, Clinical Group, UK
Background: The artifact rejection (AR) level chosen in ABR tests is crucial in obtaining waveforms with
a good signal to noise ratio but its importance is underestimated by most testers.
Aims: This study seeks to identify whether the most efficient AR level to use for recording the newborn
auditory brainstem response (ABR) changes with recording conditions and, if so, to develop a simple
strategy for testers to adopt when faced with non-ideal test conditions.
Methods: Twenty-six babies referred from the English newborn hearing screening program were tested
using ABR as a routine component of their post-screening assessment but their raw EEG responses
were recorded for off-line analysis. One hundred 3000-stimuli data samples were re-averaged off-line at
five AR levels and additionally at two AR levels with Bayesian averaging, a total of 700 waveforms. An
objective measurement residual noise was used to determine the most efficient (associated with the
highest signal to noise ratio) AR level for each sample.
Results: Bayesian averaging in conjunction with an AR level of ±10 µV generally performed best overall
and superior to Bayesian averaging with an AR level of ±20 µV. Without Bayesian averaging, for babies
tested in good conditions an AR level of ±5 µV was most efficient. In adverse noise conditions ±8 µV
was most efficient whereas in intermediate noise conditions an intermediate AR performed best. An
interactive AR strategy was developed, including the trade-off between AR level and the number of
sweeps required to maintain residual noise values.
Conclusion: AR does influence test efficiency and the optimum level depends on the prevailing test
conditions, which can change during the averaging process. It is important that testers are aware of this
and develop evidence-based skills to optimise test quality, particularly in challenging test conditions.
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Validation of objective measures of response quality and residual noise in two
ABR systems
Lightfoot, G.1,2, Stevens, J.2, Ferm, I.3, and Brennan, S. 2,4
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Department of Medical Physics & Clinical Engineering, Royal Liverpool University Hospital,
Liverpool, UK
2
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3
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4
Department of Medical Physics & Clinical Engineering, Royal Hallamshire Hospital,
Sheffield, UK
Background: Several ABR systems are used in England, two of which offer Fsp, or its derivative Fmp,
and residual noise. These can aid the user decide when sufficient sweeps have been acquired.
Aims: We wished to validate these measurements to allow forthcoming national guidance to include
advice on their use.
Methods: We examined two ABR systems: the Bio-logic Navigator Pro and Interacoustics Eclipse. Four
experiments were undertaken: (a) no-stimulus trials on babies to determine the distribution of the Fstatistic; (b) an artificial noise source was used to compare the residual noise values reported by the
two systems; (c) & (d) no-stimulus waveforms were used to compare the residual noise values reported
by the two systems.
Results: (a) The distributions of the F-statistic were clearly different in the two systems; the Bio-logic
gave values that were 1.4 and the Interacoustics gave values that were 0.5 of the predicted distribution
at the 50% point. This ratio is 2.8:1. (b) The residual noise reported by the two systems was clearly
different; the ratio was 1.606 to 1. (c) & (d) The national criterion for response absence requires
residual noise of no more than 25nV. The Bio-logic reported this as 18nV and the Interacoustics
reported this as 30nV, a ratio of 1.667 to 1.
Conclusion: The F-statistic uses the square of the residual noise in its calculation. The squares of 1.606
and 1.667 are 2.74 and 2.78 respectively, very close to the ratio of 2.8:1 estimated from experiment (a).
It is therefore likely that the differing values reported for the F-statistic in the two systems arises from
differences in the measurement of noise. The origin of this difference is unclear and we are
investigating further. This study highlights the need to establish parameter and population-specific
reference values when using these measurements.
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Frequency Modulated DPOAE
Lodwig, A.
PATH medical GmbH, Germering, Germany
Background: When measuring DPOAE for screening or diagnostic purposes, usually only a few fixed
frequencies are tested. However, a feature of DPOAE known as fine structure can interfere with such
testing, if one of the test frequencies happens to hit a fine structure minimum. A so-called second
source is widely accepted to be responsible for this interference pattern, located at the cochlear area
which is tuned to the DPOAE frequency. Using a suppressor tones or pulsed DPOAE recording are
known methods to overcome the fine structure. Both methods have certain disadvantages and are
therefore not widely used in clinical settings.
Method: A different way of overcoming the DPOAE fine structure is presented here, using frequency
modulated (FM) primary tones, resulting in a frequency modulated DPOAE response. We call this
method FMDPOAE. Standard recording methods for DPOAE, usually based on Fourier transform or
similar techniques, do not allow significant frequency modulation. Therefore, a different approach has
been designed, making use of heterodyne filtering techniques. Modulation widths in the order of +100Hz at modulation rates of 1 to 2 Hz can be applied, while still recording a stable DPOAE signal.
Results: Comparison tests between standard DPOAE and FMDPOAE indicate that fine structure is
suppressed quite effectively. In contrast to known methods, FMDPOAE do not need any additional
stimuli and do not extend the average test time. Measurements also show that DPOAE fine structure is
level dependent. This can lead to higher DPOAE amplitude being recorded at lower stimulus levels and
vice versa. This fact can impact DPOAE threshold estimation, based on so-called DPOAE-growth
functions. FMDPOAE are more robust in this aspect and can therefore improve average threshold
estimation accuracy significantly.
Conclusion: FMDPOAE seem to have the potential to improve both screening and diagnostic DPOAE
testing performance significantly.
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Neural generators of electrically evoked auditory steady-state responses
Luke, R., Hofmann, M., Van Deun, L., Wieringen, A., and Wouters, J.
KU Leuven, Department of Neurosciences, ExpORL, Leuven, Belgium
Cochlear Implants (CIs) provide recipients the ability to perceive sound and conduct conversations in
quiet situations, but the ability to understand speech in difficult listening environments varies widely.
Speech can be characterised by the envelope and fine structure, of which only the envelope is
transmitted to CI users. Speech understanding for CI recipients is based mainly on the transmission of
low frequency amplitude modulations across multiple stimulation channels. In normal hearing listeners
amplitude modulated auditory steady-state responses increase neuronal activity in different brain
regions from brainstem to cortex with decreasing modulation frequency.
We aim to determine the strength and location of neural generators for electrically evoked auditory
steady-state responses (EASSR) modulated at frequencies dominant in the speech envelope. We
investigate the effect modulation frequency has on these parameters and any
differences to normal hearing listeners.
EASSRs to amplitude modulated pulse trains have been recorded in 5 users of the Cochlear Nucleus
CI using a 64 channel EEG system. Pulses were presented in bipolar mode at 900 pps and amplitude
modulated at 4,10, 20, 40 and 90 Hz. We apply both parametric and non-parametric source localisation
methods that have been validated in normal hearing participants. EASSR responses have been
detected in the data and initial analysis has localised the neural generators of amplitude modulated
stimuli. A complete analysis of all modulation frequencies will be presented at the conference.
R.L. was supported by the EU within the Marie Curie ITN ICanHear agreement.
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Physiological evidence for rapid plasticity in the human auditory brainstem
Maslin, M.R.D.1, Lloyd, S.K.2, Rutherford, S.2, Moore, D.3, and Munro, K.1
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3
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Individuals with unilateral deafness offer a useful model for studying plasticity of binaural systems in
humans. Stimulation of the intact ear reveals increased activity in the auditory pathway that is ipsilateral
to the intact ear compared with binaurally hearing controls. Furthermore, when unilateral deafness
occurs as a result of surgery there is a unique opportunity to study the time course of these changes
longitudinally, as pre-onset baseline measures can be obtained in advance of the surgery. This is
important because information on the physiological mechanisms of plasticity can be inferred from the
time course of events. Changes that occur rapidly imply physiological mechanisms that drive plasticity
of the existing neural architecture. However, gradual effects imply physiological mechanisms that drive
structural changes in the neural architecture.
This study aimed to elucidate the speed of onset of changes in a group of 7 individuals undergoing
translabyrinthine surgery for acoustic neuroma removal. This type of surgery always results in unilateral
deafness. Auditory brainstem response measurements were conducted intra-operatively, both pre- and
immediately post- unilateral deafness. The results indicate an almost immediate (within minutes to
hours) reduction in wave V latencies (mean pre = 6.39ms; mean post = 5.99ms; p = 0.002). Smaller
reductions were also observed at waves I and III.
These results demonstrate rapid injury-induced plasticity in the human auditory brainstem for the first
time. Candidate physiological mechanisms for these rapid changes include disinhibition of the intact ear
and neurotrophin mediated intracellular signalling within binaurally sensitive neurons.
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Cortical Encoding of Speech Acoustics in Quiet and in Noise
Mathew, A.K., Purdy, S.C., and Welch, D.
Department of Speech Science and Audiology, University of Auckland,
Auckland, New Zealand
Background: Cortical auditory evoked potentials (CAEPs) are sensitive to the acoustic characteristics of
natural speech stimuli. Hence they may be useful for better understanding listeners’ difficulties
encoding discriminable acoustic cues in the presence of noise and for objectively determining optimal
hearing aid settings. This approach may be useful for infants, young children and adults who cannot
cooperate for behavioral speech discrimination testing.
Objectives: To determine whether CAEPs show morphological changes which reflect spectral and
temporal contrasts in speech and to determine the effect of background noise. The study was also
designed to understand the effects of hearing aid processed speech acoustics on CAEPs for various
background conditions.
Method: CAEPs were recorded from eight adults with normal hearing in response to minimally
contrastive speech sound pairs at a moderate intensity level (65 dB SPL) in quiet and background
noise at a signal-to-noise ratio (SNR) of +15 dB. Recordings were made with the participants engaged
in a passive listening condition with and without a hearing aid in place. At least 150 artifact-free trials for
each participant were required to measure individual latencies and peak amplitudes of CAEPs.
Results: P1-N1-P2 components indicated significant effects of speech contrast and background noise.
Although complex interactions were seen for some contrasts, the results indicate that CAEP
components are sensitive to the spectrotemporal content of a speech signal in quiet and at a favourable
SNR. Hearing aid processing can affect both temporal and spectral characteristics of speech, with
corresponding effects on P1-N1-P2 components.
Conclusion: This data contribute to our understanding of the possible use of CAEPs for evaluating
listeners’ abilities to encode speech in the presence of noise and optimising hearing aid outcomes.
The project is funded by The Oticon Research Foundation, Denmark
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Distribution of the Mismatch Negativity in Vowel Formant Processing
McPherson, D. and Perry, E.
Brigham Young University, Utah, USA
The mismatch negativity (MMN) response, a passively-elicited component of the auditory event-related
potential (ERP), reflects preattentive identification of infrequent changes in acoustic stimuli. In the
current study, the MMN response was examined closely to determine what extent natural speech
sounds evoke the MMN. It was hypothesized that a significant MMN response results during the
presentation of deviant stimuli from which spectral energy within formant bands critical to vowel
identification has been removed. Localizations of dipoles within the cortex were hypothesized to yield
information pertaining to the processing of formant-specific linguistic information. A same/different
discrimination task was administered to 20 adult participants (10 female and 10 male) between the
ages of 18 and 26 years. Data from behavioral responses and ERPs were recorded. Results
demonstrated that the MMN may be evoked by natural speech sounds. Grand-averaged brain maps of
ERPs created for all stimulus pairs showed a large preattentive negativity. Additionally, amplitudes of
the MMN were greatest for pairs of auditory stimuli in which spectral energy not corresponding to
formant frequencies was digitally eliminated. Dipoles reconstructed from temporal ERP data were
located in cortical areas known to support language and auditory processing. Significant differences
between stimulus type and reaction time were also noted. The current investigation confirms that the
MMN response is evoked by natural speech sounds and provides evidence for a theory of preattentive
formant-based processing of speech sounds.
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Automated independent component analysis for the detection of evoked
potentials from multichannel recordings
Mirahmadizoghi, S., Bell, S., and Simpson, D.
Hearing and Balance Centre, Institute of Sound and Vibration Research
University of Southampton, UK
The acquisition of multichannel EEG recordings offers the prospect of improvement in signal-to-noise
ratio for auditory evoked potentials and/or reduction in the number of stimuli required in detecting
responses. Independent component analysis (ICA) has been extensively used to enhance responses
and remove background EEG activity (noise) but the choice of independent components (ICs) to
include/reject remains a challenge, as the commonly used subjective methods are often userdependent and labour intensive. In this work two new methods of component selection are proposed.
The first method is based on the Magnitude Squared Coherence (MSC) of the ICs and the stimulus. In
the second method the response components are selected based on the SNR in each component as
quantified by the Fixed multiple points (Fmp) coefficient. We initially tested methods in simulation.
Experimentally, 64 channel Auditory Late Responses were recorded from 12 normal hearing adults
using tone burst stimulation. On inspection, individual ICs do not cleanly separate between evoked
responses and background activity, but often provide a mixture of the two, requiring a compromise in
the number of ICs to include. The proposed method provides an objective and automated means of
making this choice. The method shows significant improvements in SNR over single channel recording
at the vertex and over Principal component analysis (PCA) of multichannel data. The approach appears
promising for analysing multichannel evoked response recordings.

44

2013 IERASG, New Orleans

Time Domain Objective Analysis of Speech Evoked ABR
Novis, K., and Bell, S.
Hearing and Balance Centre, Institute of Sound and Vibration Research,
University of Southampton, UK
Auditory Brainstem Responses (ABRs) are commonly generated using simple, transient stimuli (e.g.
click s or tone bursts). Whilst brainstem responses using such simple stimuli are undeniably valuable
clinical tools, they are not representative of more complex behaviourally relevant sounds such as
speech. There has been considerable interest in the use of more complex stimuli to elicit the ABR with
considerable work focussing on the use of synthetically generated Consonant Vowel (CV) Stimuli. It is
suggested that such responses are sensitive to a range of clinical conditions and to the effects of
auditory training.
Several ABR features have been documented in response to CV stimuli. However an important issue is
how robust such features are. In the current research we use time domain objective measures of
quality to compare wave V of the click evoked ABR to waves elicited by the CV stimulus ‘da’. Stimuli
were presented to 16 subjects at 70 dB nHL in quiet and in 65 db nHL noise. Fsp and bootstrap
analysis methods were used to indicate wave quality and presence respectively.
For features identified in the ‘da’ response, all waves had significantly lower amplitude than wave V of
the ABR. The morphology of speech evoked waveforms varied across subjects. Mean Fsp values for
several waves of the speech evoked ABR were below 3 suggesting low quality. The most robust
response to ‘da’ appeared to be an offset response. Using bootstrap analysis to detect ABR waves,
only click wave V showed 100 % wave presence in quiet and noise. Responses to ‘da’ showed lower
wave detectability, particularly in noise.
These results suggest that the quality of speech evoked ABR is generally less than that of click evoked
responses, particularly in background noise. This has implications for the clinical use of speech evoked
ABR.
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Asynchronized Multi-Stimulus Averaging Deconvolution (AMAD) of Auditory
Evoked Potentials
Ozdamar, O. and Bohorquez, J.
Department of Biomedical Engineering, University of Miami, Coral Gables, FL, USA
In this study our previously developed single stimulus Continuous Loop Averaging Deconvolvolution
(CLAD) technique will be expanded to extract transient Auditory Evoked Potentials (AEPs) elicited with
a set of simultaneously presented stimuli. The Asynchronous Multi-Stimulus Averaging Deconvolution
(AMAD) technique enables the recovery of transient AEPs from the one channel electroencephalogram
(EEG) when several stimuli are simultaneously delivered to the subject in one or two ears according to
previously defined stimulation sequences. The sweep duration of each stimulus is carefully selected in
a way that when an appropriate number of EEG sweeps are asynchronously averaged, the interference
of the other stimuli (inter-stimulus crosstalk) is reduced below the noise floor. Once the sweep
averages of each stimulus are computed, the transient responses are obtained using the established
CLAD method. The study provides the required analytical and computational methods to design the set
of sequences along with their optimal number of sweeps that minimizes the crosstalk. The AMAD
technique was successfully tested with computer simulations using arbitrary waveforms and in normal
hearing subjects. The method has been used to separate transient responses to 500Hz and 2000Hz
tone burst stimuli simultaneously presented to one and both ears with slightly different sequences at
rates around 40Hz and 80Hz. In all cases the Auditory Brainstem and Middle Latency Responses
(ABR/MLR) were successfully extracted. The AMAD methodology is somewhat similar to the multiple
ASSR technique which provides spectral magnitude/phase separation of individual stimuli. In addition,
however, it provides the extraction of individual transient AEP waveforms of these stimuli from the EEG
response. The use of the AMAD technology opens new applications for the use of electrophysiology in
hearing science and audiology. Rapid multi-stimulus hearing screening and objective audiogram
determination, exploration of binaural interaction and adaptation/masking with transient AEP waveforms
are among such applications.
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Multiple Input Auditory Evoked Potentials: Response Averaging and
Deconvolution Methods
Ozdamar, O. and Bohorquez, J.
Department of Biomedical Engineering, University of Miami, Coral Gables, FL
Traditionally auditory evoked potentials (AEPs) are obtained by synchronous averaging of responses to
one type of stimulus. The stimulus is repetitively presented and the responses to stimuli do not overlap
temporally. Response overlap occurs when single or multiple stimuli are presented simultaneously or
within close proximity of each other. When a single stimulus is presented at high rates, maximum length
sequences (MLS) or Continuous Loop Averaged Deconvolution (CLAD) methodology can be used to
untangle the convolved responses. When many stimuli are simultaneously presented as in the multiple
ASSR technique, frequency domain techniques can be used to extract magnitude /phase
characteristics of each stimulus. Currently transient responses of these stimuli cannot be extracted
from such single channel recordings.
In this talk we review the current single and multi-stimulus response acquisition methods and present a
systematic approach to untangle or deconvolve individual responses from such convolved responses
obtained at high rates and/or simultaneously presented multiple inputs. These methods can be
clustered into two groups: asynchronous and randomized averaging and deconvolution. These
techniques can be assessed by their noise attenuation/amplification (within single stimulus) and crosstalk (between two stimuli) characteristics. Use of multiple stimuli in auditory electrophysiology offer
several advantages such as shortened recording time and detailed study of masking and adaptation
effects at fast rates. Examples of such AEP applications from normal and hearing impaired subjects are
presented. Detailed studies of both methods are presented in other talks. Physiological considerations
arising from multiple simultaneous stimuli will be presented in the next talk.
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The Effects of High-Pass Filtered Noise Masking on Auditory Middle Latency
Response: Effects of Age-Related Hearing Loss
Park, S. and Fowler, C.G.
University of Wisconsin-Madison, Madison, Wisconsin, USA
The morphological changes in auditory evoked potentials tend to be susceptible to masking effects for
older adults possibly because of the age-related loss of inhibition. The differential effects of noise on
age-related hearing loss may be associated with the age-related reduction of speech-in-noise
perception.
Purpose: This study examines two hypotheses: (1) noise masking may exert differential effects on ABR
wave V and AMLR Pa for age-related hearing loss; (2) Pa amplitude is related to the reduced speechin-noise perception in older adults.
Methods: Participants included seven young normal-hearing adults (YNH, 20-38 years), six older
normal-hearing adults, (ONH, 55-84 years) and seven older adults with mild-moderately severe highfrequency hearing loss (OHL, 55-92 years). ABR and AMLR were recorded simultaneously in quiet and
in 4kHz filtered noise. The noise was presented ipsilaterally at an overall level of 65 dBA. Two stimuli
(e.g. clicks, 500 Hz) were presented monaurally through insert earphones at 70-100 dB SPL at a rate of
11.1/s with physiological filters for activity from 10-1500 Hz. Speech-in-noise perception was measured
using the Revised Speech Perception in Noise (SPIN-R) test.
Results: OHL showed more steeply inclined Pa intensity-amplitude functions versus ONH with
increasing intensities in both conditions. Clicks evoked significantly larger Pa and wave V versus 500
Hz for all groups in both conditions, except that YNH group showed similar Pa amplitudes for clicks and
500 Hz. OHL group showed significant negative correlations between SPIN-LP scores and 500 Hz at
100 dB SPL in quiet and in noise, and clicks at 100 dB SPL in noise.
Discussion and Conclusion: Noise masking has more influential effects on ONH and OHL groups
versus YNH group, producing remarkably reduced Pa amplitudes at lower stimulus levels and
extremely enhanced Pa amplitude at the highest level. Age-related hearing loss may aggravate noise
interference, contributing to poorer speech-in-noise perception.
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Chirp evoked ASSR on a handheld device
Rosner, T.1 and Lodwig, A.2
1
2

Institute for Real-Time Computersystems, Technische Universität München, Germany
PATH medical GmbH, Germany

Auditory Steady-State Responses (ASSRs) are currently of great interest in clinical audiology, since
they allow for a frequency-specific and quantitative evaluation of hearing impairment. In clinical practice
it is important to have robust, reliable, and easy to use test equipment to perform the measurements.
An ASSR recording algorithm was implemented on a battery powered handheld device which allows
flexible hearing threshold determination in various clinical environmental conditions. For eliciting ASSRs
multiple narrow-band chirp stimuli (up to 4 in each ear, binaural stimulation) are presented to the ear
with slightly jittered stimulus repetition rates (random change) to get maximum response amplitudes
and resistance to interference. Multiple-frequency ASSRs are analyzed (i.e. averaged and detected)
independently from each other to allow a stimulus paradigm which adapts quickly to the subject’s
individual hearing loss.
In a preliminary study the ASSR system was evaluated in adults with normal hearing and adults with
sensorineural hearing loss. ASSR thresholds were determined at four frequencies at 500 Hz, 1 kHz, 2
kHz, and 4 kHz. Threshold differences between behavioral hearing thresholds and 40-Hz-ASSR
thresholds ranged between -8 and 15 dB. Mean test duration was 22 minutes to estimate four
thresholds in both ears. The results indicate the efficiency of the algorithm implemented on a mobile
hand held device.
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Brainstem Frequency–Following Responses: Brainstem Correlates of Spatial
Processing
Rouhbakhsh, N.1,2,3,4, Van Dun, B.2,3, Dillon, H.3, Buchholz, J.2,3,5, and Krishnan, A.6
1

Hearing Cooperative Research Centre (HEARing CRC), Melbourne, Australia
The University of Melbourne, Melbourne, Australia
3
National Acoustic Laboratories (NAL), Sydney, Australia
4
Tehran University of Medical Sciences (TUMS), Tehran, Iran
5
Department of Linguistics, Macquarie University, Sydney, Australia
6
Department of Speech, Language and Hearing Sciences, Purdue University, USA
2

Background: In complex auditory circumstances, spatial cues play an important role in improving
recognition of speech stimuli. Spatial processing is the determination of sound sources in an auditory
space utilizing timing, loudness, and spectral cues. This ability allows us to perform ‘spatial separation’,
i.e. to separate target sounds from background noise. When individuals lack this ability, i.e. have spatial
processing disorder, an objective test would possibly aid in earlier detection of this disorder.
Aims: We examined the effect of spatial separation on the brainstem by means of Frequency Following
Responses (FFRs) using target speech stimuli along with co-located and separated two-discourse onetalker babble, and the effect of attention.
Methods: FFRs were recorded from fifteen normal hearing subjects (≤ 20 dB HL in 125-4000 Hz) in
response to a target (vowel /u/ of 250 ms presented diotically at 0 degrees azimuth) in the presence of
co-located maskers (one-talker two-babble discourse at 0 degrees azimuth) and spatially separated
maskers (+/- 90 degrees azimuth). Target level was set at 60 dB SPL with maskers presented at -5, 0,
and 5 dB SNR. To keep the participant’s attention, deviants were randomly introduced (8 dB SPL drop)
which the subject had to respond to by pushing a button. Two channel EEG (one, Fp-C7; two: FpM1&M2) was recorded. The rate of stimuli was 2.85/s and the data was filtered between 50 and 3000
Hz. An analysis window of 270 ms and a bin width analysis of 5 Hz were applied.
Results: The results showed a significant amplitude increase of the F0 component for the spatially
separated masker (re. co-located masker condition) at -5 dB SNR only. There was a significant effect of
attention on all FFR component amplitudes (F0, 3F0 and F1) we investigated. No interaction effect
between attention and spatial separation was found.
Conclusions: Binaural processing relevant to spatial separation may be reflected in the brainstem
suggesting that spatial processing typically starts early in the central auditory nerve system, regardless
of one attending to the target stimuli. Spatial separation is suggested to be most pronounced in
relatively challenging listening environments as the effects were statistically significant at -5 dB SNR
only.
This research was financially supported by Ministry of Health and Medical Education (MHME), Iran, and
the HEARing CRC established and supported under the Australian Government’s Cooperative
Research Centers Program and conducted on at National Acoustic Laboratories (NAL).
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Measuring Frequency Dynamics of Cervical Vestibular Myogenic Potential can
Help Diagnose Meniere’s Disease
Seo, T.
Department of Otolaryngology, Osaka Central Hospital, Osaka, Japan
Background: Some investigators have reported that the frequency dynamics of cervical vestibular
myogenic potential (cVEMP) in patients with Meniere’s disease shifts to a higher range than that in
normal subjects. Measurement of these responses at different frequencies is required to obtain an
accurate dynamic response. Tuning curve of VEMP should be drawn from only few responses to avoid
muscular fatigue caused by recurrent measuring. Spline interpolation is a method of constructing
smooth curve using a discrete set of few data points. The term spline is derived from a flexible ruler that
is used to draw curved lines. The purpose of this study was to clarify the clinical usefulness of cVEMP
in the diagnosis of Meniere’s disease.
Material and methods: Thirteen patients with Meniere’s disease and age- and sex-matched normal
healthy volunteers were recruited. The subjects and the controls underwent measurement of the p13n23 amplitude at 7 different frequencies: 250, 500, 700, 1000, 1500, 2000, and 4000 Hz. The peak
frequency was obtained from the spline-interpolated tuning curve, which was drawn using the collected
data.
Results: The peak frequencies for Meniere’s disease and normal subject were 679 ± 256 and 1118 ±
465 Hz, respectively, which were significantly different between the 2 groups (P = .00885).
Discussion: At the cutoff value of 900 Hz, the sensitivity was 69.2% and the specificity was 92.3%.
Measuring the frequency dynamics of cVEMP may be clinically useful in the diagnosis of Meniere’s
disease.
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The effect of short term training on processing of speech prosody in adults with
cochlear implants: cortical auditory evoked potentials study: A pilot study
Sharma, M.1, Purdy, S.C.2, Barlow, N.2, Narne, V.3, and Giles, E.2
1

Macquarie University & Hearing CRC, Sydney, Australia
University of Auckland, New Zealand
3
All India Institute of Speech and Hearing, India
2

The presentation aims to discuss the effectiveness of short term training in adults with cochlear
implants. Six unilateral cochlear implant (CI) users (23-60 years) participated in the study. All
participants had used their CI for at least 2 years at the time of testing. Natural speech tokens /baba/
with varying stress spoken by an Australian female was used to elicit the CAEPs. There were three
speech tokens, one with equal stress on both syllables /baba/, another with stress on the first syllable
/BAba/, and the third had stress on the second syllable /baBA/. The three tokens were presented in
random order with an inter-stimulus interval of 1000-1500 ms. Speech tokens were presented via a
loudspeaker placed at 0 degrees azimuth, in quiet and in noise (8-speaker talker babble). The babble
was presented at 70 dB SPL and the equal stress /baba/ was presented at 75 dB SPL (+5 dB SNR).
Six CI participants took part then in the 7 hr training study. The participants were tested three times
before the training and once after the training. N1 amplitude was significantly bigger post training and
there was a significant change in the speech scores and the participants thought the training was
helpful.
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Vestibular Electrical Compound Action Potentials Following Chemical
Labyrinthectomy
Shepherd, S.1AB,2, Nowak, A.1B,2, Ling, L. 1B,2, Nie, K. 1B, Phillips, C. 1B,2, Kaneko, C.R. 1,2, Rubinstein, J.
1B,1D
, and Phillips, J.O. 1B,2
A

Speech and Hearing Sciences, B Otolaryngology – HNS, C Physiology and Biophysics,
D
Bioengineering, 1 University of Washington, Seattle, WA; 2 Washington National
Primate Research Center, Seattle, WA
Background: Implantable prostheses are currently being developed to treat a variety of vestibular
disorders, from Meniere’s Disease to bilateral vestibulopathy, using electrical stimulation to the
vestibular nerve. The integrity of the vestibular nerve and stimulating electrodes are critical to
generating electrically-evoked eye movements effectively. An objective and reliable measure of these
characteristics would provide an important tool for device development and potentially device
monitoring and programming. Our group has developed an implantable vestibular neurostimulator
based on cochlear implant technology. The electrical compound action potential was adapted for use in
our prosthesis (vECAP). The current study aims to characterize the vECAP gathered from subjects
following damage to peripheral vestibular sensory cells.
Methods: Two adult rhesus macaque (Macaca mulatta), previously implanted with the University of
Washington Vestibular Neurostimulator, were injected intratympanically with gentamicin to induce
unilateral peripheral vestibular hypofunction. vECAPs were collected prior to and following the
injections over the course of up to 7 months. Impedance measures from the implanted device were
collected immediately prior to each vECAP collection. ABR were collected at intervals to monitor
auditory function prior to and following chemical labyrinthectomy.
Results: vECAP thresholds increased and amplitudes decreased following gentamicin injections in both
subjects. Impedances remained stable throughout the experimental period. ABR testing revealed no
change in auditory function following gentamicin injections.
Conclusion: Decreased vECAP amplitudes and increased thresholds following gentamicin suggest
degeneration of vestibular ganglion cells. If the vECAP is indeed generated primarily through the
synchronous responses of multiple vestibular ganglion cells, degeneration of the response following
chemical ablation suggests damage to the ganglion cells. The vECAP was a unique tool for device
monitoring and vestibular nerve integrity assessment during our trial and was indicative of progression
of gentamicin-induced labyrinthectomy. Stable impedance measures suggest the electrodes remained
intact in the ampullae.
Financial support: NIDCD Neural Prosthesis Development Program (HHS-N-260-2006-00005-C);
NCRR ITHS Ignition Award (RR00166); Wallace H. Coulter Foundation; Cochlear Corporation.
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Can ipsilateral/contralateral asymmetries in infant bone-conduction auditory
steady-state responses be used to isolate the test ear?
Small, S.A. and Love, A.
University of British Columbia, Vancouver, BC, Canada
Objective: To investigate ipsilateral/contralateral asymmetries in auditory steady-state responses
(ASSRs) elicited to bone-conduction (BC) stimuli in a large group of infants to determine their clinical
utility for isolation of the test ear.
Study Sample and Design: Forty-eight adults and 49 infants with normal hearing participated. A
retrospective analysis of two-channel BC ASSRs from multiple data sets was conducted. Stimuli were
BC sinusoidal tones (carrier frequencies: 500, 1000, 2000, and 4000 Hz; modulation rate 77-101 Hz)
presented at -10 to 45 dB HL. Mean amplitude and phase delay, and occurrence of
ipsilateral/contralateral asymmetries in amplitude and phase delay (amplitude: contra ≤90% of ipsi;
phase delay: contra ≥1.6 msec later than ipsi) were compared between groups and across
frequency/intensity conditions.
Results: Overall, infants had substantially smaller mean amplitudes and longer mean phase delays in
the contralateral versus ipsilateral channel at all frequencies compared to adults. Asymmetries occurred
more frequently for infants than for adults at all frequencies when using either amplitude or phase delay
criteria independently. The presence of asymmetries in infants reached 90% for only 2/9 conditions for
amplitude (500 & 4000 Hz) and 2/9 conditions for phase (500 & 4000 Hz) for intensities ≥ 20 dB HL.
Conclusion: There are maturational differences in ipsilateral/contralateral asymmetries of BC ASSRs,
with infants showing larger differences in amplitude and phase between EEG channels than adults,
similar to a previous ASSR study from our laboratory, and similar to two-channel BC ABR recordings.
However, the occurrence of ipsilateral/contralateral asymmetries for BC ASSRS is less than 90% for
most frequency and intensity conditions which limits its clinical utility. These findings for a large group of
infants support the conclusion that the use of clinical masking is needed to identify the responding
cochlea when using ASSRs to estimate BC thresholds in infants.
NSERC Discovery Grant to S.A. Small
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Automatic Quality Assessment and Response Detection of Auditory Evoked
Potentials based on Response Tracking
1

1

1

1
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Valderrama, J. T. , Morales, J. M. , Alvarez, I. , de la Torre, A. , Segura, J. C. ,
2,3
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Sainz, M. , and Vargas, J. L.
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Department of Signal Theory, Telematics and Communications, CITIC-UGR, University of
Granada. Granada, Spain
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3
Department of Surgery and its Specialties, University of Granada. Granada, Spain.
Background: Most of the hospitals and clinics worldwide use subjective (visual) methodologies for
detecting auditory evoked potential (AEP) responses. These techniques can be based on (a) response
judgment by one or multiple evaluators, (b) response replication, and (c) response tracking, which
analyzes the changes on the morphology of auditory responses according to gradual modifications of
any stimulation setting (i.e., intensity level, stimulation rate, etc.). Objective (automated) detection
methods remove the need of subjective interpretations, reduce human errors, and ensure consistency
among patients, recording conditions and screening personnel. The use of automated response
detection methodologies is being promoted to help the operator interpretation and the human decision
making.
Aims: The present work describes and evaluates a novel technique that automatically evaluates the
quality and detects AEPs based on response tracking.
Methods: The fundamentals and the mathematical procedure of the aforementioned technique are
described. A set of auditory brainstem response (ABR) signals obtained at stimulation intensity levels
ranging from 5 to 80 dBnHL (in 5 dB steps) were recorded from 2 normal hearing adults. An additional
set of responses with no stimulation provided were recorded from each subject, thus no auditory
response could be detected in those recordings.
Results: The sets of ABR signals were correctly categorized according to the presence or absence of
response applying this methodology. In addition, this methodology modeled the shift of the response
determined by the stimulation intensity.
Conclusions and Significance: The described technique implements for the first time an auditory
response detection algorithm based on response tracking. The encouraging results of this study
suggest that the described methodology can be appropriate for automatically assessing the quality and
detecting auditory responses. Moreover, we believe that the use of the described technique along with
other automatic methodologies could improve significantly the accuracy in automatic response
detection.
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Auditory Middle Latency Responses recorded at High Stimulation Rates using
Randomized Stimulation and Averaging
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Sainz, M. , and Vargas, J.L.
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Department of Surgery and its Specialties, University of Granada. Granada, Spain
Background: Auditory middle latency responses (AMLRs) are commonly used for the assessment of
the auditory pathway above the level of the brainstem. The recording of these signals at high
stimulation rates may help study neural adaptation and reduce test time. The recently developed
randomized stimulation and averaging (RSA) methodology allows the recording of auditory evoked
potentials (AEPs) at high stimulation rates using jittered stimuli whose interstimulus interval varies
randomly with a uniform probability distribution.
Aims: The present study analyzes AMLRs obtained with RSA at different stimulation rates.
Methods: AMLRs were obtained from four normal hearing adults using the RSA technique at the mean
stimulation rates of 8, 20, 40, 67, 100, and 125 Hz. A jitter of 16 ms was used in all stimulation
sequences. Ipsilateral stimulation was provided by short duration clicks at an intensity level of 70
dBnHL.
Results: The components V, Na, Pa, Nb, and Pb could be recorded in all subjects at all stimulation
rates. The latencies of these components and the peak-to-peak amplitudes P a (Na - Pa) and Pb (Nb Pb) are consistent with previous literature. The amplitudes of the Pa and Pb components reach a
maximum value at 40 Hz, which is in accordance with the phenomenon 40-Hz event related potential
described by Galambos in 1981.
Conclusions and Significance: The results of this study suggest that the RSA technique could be used
to obtain AMLRs at high stimulation rates. In comparison with other related methodologies that allow
the recording of AEPs at high stimulation rates, RSA provides an immediate mechanism for generating
stimulation sequences, the distribution of the jitter can be easily controlled, and allows a separate
processing of auditory responses. These advantages could be useful in certain research applications,
such as analyzing the underlying mechanisms of neural adaptation and habituation.
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Deconvolution of Overlapping Responses and Frequency Domain-based Artifact
Rejection Methods Using Randomized Stimulation
Valderrama, J. T.1, de la Torre, A.1, Alvarez, I.1, Segura, J. C.1, Sainz, M.2,3, and Vargas, J. L.2
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Background: Most of the techniques that allow the recording of overlapping auditory evoked potentials
(AEPs) use different methods of deconvolution. The stimulation sequences of these techniques are
composed of a stimulation pattern that is repeated periodically. This stimulation pattern must
accomplish several frequency-domain constraints in order to achieve deconvolution efficiently, which
makes the choice of the stimulation pattern a difficult task. On the other hand, the randomized
stimulation and averaging (RSA) technique allows the recording of AEPs at high stimulation rates using
stimulation sequences that only require the accomplishment of a minimum jitter, which facilitates the
stimulation sequences generation. However, RSA proceeds by averaging the auditory responses in the
time-domain, thus no deconvolution is achieved.
Aims: The present study describes a deconvolution approach for randomized stimulation sequences
and artifact rejection techniques to be applied in the frequency domain.
Methods: This work describes the underlying principles and the mathematical procedure of the
deconvolution approach for randomized stimulation and specific artifact rejection techniques for the
frequency domain. The performance of the described methodologies is evaluated by analyzing auditory
brainstem responses (ABRs) recorded from 5 normal hearing adults using randomized stimulation
sequences with mean stimulation rates of 44, 54, 69, 80, 118, 154, and 222 Hz.
Results: The morphology, the features of the most important components of the deconvolved ABRs,
and the waveform shift as a function of stimulation rate are in accordance with previous literature. In
addition, the use of artifact rejection techniques in the frequency domain improves significantly the
quality of the responses.
Conclusion and significance: The deconvolution approach for randomized stimulation introduced in this
study seems to be an efficient tool for obtaining reliable ABRs. This methodology allows the
deconvolution of overlapping ABRs with stimulation sequences whose only constraint is a minimum
jitter.
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Eight Categories of Clinical Applications using Cortical Auditory Evoked
Potentials Originating from the Australian Hearing Network
Van Dun, B.1,2, Carter, L.1,2, Berry, K.G.1,2, Raley, S.1,2,3, Gillies, K.1,3,
King, A.1,3, and Dillon, H.1,2,3
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Cortical auditory evoked potentials (CAEPs) have been used for about three years now in the clinical
network of Australian Hearing, a government-funded organisation for providing hearing services to all
children under the age of 26 years at no cost to families. Based on our experiences in the Australian
Hearing network, eight categories have been identified where CAEPs are useful in a clinical
environment: 1) for guidance and optimisation of the management of hearing impaired infants; 2) for
parent support, education, and acceptance of hearing loss or aided benefit; 3) as an influence on the
decision regarding cochlear implantation; 4) for the management of clients with complex needs; 5) in
the case of suspected unaided ability; 6) when dealing with children with auditory neuropathy spectrum
disorder; 7) to assist with cases of cortical deafness or non-organic hearing loss; 8) to determine
hearing thresholds in adults. Several case studies will be discussed relating to these categories. The
results of an anonymous online survey conducted in a number of Australian Hearing centres and other
clinical settings will be presented briefly. Our general experience is that CAEPs are a valuable clinical
tool in an paediatric environment or when testing older children or adults who cannot provide reliable
feedback.
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Behavioural and Electrophysiological Detection of Speech Sounds in Noise by
Normal-Hearing Infants Using Visual Reinforcement Orientation Audiometry and
Cortical Auditory Evoked Potentials
Van Dun, B.1,2, Stafford, R.1,3, and Raley, S.1,2,4
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A number of studies have examined the effects of background noise on the neural encoding of speech
at the level of the cortex in adults and children, but we are not aware of any studies that involve cortical
auditory evoked potentials (CAEPs) in noise with infants. This information however would increase our
understanding of how their auditory systems process speech in a noisy environment. We investigated
the detection of short (30 ms) speech sounds /m/ and /t/ behaviourally and electrophysiologically in
noise by normal-hearing infants.
Eleven normal-hearing infants aged 7 to 35 months were assessed behaviourally using visual
reinforcement orientation audiometry (VROA) to determine their minimum response levels (MRLs) in a
background ILTASS noise of 55 dB SPL. Both speech sounds and noise were presented through a
loudspeaker in free field. CAEPs were then recorded in response to 200 same speech sounds
presented at 5, 15, and 25 dB relative to MRL in identical background noise.
The mean behavioural MRLs for /m/ and /t/ were 56 and 39 dB SPL, respectively. Significant
relationships were found between presentation level relative to MRL and infant CAEP P1-N1
amplitudes. The 50% sensitivity point (i.e. the number of detected CAEPs versus the number of nondetected CAEPs when presenting above the subject’s MRL) was 18 dB re MRL. Similar to our
observations in hearing impaired infants in quiet, there were also non-detected CAEPs at high levels
above their MRL in normal-hearing infants in noise.
Results largely reflect those of older children and adults as predicted. There is potential for using
normal-hearing infants in noise to simulate hearing losses, instead of hearing-impaired infants, however
further investigation is required.
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Lateralization of Low-rate ASSR in Young Children
Vanvooren, S. 1,2, Poelmans, H. 1,2, Hofmann, M. 1, Ghesquière, P. 2, and Wouters, J. 1
1
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In ongoing speech the amplitude modulations (AM) to low rates (<40Hz) are crucial cues for
intelligibility. Especially AM around 4 and 20Hz are very important, since they correspond to the rate at
which syllables (~250ms) and phonemes (~50ms) respectively appear in speech. Theories about
speech perception assume that there is a functional preference for the processing of different
modulation rates in the two hemispheres. A recent Auditory Steady-State Responses (ASSR) study in
adults showed right lateralized processing of syllable rate modulations and ipsilateral sensitivity to
phoneme rate modulations. Furthermore, a link between ASSRs to these low rates and speech
perception skills has been found. Yet, little is known about neural sensitivities to these important AM in
young children.
In the present study, AM processing is investigated in a group of 87 four-year-olds. ASSR are recorded
with a 64 electrode configuration. Stimuli consist of speech-weighted noise amplitude-modulated at 4,
20 or 80Hz and are presented monaurally to the right ear. ASSR to 4 and 20Hz modulations can
provide unique information about neural sensitivities for syllable and phoneme rates.
Response strength as well as laterality indices show a significant lateralization of 4 and 80Hz
responses to the right in preschoolers. In contrast, symmetric processing of 20Hz responses is found.
Furthermore, a better phoneme-in-noise perception is related to a more right lateralized ASSR at 20Hz
phoneme rate.
These results show that right hemispheric lateralization to the 4Hz syllable rate is already present in
young children. On the other hand, responses to phoneme rate modulations are processed
symmetrically, in contrast to the ipsilateral processing that is found in adults. Subsequently, the current
findings may reflect maturational or functional differences on phoneme level processing between
preschoolers and adults. In addition, a link between low-rate ASSR and speech understanding seems
already to be present in children at kindergarten age.
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A Comparison of Click and Rising-Frequency Chirp ABR Stimuli in Infants
Velenovsky, D.S.
University of Arizona, Tucson, AZ
To ensure a good signal-to-noise ratio while recording auditory brainstem responses (ABR), it is best
that the subject be asleep, or at least still. Often, infants do not remain quiescent while recording ABRs,
resulting in the need for further testing. This may delay both diagnosis of a hearing loss and the
initiation of critical intervention. When accurate results cannot be obtained in conventional natural sleep
conditions, a sedated ABR may be scheduled. Sedated ABRs are more costly, requiring operating
room time, and an anesthesiologist, as well as the audiologist, not to mention added risk to the child
and concern of the parents. Our research focus is to determine if there is an advantage in using an
optimized stimulus, a Rising Frequency Chirp (RF Chirp) for recording ABRs in non-sedated infants.
The RF Chirp stimulus is designed to produce simultaneous displacement of the cochlear partition by
compensating for frequency dependent response time differences in order to generate a more
synchronous neural response at all stimulus levels. Fifteen infants with uneventful births and no high
risk factors (age range 8-40 weeks) were recruited. Ipsilateral ABR recordings to both clicks and risingfrequency chirps were obtained from the right ear. Beginning at 70 dB ppe SPL, levels were reduced in
10 dB steps until no response was seen. Results revealed that the RF Chirp stimuli generated a larger
wave-V response amplitude than click stimuli at all levels save for those approaching threshold. The
more robust whole nerve action potential conferred by the RF chirp gives this stimulus an advantage in
any application where a click stimulus is typically employed and makes it particularly useful for
threshold estimation by ABR in natural sleep conditions.
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Electrocochleography (ECoG) findings in cochlear implanted children with
Auditory Synaptopathy/Neuropathy (AS/AN)
Walger M., Foerst A., Streicher B., Lang-Roth R., Beutner D., and Stuermer K.J.
ENT University Clinic of Cologne, Germany
Auditory Synaptopathy/Neuropathy (AS/AN) is characterized by the presence of otoacoustic emissions
(OAE), cochlear microphonics (CM), absent or abnormally changed auditory brainstem responses
(ABR), variable pure tone thresholds and mostly an unexpected poor speech perception. In these
patients Electrocochleography (ECoG) is the most sensitive diagnostic tool to analyse pathological
changes of pre- and postsynaptic processes within the cochlea.
Retrospectively we analysed the transtympanic recorded potentials in 18 children with sensorineural
hearing loss (SNHL), half of them with suspicion of AS/AN. These 9 children aged from 0.5 to 12 years
exhibited the typical findings with OAE´s and CM´s present and abnormally changed or absent ABR´s.
We compared the thresholds of ABR´s, CM and compound action potentials (CAP) as well as the
latencies and amplitudes of the CAP and the summating potentials (SP) in both groups with and without
AS/AN. Speech development of all children were scored on the basis of a 4 step scale with the
following categories: (1) perception, (2) discrimination, (3) identification and (4) comprehension.
In children with AS/AN the CAP- amplitudes were similar or even smaller when compared to the SP
(CAP/SP ratio < 1). The CAP-amplitudes were 3.5x higher in children without any signs of AS/AN and
the CM thresholds were lower in the AS/AN group. The presence of CMs and significant difference
between CM-thresholds and the ABR- and/or CAP-thresholds seems to be an important diagnostic
criterion for the characterization of AS/AN: If the amplitude ratio between CAP and SP falls below 1 it
seems to be a strong hint to AS/AN. Speech development scores were lower for AS/AN children (2.4)
compared to the matched group (3.2) and there seems to be a correlation between the CAP/SP
amplitude ratio and the outcome of speech development. Our results underline the importance of ECoG
for the diagnosis of AS/AN in children.
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Frequency specific threshold estimation in children with band-limited chirps
Walger, M.1, Foerst, A.1, Lang-Roth, R.1, Bohnert, A.2, Plotz, K.3, Schmidt, C.4,
Wiesner, T.5, and Baljić, I.6
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The frequency specific assessment of auditory thresholds is an important basis for an optimal fitting of
hearing aids in the pediatric population. Beside the multiple frequency ASSR or tone-burst ABR the use
of band-limited chirps may be a promising approach. These chirps lead to a maximal synchronisation of
afferent nerve fibres within a limited frequency range and therefore a better signal to noise ratio of the
ABR (wave V) can be expected.
In a multicenter study we used band-limited chirps with center frequencies at 500 Hz (low-chirp) and 2
kHz (middle-chirp) together with Clicks as the gold-standard in 130 children (260 ears) aged from 0 to 7
years. Together with the low chirps a stimulus level dependent high pass masker was delivered to
ensure that only the 500 Hz region is activated. In more than 90% of the children ABR recordings were
performed under general anaesthesia after paracentesis and insertion of ventilation tubes. Basically we
were able to detect the ABR wave V down to 0 dB HL with less than 1000 averages and for a total of 6
threshold estimations the examination time was 55 min including preparation time. If we concentrate
only on 2 frequencies for each ear, for example Click and low-chirp, the total examination time can
further be decreased below 30 minutes.
We found the best correlation between Click- and middle-chirp thresholds as expected. Low-chirp
thresholds show the best correlation to the subjective bone-conduction thresholds at 500 Hz in normal
hearing children above 2 years of age. In general, chirp-evoked ABR´s can be easily implemented in
test protocols for the assessment of frequency specific thresholds and a further reduction of test time
could be reached with a combination of chirps (multiple chirp ABR).
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Rapid Electrophysiological Assessment in Infants: Analysis of Paired-Stimuli
Sequences Using Deconvolved Overlapping Cortical Auditory Evoked
Responses
Bardy, F., Turner L., Van Dun, B., McMahon, C., and Dillon, H.
National Acoustic Laboratories, Sydney, Australia
The objective of the current study is to investigate an alternative method of recording cortical auditory
evoked potentials (CAEPs) in infants using pairs of rapidly presented stimuli and the Least Squares (LS)
deconvolution technique to disentangle overlapped responses.
Participants were 10 normally hearing infants (6 female, 4 male) between the ages of 5 – 21 months.
CAEP recordings were performed with a pair of complex tone stimuli presented through insert
earphones at 65dB SPL adult equivalent in three inter-stimulus interval (ISI) ranges. Pairs of stimuli
were presented with ISI jittered around 70, 140 and 210 ms and an inter-pair interval jittered around
1600 ms.
Deconvolved CAEP responses showed a characteristic morphological maturation from a largely broad
infantile positivity, to a more biphasic response, with an increasing negative component in the older
children. Maturation was also evident across latency and to some degree reflected in amplitude.
Decreasing P1 latency was observed with an increase in age of the infant (p<0.01). These findings
confirm the LS deconvolution technique can disentangle the overlapping CAEP responses in an
accurate and reliable way.
The ability to decode fast rate stimuli has been shown to be predictive of later language skill. Therefore
CAEP responses to rapidly presented stimuli may assist future assessment methods, detection and
early intervention for those children identified at risk of experiencing auditory processing or language
delays.
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Investigation of Auditory Encoding and the Use of Auditory Feedback During
Speech Production
Beamish, L.1,3, and Purcell, D.2,3
1

Graduate Program in Neuroscience, 2 School of Communication Sciences & Disorders
National Centre for Audiology, Faculty of Health Sciences, University of Western Ontario
London, Ontario, Canada. N6G 1H1l

3

Background: Individuals have been found to vary substantially in their use of auditory feedback in
response to real-time perturbations (Purcell & Munhall, 2006). Incoming auditory information is encoded
by both the peripheral and central auditory systems; however the extent to which this encoding
influences how we use auditory feedback to guide production is not well understood.
Aims: To investigate whether brainstem encoding of vowels, measured with frequency following
responses (FFRs) and envelope following responses (EFRs), plays a role in the use of auditory
feedback to correct speech production.
Materials and methods: Thirty-nine (25 female) healthy, normal hearing adults (age 17-29, mean: 22
yrs, SD: 3.35) completed a speech manipulation paradigm in which their first formant (F1) of the vowel
/ε/ as in “head” was shifted upwards in frequency towards an /æ/–like vowel in real-time. Following this
manipulation, the human FFR and EFR were used to measure neuronal activity in the brainstem.
Participants’ utterances of the word “head” and the F1 manipulated versions, as well as those from a
prototypical talker, were used to elicit the evoked responses.
Results: Group speech production data revealed that F1 production changed to oppose the
manipulation. The absolute EFR amplitude elicited by /ε/ and /æ/, the change in EFR amplitude
between /ε/ and /æ/, and the vector change from /ε/ to /æ/ based on EFR amplitude and phase were
evaluated. The same measures were also evaluated for the FFR for the speech harmonic nearest F1.
No reliable relationship was found between speech compensation and these evoked response
measures.
Conclusions: Results indicate that differences in brainstem encoding of vowels does not appear to be
responsible for the variability observed in speech production responses. Further investigation to
determine the roles of cortical auditory processing and speech motor control is necessary to elucidate
this complex relationship between speech perception and production.
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A New Method for Analysis and Visualization of the Transient Evoked
Otoacoustic Emissions Fine Temporal Structure
Belov, O.A., Alexeeva, N.N., and Tavartkiladze, G.A.
National Research Center for Audiology and Hearing Rehabilitation, Moscow, Russia.
The visualization of the transient evoked otoacoustic emissions (TEOAE) both as a frequency spectrum
and on a time line does not provide the information about its fine temporal structure. The spectrograms
as well as wavelet transforms provide smoothed image with a lot of artifacts. On the other hand we
have reasons to suppose that TEOAE signals mainly consist of tonal components having complex and
fast changing envelopes but relatively stable frequencies. The method for decomposition of the data
series to the appropriate set of components was developed. The method was inspired by the report of
Chris James from Cochlear Europe on symposium “Sound processing and beyond”, Amsterdam, Sept.
2012. In this report a combination of two sets of FFT transforms was proposed for the analysis of
speech signals. In our approach we use 3 sets of FFT transforms combined by fuzzy logic, Prony
method applied to narrow bands for frequency refining, least squares method for amplitude estimation
and final reordering of results for simplification of further data processing. It was found, that the
proposed method can be used not only for a clear representation of temporal structure, but also for
classification of components by its nonlinear behavior and by reproducibility.
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Influence of Temporal and Spectral Characteristics of Elicitors on the Human
Medial Olivocochlear Reflex
Boothalingam, S.1,2, Purcell, D.1,3, and Scollie, S.1,3
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Background: It is well known that activation of the medial olivocochlear system (MOC) causes an
inhibition of cochlear amplification. This can be measured using otoacoustic emissions (OAEs).
Functional frequency specificity of MOC has been studied with elicitors of varying spectral bandwidth
and is now relatively well understood. However, temporal characteristics and real life benefit from MOC
are still unclear.
Aims: Experiment 1 has the purpose of understanding how the MOC may work in real life situations and
to determine the effectiveness of temporally amplitude modulated elicitors in eliciting MOC activity.
Experiment 2 has the purpose of determining if amplitude modulated (AM) broadband noise (BBN)
produces larger MOC inhibition for tonebursts presented at 50 Hz.
Methods: We measured MOC inhibition of tone-burst (50 dB peSPL, 1 and 2 kHz) and stimulusfrequency (40 dB SPL, 0.96 to 1.92 kHz) OAEs for three elicitor conditions: BBN, AM-BBN (100 Hz
modulation frequency and 100% depth), and 4-talker speech babble in 22 normal hearing adults.
Elicitor RMS amplitudes were matched to produce 60 dB SPL in an ear simulator.
Results: All elicitors caused significant reduction of both TB- and SF- OAE amplitude. BBN caused the
highest reduction followed by AM-BBN, in both experiments 1 and 2. Speech babble caused the least
inhibition in spite of possessing more energy around the 1 kHz region. This pattern is consistent across
frequencies, OAE types and tone-burst repetition rates (41.6 Hz and 50 Hz).
Conclusion: Our results suggest that the MOC is not especially sensitive to amplitude modulated
sounds. Consistent with recent literature, it appears that the MOC integrates spectral energy over a
wide frequency range rather than being frequency specific. Since speech babble produced the least
inhibition, BBN may overestimate the effect of the MOC system in some real life situations.
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Dose-dependent D-methionine Administration Significantly Reduces Permanent
Impulse Noise-Induced Hearing Loss (NIHL) in Chinchillas
Campbell, K., Meech, R., Fox, D., Hargrove, T., and Verhulst, S.
Background: In previous animal studies, D-methionine (D-met) demonstrated otoprotection from druginduced (cisplatin and aminoglycosides) and NIHL secondary to steady state noise exposures. In small
scale Phase 1 and 2 clinical trials, D-met also protected from radiation-induced oral mucositis and
cisplatin-induced hearing loss. D-met markedly reduced NIHL in animals when administered prior to
and during steady state noise exposures or when first started 1 to 7 hours after these noise exposures.
The purpose of this study is to determine the lowest D-met dose that is maximally effective in
preventing impulse noise-induced hearing loss with noise exposures analogous to repeated M16 rifle
fire. Currently we are preparing for clinical trials with the Department of Defense to prevent hearing
loss for impulse noise exposures. If D-met prevents or reduces impulse noise-induced hearing loss, it
could attenuate one of the most common reasons why soldiers incur permanent NIHL.
Methods: Cohorts comprised five groups of 3 year old male Chinchillas laniger with ten animals per
group. Groups received intraperitoneal injections of D-met at 0 (saline control), 25, 50, 100, or 200
mg/kg/dose every 12 hours beginning 2.5 days before and ending 2.5 days after noise exposure.
Animals were exposed to simulated M-16 weapon fire at 155 dB peak SPL (150 repetitions at 2/s). ABR
thresholds were tested at baseline and on post-noise exposure day 21. Left and right ear thresholds
were determined using tone-bursts centered at 2, 4, 6, 8, 14, and 20 kHz frequencies. Cochleae were
harvested after the 21 day ABR and percentage of remaining outer hair cells measured.
Results: Significant reduction in ABR threshold shift at p≤ 0.05 occurred at 8 and 20 kHz for 100 and
200 mg/kg/dose groups and at p≤ 0.01 for 14 kHz in the 100 mg/kg/dose group. Hair cell analyses are
consistent with ABR findings.
Conclusions: D-met can significantly reduce ABR threshold shift resulting from simulated M-16 weapon
fire over a range of auditory frequencies and D-met dosing levels. Currently the 100mg/kg dosing level
appears to be optimal. NIHL is the most common reason troops cannot be redeployed and decreases
survivability and lethality on the battlefield. Further the costs to the US military exceed over 2 billion
dollars per year for NIHL and associated tinnitus. This study suggests that we may be able to reduce
these disorders in our military populations.
Acknowledgement: Funding: DoD Army Research and Materiel Command, #11342008: We thank
Simon Martin, Danielle Hummel for data collection.
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Envelope Following Responses (EFRs) Using Modified Speech Stimuli for
Hearing Aid Validation
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1

National Centre for Audiology, Western University, London, Ontario, Canada
Health and Rehabilitation Sciences Graduate Program (Hearing Science field), Western University,
London, Ontario, Canada
3
School of Communication Sciences and Disorders, Western University, London, Ontario, Canada
4
School of Human Communication Disorders & Department of Surgery and Department of Psychology
& Neuroscience, Dalhousie University, Halifax, Nova Scotia, Canada.
5
Samsung Advanced Institute of Technology, Samsung Electronics
2

Background: The use of an objective test for validation of hearing aid fittings in young infants has
gained interest in recent years. Envelope following responses (EFRs) may be favorable for this purpose
as they enable the use of speech stimuli (vowels) in contexts similar to running speech. Such stimuli
are likely to be suitable for accurate representation of hearing aid function. Additionally, these stimuli
may be conducive to modifications that maximize frequency specificity and representation of bandwidth
information.
Aims: To create and validate a stimulus for eliciting EFRs from specific spectral regions of speech
sounds that span a broad bandwidth of speech.
Methods: Naturally spoken tokens /susashi/ (male and female) were modified so that individual EFRs
from different spectral regions could be obtained. This was achieved for the vowels by selectively
lowering the pitch of the spectrum containing the first formant (F1) while maintaining the original pitch in
the regions of second formant and higher (F2+). This was achieved for fricatives by amplitude
modulating the fricatives at 93 Hz. The stimulus elicits a maximum of eight possible EFRs per talker (six
vowel carriers and two fricatives) representing a wide range of frequencies. EFR elicitation was piloted
in five normal hearing adults using a 65 dB SPL stimulus level.
Results: EFRs to vowels showed an unexpected sensitivity to stimulus polarity. Therefore, a significant
outcome on the F-test in either stimulus polarity was considered a detection of that carrier. All eight
EFRs were detected in three of five participants for the male talker stimulus and one of five participants
for the female talker stimulus. Across stimuli, all carriers except for female F1 of /i/ and F2+ of /u/ were
detected in at least four of five participants.
Conclusion: Results suggest that EFRs elicited by the male talker stimulus may be useful for hearing
aid validation. Further investigation is required with the female stimulus.
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Do frequency specific chirps offer a quicker ABR assessment in newborns
compared to tone pips?
Ferm, I. 1, Lightfoot, G. 2,3, and Stevens, J. 2
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Background: Auditory brainstem response testing (ABR) using tone pips (short tone bursts) offer the
advantage of frequency specificity over broadband clicks but tone pip responses are typically only 70%
of the size of click responses, doubling collection time if we are to maintain the same signal to noise
ratio (SNR). Chirp stimuli maximise neural synchrony by anticipating the travelling wave delay of the
cochlea and this leads to a larger responses. Chirps can be designed to have a similar spectrum to a
click or a tone pip.
Aims: To evaluate the ABR amplitudes evoked by tone pip and narrowband chirp (NB CE-Chirp) stimuli
when testing post-screening newborns and to determine the difference in estimated hearing level
correction values.
Methods: Tests were performed with tone pips and NB CE-Chirps at 4 kHz or 1 kHz on 30 babies (42
ears) who passed our ABR discharge criterion at 4 kHz following referral from their newborn hearing
screen. The response amplitude, response quality (Fmp) and residual noise were compared for both
stimuli.
Results: Overall NB CE-Chirp responses were 64 % larger than the tone pip responses, closer to that
evoked by clicks. Fmp was significantly higher for NB CE-Chirps. The residual noise values were
comparable for both stimuli.
Conclusion: It is anticipated that there could be significant reductions in test time for the same signal to
noise ratio by using NB CE-Chirps when testing newborns. This effect may vary in practice and is likely
to be most beneficial for babies with low amplitude ABR responses. Our data suggests that ABR nHL
threshold to eHL corrections for NB CE-Chirps should be approximately 5 dB less than the
corresponding corrections for tone pips at 4 and 1 kHz.
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Low Frequency Bone Conduction ABR Stimulus Level Corrections in Babies.
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Background: The assessment of hearing threshold of babies and infants using frequency-specific air
conduction (AC) auditory brainstem response (ABR) techniques is now widespread. Where AC
thresholds are elevated, a priority is to determine whether the loss is of conductive or sensorineural
origin and this is most appropriately addressed by additionally performing bone conduction (BC) ABR
testing so that the air-bone gap can be estimated. Knowledge of the median age-related BC stimulus
level corrections for the test population is therefore needed prior to the calculation of the air-bone gap
and subsequent diagnostic interpretation.
Aims: To estimate bone conduction stimulus level corrections for ABR tone pips at 500 Hz and 1 kHz of
normally hearing newborns using a calibration reference level derived from ISO 389 values.
Methods: Bone conduction ABR tests were performed on 20 newborn hearing screening referrals (25
ears) who passed an ABR discharge criterion at 4 kHz. Tone pips were presented via supra-aural
earphones and a bone vibrator at 500 Hz or 1000 Hz. ABR thresholds from both transducers were
compared at each frequency.
Results: Median air and bone conduction ABR threshold differences were 30 dB at 500 Hz and 20 dB
at 1 kHz.
Conclusion: The 500 Hz data from this study and previous studies were combined to perform a metaanalysis. Previous studies suggested lower figures for the bone conduction stimulus level correction.
Likely sources of this discrepancy are discussed. The consensus 500 Hz bone conduction correction
value for infants <3 months old is about 25 dB. The correction for 1 kHz is 20 dB. We recommend that
calibration reference levels used in this study are adopted and that appropriate corrections be applied
to bone conduction ABR thresholds in infants < 3 months old before calculation of any air-bone gap and
subsequent clinical interpretation.
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More is More, But is More Always Better?
Fitzharris, K., and Jerger, J.
The University of Texas at Dallas
Background: In a typical experiment using Auditory Event-Related Potentials (AERPs), the number of
averaged epochs is largely governed by the available experimental time reasonable per subject. The
number of stimulus presentations in a two-condition experiment is governed by several factors, e.g.,
epoch length, interstimulus intervals, and, importantly, the length of time it is reasonable to expect
active participation from the participant. This means, in our lab, limiting the number of presentations to
50-60, of which 30-40 usable epochs remain after rejecting artifact-contaminated trials. How would
results be modified by averaging a larger number of epochs? There are potentially two factors working
in opposition. Increasing the number of epochs can be expected to improve the signal-to-noise-ratio of
AERPs, as in the case of exogenous potentials like the ABR. Influencing results in the other direction
would be the unavoidable adaptation to task/stimuli. To investigate this, we asked to what extent the
number of sweeps averaged influenced the difference in processing negativity (PN; negativity over the
latency range of 300-700ms) as we manipulated attention across listening tasks.
Methods: We collected AERPs to monosyllabic words at the beginning and end of short sentences in
20 young adults. Attention was manipulated across two tasks; each task contained 160 sentences.
AERPs were analyzed after consecutive presentation of trials relative to the PN component. Two-factor
repeated measures ANOVAs were used to evaluate differences in peak amplitude across the number
of epochs between experimental tasks (unforced- versus forced-attention).
Results and Conclusion: Differences between the numbers of epochs analyzed were apparent for both
the first and last words. The largest between-condition amplitude difference occurred within the first 40
epochs in both first and last word analyses. These results suggest that, at least in the case of
processing negativity, maximum effects are observed after 40 epochs have been averaged and decline
with further increase in epochs. These results imply substantial adaptation of the AERP to the cognitive
task, thus negating the value of extensive epochs in evaluation.
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Objective measure of spatial cues using cortical auditory evoked potentials
(CAEPs)
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The amplitude effects of cortical auditory evoked potentials (CAEPs) were examined using rare oddball
30° sound source shifts in location from several posterior +/- 90° azimuthal spatial locations in quiet and
in noise. The aim of the research was to determine if the CAEPs are sensitive to the change in spatial
location of sound in quiet and in noise. Normal hearing adult participants were required to actively
detect the speech stimulus /da/ when it deviated to speakers left and right of them at 30°, 60° and 90°
from a midline speaker. Significant mean effects of angle were observed on the P300 and MMN/N1
enhancement amplitudes in noise and quiet conditions. In the quiet condition the amplitude of the P300
and MMN/N1 enhancement was significantly reduced when the deviant stimulus was presented from
30° compared to 60° and 90°. An amplitude saturation effect became evident between 30° and 60° in
quiet. When noise was introduced the effect of angle from 30° than 60° was nullified and the effect of
angle was only noted at 30° to 90°. Additionally, there was a significant mean effect of side, at some
angles within the noise condition, where the stimulus presented from the left side elicited significantly
larger amplitude than when the stimulus was presented from the right side.

74

2013 IERASG, New Orleans

Recognition- and Imitation-mediated Response Demands in Dichotic Listening:
An ERP Study
Gibson, K.1,3, Martin, J.S.1, Workings, R.1, Fitzharris, K.L.1,
Cevette, M.J. 2, and Pradhan, G.N.3
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Background: The direction and magnitude of interaural asymmetry (IA) on dichotic listening (DL) tests is
regarded as an index of central auditory nervous system integrity and maturation. In clinical tests of
central auditory processing (CAP), an overt response is required and a right ear advantage (REA) is
typically observed; however, this response modality inherently involves non-auditory specific factors,
i.e., motor speech planning and working memory processes. Auditory Evoked Potentials (AEPs)
potentially allow for assessment of the REA and CAP without reliance on overt oral responses.
Previous research has shown the largest REA occurs with low familiarity words presented to the right
ear and high familiarity words presented to the left.
Aims: We examined whether response mode differentially alters the magnitude of IA during DL in
young adults with normal hearing sensitivity. Our hypothesis was that the IMI mode with a pseudo word
presented to the right ear would generate the greatest IA.
Methods: Two groups of 13 listeners participated in a DL divided-attention (non-forced) task that
differed by response modality, either imitation (IMI) or recognition (REC). Trials were constructed from
pairs of real words, pseudo words, or a real-pseudo combination. ERPs were collected over the left,
midline, and right scalp areas at frontal, centro-parietal and parietal regions. IA was assessed for the
real-pseudo pair trials, with the magnitude of IA as the difference between waveforms for pseudo word
presentation to the right versus the left.
Results: The IMI response mode differentially altered the observed IA magnitude at FC3 when the
pseudo word was presented to the right side (p < 0.0434).
Conclusions: The results suggest response modality may contribute to the amount of IA observed in
behavioral testing. The role of imitation versus recognition response modes for CAP disorders warrants
further research.
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Using Auditory Steady State Responses to Characterize CI Channel
Performance
Hofmann, M., Van Deun, L., Luke, R., Wieringen, A., and Wouters, J.
KU Leuven, Department of Neurosciences, ExpORL, Leuven, Country, Belgium
Cochlear implants (CIs) devices are mainly fitted by defining threshold and comfort levels based on the
perceived loudness for the patient. More advanced fitting paradigms based on performance would be
desirable but are not feasible within the time constraints of clinical practice. In this study, we aim to
develop objective methods based on electrically evoked auditory steady state responses (EASSRs)
that would allow for a better fitting, e.g. by identifying and deactivating CI channels with less optimal
signal transmission.EASSRs to amplitude modulated pulse trains have been recorded in 5 patients with
Cochlear Nucleus implants using a 64 channel BioSemi EEG system. Pulses were presented in bipolar
mode at 900 pps across three separate stimulation electrode pairs and amplitude modulated at 4,10,
20, 40 and 90 Hz. The influence of CI stimulation electrode on the EASSR amplitude, phase and SNR
of the EASSR was investigated.We were able to record EASSRs for low-frequency modulation
frequencies. Our initial analysis shows that response parameters such as amplitude and phase vary
across stimulation electrodes within the same patient. At the conference, we will present the
accumulated data and explore the implications of the inter-channel differences.
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Can cortical auditory evoked potentials indicate access to speech sounds when
wearing hearing aids with different processing strategies?
Ireland, K.1 and Bell, S.2
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Cortical auditory evoked potentials (CAEPs) have been proposed as a means for assessing hearing aid
benefit for babies born with deafness. There is limited published data systematically exploring the effect
on these potentials when evoked by different digital hearing aid processing strategies and in particular
by non linear frequency compression (nlfc) technology. The aim of the research was to investigate
1) Do different digital hearing aid strategies significantly change the CAEP compared to unaided?
2) Is there any significant difference in CAEPs recorded from three speech sounds?
CAEPs were recorded from 20 normally hearing adults (18-30years). Test sounds /m/, /g/, /t/ processed
in four hearing aid conditions (unaided, linear, wide dynamic range compression, nlfc) were presented
to the right ear via ER2 insert phones at 65dBnHL. Stimuli were 100ms length (including 20ms rise and
fall time) with a 3s inter stimulus interval. Signal-to-noise ratio was controlled. Test order was
randomised. Bootstrap analysis was used to objectively determine response presence from
background noise and data from 16 subjects was included in the statistical analysis of repeated
measures analysis of variance and paired-sample t-tests.
Results showed
Unaided amplitude was significantly larger than aided in all conditions.
1) Unaided latencies were significantly earlier than aided in the majority of conditions.
2) CAEPs evoked with nlfc active were not significantly different to those without.
3) Amplitude but not latency was significantly different between the speech sounds.
The results suggest there is an overall effect of aiding on CAEPs likely due to the delay,
compression characteristics and frequency shaping introduced by digital processing but the type of
hearing aid strategy does not have a significant effect on the cortical response. The morphology of the
CAEP response appears to predominantly follow the morphology of the stimulus envelope, except in
the case of /m/ and /t/ where tonotopic organisation of the auditory cortex is offered as a contributing
factor. These findings are important for interpreting results and will be used in an on-going paediatric
study.
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Influence of normative data on results of examinations by Stacked-ABR method
Śliwa, L.1,2, Kochanek, K.1,2., Piłka, A.1,2, Gołębiewski, M.3, Hatliński, G.4, and Skarżyński, H.1,2
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Stacked-ABR method has been known as a sensitive means for detecting retrocochlear pathologies,
especially small acoustic tumours. In this method, the parameter used as a criterion for distinguishing
between norm and pathology is peak-to-peak value of wave V in stacked ABR waveform. Variability of
wave V amplitude may influence the test result, and affect specificity and sensitivity of the method.
The aim of the study was (i) to assess variability and repeatability of Stacked-ABR amplitudes
measured in standard conditions in normal-hearing subjects, (ii) to determine normative values based
on actual distributions of Stacked-ABR amplitudes, and (iii) to compare sensitivity and specificity of the
method for two normative values of wave V amplitude: that given by the producer, and the one
determined experimentally.
The tests were carried out in a group of normal-hearing volunteer subjects, young men and women.
The subjects underwent otologic and radiologic examination prior to Stacked-ABR tests. The recordings
were repeated several times in each subject at random intervals. The system and software AEP NavPro v. 6.2.0 (BioLogic) was used, standard procedures were applied. Distributions for normal-hearing
population were determined, normative values were estimated. The results were then compared to
those obtained in a group of patients with confirmed retrocochlear pathologies.
A considerable variability of Stacked ABR amplitude was found, observed both intra- and
intersubjectively. Expected values of wave V amplitude for the norm departed significantly from those
recommended as a norm by the producer of the system. Application of newly determined normative
values lead to a meaningful increase in Stacked-ABR method specificity without significantly affecting
its sensitivity.
Further works are needed to validate criteria used in Stacked-ABR method taking into account a
greater population of patients with pathologies. In particular, it is purposeful to develop more realistic
normative values for interaural amplitude differences. Works should be continued to compare sensitivity
and specificity of Stacked-ABR method with those achieved in other ABR-based methods.
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Evaluation of repeatability of transiently-evoked otoacoustic emissions (TEOAE)
in young subjects
Kochanek, K.1,2, Puchacz, K.3, Jędrzejczak, W.W.1,2, Hatzopoulos, S.4,
Piłka, A.1,2, and Śliwa, L.1,2
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Transiently-evoked otoacoustic emissions have been widely used for newborn hearing screening.
However, hearing impairments are a growing problem in pre-school and schoolchildren. Large-scale
screening programs are being introduced in many countries, including Poland, to deal with this threat.
Application of TEOAEs is considered as an effective method for detecting cochlear deficits. It is then
purposeful to assess validity of this method in young subjects. The aim of the study was to evaluate
repeatability and variability of TEOAE characteristics in tests performed in practical conditions of
hearing screening.
A group of young normal-hearing volunteers, students of Marie Curie University, took part in the tests.
The volunteers were examined otologically and audiologically prior to the tests, no ear pathologies were
found. Standard, commercially-available instrument (Intergrity SN IPO792) was used, typical screening
procedure was applied. The tests were repeated three times in each subject at random intervals.
In consecutive measurements, TEOAE amplitude remained relatively stable (within ±3 dB).
Reproducibility factors and S/N ratios did not significantly differ, either. TEOAE-based screening tests
can be a useful tool for hearing screening. The tests, when performed in school environment, may bring
reliable results provided proper noise conditions and test procedures are ensured. The tests should be
complemented with other examinations to widen the range of detected ear pathologies
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Event-related potentials evoked by behaviorally perceptible speech contrasts
straddling category boundary
Lee, J.Y.1 and Harkrider, A.W.2
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Background: A lot of event-related potential studies have shown P300 response reflects the categorical
perception of speech sound. The findings, however, has been controversial about whether P300
represents phonetic processing rather than acoustic processing, or acoustic processing as well. To
examine it, most of studies have used within-category or across-category stimuli.
Aim: The present study explored whether P300 is sensitive to speech stimuli straddling category
boundary, and if so, whether it varies as a function of deviancy of two perceptually different stimuli
straddling category boundary, and how it is related with behavioral response.
Methods: The P300 was measured in an oddball paradigm from 20 normal hearing adults. A sevenstep /bi/ to /pi/ continuum was constructed. Based on the results of labeling test of a speech continuum,
an exemplar of /bi/ sound was selected as a standard stimulus and two speech stimuli straddling
category boundary were selected as deviant stimuli. The two deviant stimuli consisted of the weak
deviant (WD) and strong deviant stimuli (SD). A total of 600 stimuli were composed of 480 standard
stimuli (80%), 60 WD (10%), and 60 SD (10%).
Results: P300 was elicited by both WD and SD. The P300 amplitude was larger in SD than WD and
larger over parietal region than central region, then the central region than the frontal region. TheP300
latency was not different for deviancy condition and scalp distribution without interaction. The
behavioral response was more accurate and faster in SD than WD. P300 and reaction times were
negatively correlated.
Conclusion: The results suggest that (1) P300 amplitude reflects the sub-phonetic or acoustic
processing of speech sound, it is sensitive to the deviancy of sub-phonetic speech contrast whose two
stimuli are perceptually different, and it is correlated with reaction times.
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Comparison of Auditory Brainstem Responses (ABR) Using Narrow Band Chirp
and Tone Burst Stimuli in Patients with Hearing Loss
Lee, M.Y.1, Jang, J.H.2, Kim, J.R.3, and Lee, J.H.1
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Background: The chirp stimulus is designed to compensate cochlear travelling wave delay. ABR from
this chirp stimulus is expected to have advantages over click ABR in terms of amplitude. Recently
narrow band chirp (NB CE-Chirp) ABR is expected to show larger amplitude than tone burst ABR in
normal hearing (Courtesy of Claus Elbering, Interacoustics). The purpose of this study is to investigate
the amplitude and response quality (Fmp) of NB CE-Chirp and tone burst ABR in patients with hearing
loss.
Methods: ABR was performed with tone burst and NB CE-Chirps at 0.5, 1 and 2 kHz in 6 subjects who
also underwent pure tone audiometry. ABR responses were divided in two groups in terms of the
difference between stimulation intensity (SI) and pure tone threshold at each frequency; group 1: SIPTA under 30dB, group 2: SI-PTA exceed 30dB. The values of ABR amplitude and Fmp were evaluated
for both stimuli. Their thresholds were also compared with pure tone audiometry.
Results: In group 1, NB CE-Chirp ABR amplitudes were 0.15, 0.20, 0.14 nV which were larger than
tone burst responses (0.13, 0.14, 0.10 nV) at 0.5, 1, 2 kHz, respectively. Fmp was also higher in NB
CE-Chirps. In group 2, NB CE-Chirp ABR amplitudes were higher than tone burst in 1kHz.
Conclusion: ABR using NB CE-chirps showed larger response amplitudes and high qualities than those
using tone burst. NB CE-chirp might provide shorter test time and higher sensitivity even in the patients
with hearing loss.
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Fast Automated Detection of Auditory Brainstem Responses Using a
Sequentially Applied Magnitude Squared Coherence Test
Light, M., Bell, S., and Simpson, D.
Hearing and Balance Centre, Institute of Sound and Vibration Research,
University of Southampton, UK
The Magnitude Squared Coherence (MSC) can be used to detect the presence of an evoked response,
with a pre-defined false positive rate (alpha value). Based on alpha and the number of stimuli, a
significant response is deemed to have been detected when the estimated MSC exceeds a critical
value. This method is usually applied after a fixed number of stimuli have been applied, and in order to
ensure appropriate sensitivity in detecting the responses, this number can be relatively high. However,
if the responses are strong (e.g. at high stimulus intensities), a much lower number may be adequate.
Methods for sequential testing are thus desirable, such that data acquisition can be terminated as soon
as a significant response is detected, and continued if not, while maintaining the same overall false
positive rate. . We propose a method through which this can be achieved by calculating modified critical
values that can be used in a sequential manner, for example after 200, 500 and 1400 stimuli. We
evaluated the method based on simulated data and recordings of auditory brainstem responses from
24 healthy volunteers (at intensities of 0, 10, 20, 30, 40 and 50dBnHL). The results demonstrate the
reduction in recording time that can be achieved (commonly reducing the average number of stimuli to
between 500 and 700), and show how a careful choice of sequential testing points could lead to an
optimal strategy for the fast detection of auditory evoked responses.
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Does caffeine enhance the N1-P2 cortical response?
Lightfoot, G., Kennedy, V., Taktak, A., Eleuteri, A., and Robinson, R.
Department of Medical Physics & Clinical Engineering,
Royal Liverpool University Hospital, Liverpool, UK.
Background: The N1-P2 auditory cortical response is the response of choice for the objective
estimation of hearing thresholds in adults and older children. A disadvantage is that accuracy is rather
poor in a minority of patients, the suspicion being that this could be a consequence of the patient being
drowsy or inattentive.
Aims: High doses of caffeine increases alertness and have been shown to enhance the visual evoked
cortical response. Our aim was to investigate whether caffeine would enhance the auditory cortical
evoked response and so improve test accuracy.
Methods: We used a placebo-controlled double blind crossover design. Twenty-four adult volunteers
attended on two occasions and were given a 60ml drink containing either 175mg of caffeine (equivalent
to 3 cups of coffee) or a placebo. The order was randomized across subjects. Hearing thresholds were
obtained at 1, 3 & 8 kHz with pure tone audiometry (PTA) and then cortical ERA, whilst the subject read
a magazine. The PTA-ERA threshold differences and the N1-P2 response amplitude at the ERA
threshold in each session were calculated.
Results: Pooling data for ear and frequency, caffeine made no difference to the PTA, the PTA-ERA
difference or the cortical response amplitudes. However it is only the smaller responses of subjects
that we are motivated to enhance so we divided the subjects into 2 sub-groups for analysis: those with
response amplitudes above or below the median. We found no significant difference in response size or
PTA-ERA difference between caffeine and placebo conditions for the large and small response groups.
Conclusions: The study failed to reveal an effect of 175mg of caffeine on the N1 – P2 response. It is
possible that a larger dose may have an effect but very high doses are likely to be associated with
unwanted side effects.
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Auditory Brainstem Responses in Infants who Failed the Universal Newborn
Hearing Screening
Leandro, S.F., Burle, N.L.O., Resende, L.M., and Mancini, P.C.
Department of Speech Pathology and Audiology,
Universidade Federal de Minas Gerais, Brazil
Background: Otoacoustic emissions (OAE) have been the most widely used technique in Universal
Newborn Hearing Screening (UNHS). However, responses may disappear in the presence of functional
abnormalities in both internal ear, middle and external ears. When there are fail in the OAE, literature
suggests the accomplishment of the Auditory Brainstem Responses (ABR), which aims to identify
changes in the auditory nerve and brainstem as well as estimate the auditory electrophysiological
threshold. The aim of this study was to describe the findings of ABR in infants who had failed UNHS.
Methods: A retrospective study was carried out with data collected from medical records at the
Audiology Service from an university hospital. The study included data from 44 children with mean age
of 5.4 months (ranging from 12 days to 24 months) who underwent ABR because they had failed
UNHS.
Results: Regarding gender, 47.7% were male and 52.3% female. The ABR was normal bilaterally in
52.3% of the sample (23 infants) and 13.6% (6 infants) had unilateral alteration by an increase in
absolute waves or intervals latencies, or increased electrophysiologic threshold. A bilateral involvement
was found in 34.1% (15 infants), and the increase of the threshold was observed in 11 cases (25.0%),
followed by an increase of latencies of waves I, III or V in 3 cases (6.8%) and absence of waves in one
case (2.3%).
Conclusion: This study identified ABR changes unilateral or bilaterally in approximately 50% of children
who had failed in OAE. The ABR becomes an important tool in the early identification of hearing loss.
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On Early Maturation of the ABR: Is Common Wisdom There to Truly Lawful?
Mancini, P.C.1, Martinelli M.C.2, and Durrant J.D.3
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In the course of other work involving young pediatric subjects, we needed a clear, ideally quantitative,
indication of the relative maturity of the peripheral versus central components of the auditory brain-stem
response (ABR). Embarking upon an extensive review of the relevant literature, we expected to find
entirely consistent findings thereto, but quickly encountered two problems, namely in supposing there
be a straight-forward scientific law by which the ABR in fact “matures”—(1) reported results are
substantially variable and occasionally contradictory; (2) methods of relevant studies vary greatly. Even
if the central tenant of “the law” appears to be well substantiated—ABR maturation follows the broadly
accepted neuro-anatomical picture of ontogeny: peripheral nerve maturity precedes that of the central
pathways—the body of support rarely includes a truly analytical approach (such as that of Eggermont,
1983). Meanwhile, there have been additional relevant studies since the most frequently cited data
(such as the work of Salamy et al., 1984). In any event, the scientific method begs repeated verification
in order to establish a law of nature, per se. It thus was the purpose of this work to cull relevant data
from the literature, sort and compile samples of ABR latency data among studies, and develop metaanalyses to evaluate ABR maturation, specifically the putative metrics of peripheral-vs-central
maturation of the nervous system—interpeak intervals (IPIs) I-III and III-V. Our efforts and various
results are presented here for the sake of discussion with poster viewers, based on results overall from
some 14 ABR studies in nominally normal-hearing infants from some hours to up to two years of age,
and reflecting various compilations according to [i] short (hours to days) versus long-term early
development (days to up to 2 years) and [ii] various stimulus levels of the acoustic click. These are the
two major limiting parameters by which data groupings for meta-analysis purposes were possible, but
also which ultimately defied large-scale integration of data for a singular model (again, such as
Eggermont’s). The field thus must continue to rely upon judiciously selected data set(s) for purely
quantitative purposes (that is, rather than a comprehensive multi-study-based model). On the other
hand, a majority of individual data sets and trends of meta-analyses appear to confirm the common
assumption that maturation of the I-III interval “outruns” that of III-V, thereby typically accounting for the
greater portion of I-V maturity, if not all (pending duration of observation epoch and perhaps other
factors). This trend, also evaluated via statistical meta-analyses in 2 groups from the 14 studies, was
found to be significant. Furthermore, this trend is frequently evident even in data sets from rather shortterm studies (namely from studies extending merely some hours to several days). Nevertheless, there
are exceptions and still other cases where the slope of the IPI-vs-age functions for I-III and III-V are
only marginally different. Such results bear scrutiny, together with consideration of current theories of
ABR generation, namely to ponder whether we have arrived indeed at the “right answer” for entirely the
right reason(s). Viewers are cordially invited to weigh in on this point, as well.
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Narrow Band CE-Chirp-ABR, Tone Burst-ABR and Chirp-ASSR for Preterm and
Term Normal Hearing Neonates
Ribeiro, F.M. and Chapchap, M.J.
Hospital Sao Luiz, Sao Paulo, Brazil
A frequency-specific stimulus evaluation is recommended to determine the electrophysiological thresholds for
early diagnosis of hearing loss. Recently, the chirp stimulus has been implemented in commercial equipment to
offer the possibility of its use for this purpose. The chirp stimulus provides a better synchronization of neural
response due to the compensation of the travelling wave delay in the basilar membrane, and it can generate
greater response amplitudes enabling the response identification.
Objective: To make a direct comparison between 2 kHz Narrow Band CE-Chirp-ABR (NB CE-Ch-ABR), Tone
Burst-ABR (TB-ABR) and Narrow Band CE-Chirp-ASSR (NB CE-Ch-ASSR) responses for preterm and term
normal hearing neonates to: (1) investigate the maturational effect for threshold, wave V latency and amplitude,
(2) to determine whether the chirp stimuli can bring some advantages for a frequency-specific assessment.
Methods: Twenty-two neonates recruited at Hospital Geral de Pedreira, São Paulo, Brazil, were assigned to a
Term (n= 14 at 40 ± 0.6 weeks) and Preterm group (n= 8 at 35.3 ± 0.5 weeks conceptional age). All subjects had
a pass result at neonatal hearing screening for TEOAE and 35 dB click automated ABR. The ABR thresholds for
2 kHz were evoked by Eclipse platform using a NB CE-Chirp and TB stimuli. Both procedures were performed
to all subjects during natural sleep, in the same assessment session. Up to three attempts were made to conclude
the assessment on the same day if the subject awoke. The responses were evoked from 50 or 30 to 0 dB HL in
20 dB step down and 10 dB step up for threshold search. The minimum sweep collection was 2000 and the
stopping criteria included the visual detection of wave V up to 6000 sweeps or whenever the residual noise level
was < 30 nV. The analyses of the responses were judged in a double-blind manner by two experienced
audiologists (who were not aware of the subject group and the type of stimulus). The discrepancies (14%) were
reviewed and discussed to achieve an agreement between judges and the data of two subjects were excluded.
The NB CE-Ch-ASSR thresholds were determined only for the preterm group from 40 to 0 dB HL, with objective
response detection. The ASSR was only recorded for the Preterm group as they offer a longer quiet state
compared to Term subjects. All results were analyzed statistically.
Results and Conclusion: The Preterm group showed elevated thresholds, longer latencies and lower amplitudes
compared to the Term group although the differences were not significant for both stimuli types. The ABR
maturational effect was expected in all aspects, especially to TB stimulus, which is well described in the literature,
but the small sample size could not clearly reveal these differences. The mean NB CE-Ch-ASSR threshold for
Preterm group was 22.5 ± 7.1 dB HL and it was significantly higher if compared to TB-ABR (10 ± 5.2 dB HL) and
NB CE-Ch-ABR (10 dB HL). These are consistent results when compared to the literature in favor of ABR
responses to ASSR for normal hearing subjects. The ABR wave V latencies and amplitudes results for the Term
group showed significantly lower latencies and double the response amplitudes for NB CE-Ch compared to TB
stimulus. These findings are in agreement with the literature probably due to the compensated travelling wave
delay created by the CE-Ch stimulus, which also increases the amplitude magnitude due to the better
synchronism of nerve firing. For the Preterm group the significant effect for amplitude and latencies comparisons
were not consistent for all intensity levels and the sample size could also be the explanation.
Conclusion: The maturational effect was not clearly defined in this study, which compared ABR thresholds,
latencies and amplitudes for TB and Ch stimuli. The Ch-ASSR was less precise to identify the threshold
compared to both ABR stimuli. The expected outcome of chirp stimulus to improve the response detection was
confirmed by the ABR, specially considering the amplitude magnitude that empowered the response identification.
This is a crucial aspect considering the clinical application to early diagnosis of hearing loss where the response
detection at lower intensity levels is a challenge. The Ch-ABR was a feasible tool to assess frequency-specific
thresholds for neonates having some advantages over TB ABR.
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Evaluation of auditory fatigue using audiometric, ABR and fMRI methods
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In humans auditory fatigue is usually evaluated by audiometric methods and sometimes also by
electrophysiological methods, such as auditory brainstem evoked potentials (ABRs). More recently
research techniques of auditory system were extended by functional magnetic resonance imaging
(fMRI) which allows the study of the upper levels of auditory pathway. The aim of this study was to
evaluate auditory fatigue using three methods – audiometric ,(i.e. Temporary Threshold Shift (TTS)
measurement), ABR, and fMRI. Measurements were performed in a group of 30 persons with normal
hearing in age from 22 to 41 years. Monaural and binaural exposure of narrowband noise with a center
frequency of 3 kHz and intensity of 95 dBA was used. The duration of exposure was 15 min, and the
interval between the tests was at least 1 day, wherein in each subject test was performed for the
monaural exposure (separate for the left and right ear) and binaural exposure. The audiometric testing
determined the value of the TTS at 4 kHz at different time intervals after the end of exposure. ABR
studies used tone pip with a Gaussian envelope with a frequency of 4 kHz and intensity of 40 dB nHL.
fMRI studies evaluated the activity of the auditory cortex of a chirp stimuli with center frequencies of 1
and 4 kHz. For the analysis of brain activity SPARSE paradigm was used. Auditory threshold
measurements and ABRs showed that monaural exposure causes more than 1.5 times the change in
the hearing threshold and latency of wave V. fMRI studies have shown that as a result of fatigue there
are auditory temporal variations in the activity of the auditory cortex and thalamus. After the binaural
exposure, reduction of cortical activation is less than after the monaural exposure. On the basis of
these results, it is concluded that the changes at different levels of the auditory pathway caused by
auditory fatigue depend on the type of exposure.
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The Effect of Hearing Aid Amplification on Cortical Auditory Evoked Potentials in
Hearing-Impaired and Normal-Hearing Adults
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Some publications indicate that amplification by hearing aids has a detrimental effect on cortical
auditory evoked potentials (CAEPs). However, the studies described in these papers were carried out
on normal-hearing subjects. It is our hypothesis that the negative effect on CAEPs was caused by
these subjects, and not by the ‘unknown’ effects of the hearing aid processing on the cortical
responses, as proposed by those publications. We aim to replicate their results with normal-hearing
subjects and additionally show that hearing-impaired users do have larger CAEPs with increasing
hearing aid gain.
We have completed testing of 11 normal-hearing and 11 hearing-impaired subjects. CAEPs were
recorded in response to short speech sounds /m/, /g/, and /t/, which were presented through a
loudspeaker at presentation levels of 55, 65, and 75 dB SPL in the unaided condition, and 55 dB SPL in
the aided condition. Normal-hearing subjects were tested with three hearing aid programs: 0, +10, and
+20 dB response assuming a flat, 0 dB, hearing loss. Hearing-impaired subjects were tested with their
prescribed gain based on their hearing loss; prescribed gain minus 10 dB; and plus 10 dB. Hearing aid
targets were matched at 55, 65, and 75 dB SPL.
Preliminary data analysis confirmed that CAEP amplitudes for aided normal-hearers generally did not
increase with increasing gain. Conversely, in hearing impaired subjects, increasing hearing aid gain
had a profound positive effect on CAEP amplitudes. This difference seems to be explained by an
increasing sensation level of the stimulus for hearing-impaired subjects but not for normal-hearing
subjects because of the (amplified) internal microphone noise being audible for the latter group.
Based on the initial analysis, it seems that CAEP amplitudes grow with increasing hearing aid gain for
hearing impaired subjects, but not for normal-hearing individuals. No claims can be made about the
influence of other hearing aid features however.
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