
Seminars in Hearing Research at Purdue 
Talks in 2018-2019 

[Fall: LYLE 1150: 1030-1120am (link to schedule)] 

August 23, 2018 

Josh Alexander (Alexander Lab) 

Potential Mechanisms for Perception of Frequency-Lowered Speech 
  
About 25% of the more than 36 million Americans with hearing loss and about 40% of all 
hearing aid users have at least a severe hearing impairment.  These individuals have significant 
difficulty perceiving high-frequency speech information even with the assistance of conventional 
hearing aids.  Frequency lowering is a special hearing aid feature that is designed to help these 
individuals by moving the mid- to high-frequency parts of speech to lower-frequency regions 
where hearing is better.  This feature is offered in various forms by every major hearing aid 
manufacturer and it is the standard of care for children when conventional amplification fails to 
provide audibility of the full speech spectrum (American Academy of Audiology, 2013).  
However, there is a lack of strong evidence about when and how this feature should be used in 
the clinic.  This stems from a critical knowledge gap concerning mechanisms important for the 
perception of frequency-lowered speech.  Continued existence of this gap contributes to the 
lack of reproducibility of findings in this research area, suboptimal patient outcomes, and 
ineffective interventions. 
  
This talk will focus on research conducted by the Experimental Amplification Research (EAR) 
lab on the latest commercially available method of frequency lowering, adaptive nonlinear 
frequency compression.  This method provides unprecedented control over how sounds are 
remapped onto the residual capabilities of the impaired cochlea.  A systematic investigation of 
the perceptual effects of this method in normal-hearing listeners was conducted using a variety 
of speech stimuli that had been processed with 8-9 different frequency-lowering settings for 
each of three hearing loss conditions.  Auditory nerve model and acoustic analyses revealed 
that broadband temporal modulation accounted for 64-94% of the variance across each of the 
data sets.  In fact, the data also revealed that current clinical recommendations for selecting 
frequency-lowering settings might significantly undermine potential benefit from this feature.  A 
working hypothesis is that frequency-lowering methods and settings that preserve the greatest 
amount of temporal modulation from the original speech at the auditory periphery will yield the 
best outcomes for speech perception.  Finally, this talk will discuss how the results from normal-
hearing listeners compare favorably to predictions generated from auditory nerve simulations of 
various degrees of sensorineural hearing loss. 

August 30, 2018 

Ankita Thawani (Fekete Lab) 

Zika virus pathogenesis in developing brain and inner ear 

Zika virus (ZIKV) is a tropical pathogen primarily transmitted by mosquitos. Though the infected 
adults show only mild febrile symptoms, the vertical transmission of ZIKV from an infected 
pregnant mother to the fetus can result in severe congenital defects in the developing brain 
such as microencephaly, ventriculomegaly, calcifications, etc. 

https://engineering.purdue.edu/SNAPLab/SHRP/Schedule_2018-19.pdf


Various cellular and animal models present strong evidence that ZIKV preferentially infects 
neural progenitor cells and causes increased cell death and reduced proliferation. We 
addressed the question whether all the neural progenitor populations are equally infectable. 
Using an easily accessible embryonic chicken model, we explored ZIKV infection in early stages 
of brain development by injecting the neural tube at embryonic day 2. However, instead of a 
uniform infection all along the neuroepithelium, we found regions of heavy infection, or “hot-
spots” associated with certain key regions of the brain that are known for their role of 
morphogen-secreting signaling centers. Morphogens are secreted cues that are essential for 
fate specification and patterning of the neighboring tissue in a concentration dependent manner. 
Our data demonstrated that upon heavy infection, not only the transcript levels for some of 
these morphogens were reduced, patterning defects in some dependent cell populations were 
also observed. Thus, while ZIKV preferentially infects neural progenitors, it also exhibits 
differential tropism for specific subregions of the developing brain, possibly abating their 
morphogenic function(s) during embryonic brain development. 

In addition to the ZIKV infection induced brain development defects, the spectrum of congenital 
ZIKV syndrome has been extended to chorioretinal atrophy and sensorineural hearing loss. 
Stages of sensory organ development involve various neural-like cell populations that could be 
susceptible to ZIKV infection. Around 6% of newborns exposed prenatally to ZIKV presented 
with diminished otoacoustic emissions and auditory brainstem responses, hence indicating 
sensorineural hearing loss, perhaps originating in the cochlea. A key knowledge gap is to 
explore the spatial and temporal susceptibility of the developing inner ear to ZIKV infection. 
ZIKV injection into the chicken otic primordium in embryonic day (E)2 to 5 resulted in sensory 
epithelial infection in the vestibular and auditory organs frequently, with infection found in the 
basilar papilla (sensory cochlea) as late as E13. Non-sensory infection was also observed. The 
study aims to analyze short-term pathogenesis and long-term impact post ZIKV infection. We 
want to explore what inner ear cell types are most susceptible and prone to damage at each 
stage of infection. 

September 6, 2018 

Alexandra Mai (NIH T35 student research) 

Beliefs Held by Parents of Infants and Toddlers with Hearing Loss 

It is understood that the amount of time children wear their hearing devices and the amount of 
parent involvement is associated with language outcomes for children. However, device use and 
parent involvement are highly variable. Additionally, it is known that parents’ beliefs affect 
parenting actions and a child’s early cognitive development (Keels 2009). The Scale of Parental 
Involvement and Self-Efficacy- Revised (SPISE-R) queries parents’ beliefs, knowledge, 
confidence, and actions as well as their child’s device use to examine parental self-efficacy. This 
study focused on the beliefs section of the questionnaire. Each of the eight beliefs has a cut-off 
where responses past this point are considered concerning and additional counseling to the 
parent is recommended. The purpose of this study was to see what percent of parents held 
concerning beliefs, examine how children and family factors (i.e. parental education level, child’s 
current age, age at confirmation of the hearing loss, degree of hearing loss, and hearing device 



type) affected parent beliefs, and determine if a parent holding a concerning belief was 
associated with differences in their child’s device use or language development. This was done 
via an online survey made up of a demographic questionnaire, the SPISE-R, the Developmental 
Profile- 3 communication subscale (DP-3), and the Parenting Sense of Confidence self-efficacy 
subscale. Parents were also asked to submit their child’s most recent audiological results. 
Results indicate that a significant number of parents held concerning beliefs for all statements 
except two involving family and early interventionist impact. Additionally, parental education 
level, degree of hearing loss, age at confirmation, and current age of the child were each 
correlated with holding a concerning belief for one belief statement. Finally, only a concerning 
belief about if a child’s hearing device(s) helps him/her to communicate was associated with 
device use. No beliefs in the concerning range were associated with language development. 

September 13, 2018 

Prof. Lisa L. Hunter, Scientific Director of Research, Audiology, Cincinatti Children’s 

High frequency hearing, otoacoustic emissions and speech-in-noise deficits due to 
aminoglycoside ototoxicity in cystic fibrosis 

Aminoglycoside antibiotics are used world-wide to treat drug-resistant chronic lung infections. 
These lifesaving drugs unfortunately cause hearing loss due to ototoxicity, the effects of which 
progress from the base to the apex of the basilar membrane (inner ear). Therefore, in order to 
detect ototoxicity sooner, the higher frequency region is important to assess.  This presentation 
will discuss extended high-frequency hearing and transient-evoked otoacoustic emissions to 
chirps (TEOAEs) to detect ototoxicity in pediatric patients with cystic fibrosis (CF) treated with 
aminoglycosides, compared to age-matched untreated controls. TEOAEs were measured using 
chirp stimuli at frequencies from 0.7-14.7 kHz, along with audiometry and speech-in-noise 
thresholds on the BKB-SIN test. Hearing thresholds were significantly poorer in the CF group 
than the control group at all frequencies, but particularly from 8-16 kHz, with thresholds in the 
CF group ranging up to 80 dB HL. Speech-in-noise performance using the BKB-SIN test was 
significantly poorer for the CF group compared to controls and age norms. TEOAE signal to 
noise ratios were significantly poorer in the CF group with significant hearing loss in the 8-10 
kHz frequency regions, compared to controls without hearing loss. These results show that 
newly-developed chirp TEOAE measures in the extended high-frequency range are effective in 
detection of cochlear impacts of ototoxicity. Poorer speech-in-noise function in the group treated 
with aminoglycosides provides additional physiologic evidence of cochlear, and possibly neural 
deficits. 

September 20, 2018 

Brandon S Coventry (Bartlett Lab) 
Ph.D. Candidate Weldon School of Biomedical Engineering, Institute for Integrative 
Neuroscience, Center for Implantable Devices, Purdue University 

Optical deep brain stimulation of the central auditory pathway 

https://www.cincinnatichildrens.org/bio/h/lisa-hunter


Neurological and sensory neuroprostheses based on electrical stimulation have proven effective 
in restoring auditory percepts in cochlear and auditory brainstem implants as well as treatment 
of Parkinson’s disease and Tourette’s syndrome with deep brain stimulation (DBS). However, 
deficits in modern devices, such as current spillover and inability to selectively target local 
circuits, results in undesirable auditory percepts in sensory prostheses and undesirable side 
effects in central nervous system implants. Infrared neural stimulation (INS) is an optical 
technique which has been shown to selectively stimulate nerves and neurons using long 
wavelength (> 1450 nm) infrared light. INS is a promising stimulation modality because it does 
not require genetic modification of the target, allowing translation to human patients without 
additional genetic manipulations. Furthermore, previous studies in nerve have suggested that 
INS is more spatially specific than conventional electrical stimulation. Preliminary studies in the 
central nervous system have suggested INS can elicit responses in cortical structures. However 
the efficacy of INS in generating biophysical responses in thalamocortical networks is 
unexplored. Demonstration of effective thalamocortical recruitment would establish INS a 
potential stimulation therapeutic which could theoretically improve on cochlear and brainstem 
implant performance. In this study, Sprague-Dawley rats of both sexes were implanted with 
optrodes in the medial geniculate body (MGB) in the auditory thalamus and 16 channel 
microwire arrays in the primary auditory cortex (A1). After recovery, auditory and infrared stimuli 
were presented to awake, restrained animals. Auditory stimuli consisted of click trains at sound 
levels between 60 and 90 dB, random spectrum stimuli with spectral contrasts of 5, 10, and 15 
dB, and amplitude modulated broadband noise. Infrared stimuli operated in quasi-continuous 
wave with singular pulses of 0-600 mW power with varying pulse widths between 5-100 ms 
duration. Initial results show that infrared stimulation of MGB gives rise to repeatable and short-
latency action potentials and local field potentials in the auditory cortex. Furthermore, joint-
peristimulus time historgram analysis suggests that INS acts in a spatially specific manner, 
recruiting only local circuits for activation. Finally, the use of INS for next generation cochlear 
implants and auditory brainstem/midbrain implants will be discussed. 

September 28, 2018 

Elizabeth Strickland, Professor of Speech, Language, and Hearing Sciences 

Preceding sound may improve detection in a forward masking task 

There are physiological mechanisms that adjust the dynamic range of the peripheral auditory 
system in response to sound.  One of these, the medial olivocochlear reflex (MOCR) feeds back 
to the cochlea, and adjusts the gain in response to sound.  Our research uses behavioral 
measures that may reflect peripheral gain, and look for evidence of a decrease in gain after 
preceding sound.  When a signal and a masker are on at the same time (simultaneous 
masking), preceding sound may make the signal audible at a lower signal to masker ratio, thus 
improving perception.  However, when the masker precedes the signal (forward masking), 
preceding sound has been shown to increase signal threshold, decrease frequency selectivity, 
and decrease suppression.  While all of these effects are consistent with a decrease in gain, 
they all sound like bad things.  In this talk, I will show a condition in forward masking where the 
signal is audible at a lower signal to masker ratio following preceding sound, which might be a 
good thing. 



October 4, 2018 

Jeffrey Lucas, Professor, Department of Biological Sciences 

Using auditory information to keep eagles out of wind turbines 

Golden eagles and bald eagles are known to be involved in collisions with wind turbines.  This 
source of mortality may be an important contributor to poor population viability for golden eagles 
in particular.  One potential technique that could be used to reduce collision rates is to identify 
alerting stimuli that make the turbine itself a more salient stimulus to the birds.  As part of a 
larger project, we have recently begun to collect data on the auditory physiology of eagles with 
an eye to finding stimuli that are maximally alerting. We are also looking for stimuli that are 
minimally influenced by noise masking because the conditions around wind turbines can 
potentially mask certain types of sounds.  We review preliminary results on bald eagles and 
offer some insight into what types of auditory stimuli might be useful in reducing death rates of 
eagles in a world where wind energy is becoming a more important source of energy for an 
ever-growing human population. 

October 11, 2018 

Agudemu Borjigan (Bharadwaj Lab) 
Ph.D. student, Weldon School of Biomedical Engineering 

Investigating the Role of Temporal Fine Structure in Everyday Hearing 
  
In challenging environments with multiple sound sources, successful listening relies on precise 
encoding and use of fine-grained spectrotemporal sound features. Indeed, human listeners with 
normal audiograms can derive substantial release from masking when there are discrepancies 
in the pitch or spatial location between the target and masking sounds. While the temporal fine-
structure (TFS) in low-frequency sounds can convey information about both of these aspects of 
sound, a long standing and nuanced debate exists in the literature about the role of TFS cues in 
masking release in complex environments. Understanding the role of TFS in complex listening 
environments is important for optimizing the design of assistive devices such as cochlear 
implants. The long term goal of the present study is to leverage individual differences across 
normal-hearing listeners to address this question. As the first step, we are measuring individual 
TFS sensitivity via both psychophysical and electroencephalography (EEG) approaches. 
Preliminary data show large variance across subjects in both behavioral and EEG measures. 
Follow-up experiments will compare individual differences in these TFS-coding measures to 
speech-in-noise perception with complex maskers in co-located and spatially separated 
configurations to understand the role of TFS in everyday hearing. 



PAST SEMINARS… 

2017-2018 Academic Year 

 
Spring 2018 Semester 

January 25, 2018 

Will Salloom (Strickland lab) 

The effects of an ipsilateral, contralateral, and bilateral precursor on gain reduction 
across the frequency range 

The medial olivocochlear reflex (MOCR) can modulate the gain of the cochlear amplifier when 
activated. However, basic questions remain: are there differences between contralateral, 
ipsilateral, and bilateral MOCR strength, and how does MOCR strength vary across the 
frequency range? Physiological research using otoacoustic emissions (OAEs) has shown that 
bilateral and ipsilateral MOCR strength is greater than contralateral strength. OAE data also 
suggests that the effect of the MOCR is stronger at lower frequencies. In the current study, a 
psychoacoustic forward masking paradigm is used to measure gain reduction at 1, 2, and 4 kHz 
in normal-hearing humans, which would be consistent with the MOCR. Transient evoked 
otoacoustic emissions (TEOAEs) were also measured in the same subjects to explore the 
relationship between psychoacoustic and physiological measures of gain reduction. The 
psychoacoustic and physiological data collected in the present study support the hypotheses 
that there are differences in MOCR strength across frequencies and between contralateral, 
ipsilateral, and bilateral activation. 

February 8, 2018 

ARO Prep – no meeting 

LIST of Purdue Abstracts at ARO 

February 15, 2018 

Manolo Malmierca, PhD (Bartlett lab visitor, Institute for Neuroscience, University of Salamanca, 
Spain) 

Emergence of deviance detection along the auditory neuroaxis: The neuronal basis of 
predictive coding 

Perception is characterized by a reciprocal exchange of predictions and prediction error signals 
between neural regions. However, the relationship between sensory mismatch responses and 
hierarchical predictive processing remains to be demonstrated at the neuronal level specifically 

https://engineering.purdue.edu/auditory/ARO%25202018%2520abstracts%2520-%2520Purdue.pdf


in the auditory pathway. We recorded single-neuron activity from different auditory centers in 
anaesthetized rats and awake mice while playing a sequence of sounds that allowed us to 
separate the responses due to prediction error from those due to adaptation effects. Our results 
reveal a hierarchical organization of prediction error along the central auditory pathway. These 
prediction errors could be detected in subcortical regions and increased as the signals moved 
towards auditory cortex, which demonstrated a large-scale mismatch potential.  Additionally, we 
demonstrate that the predictive activity of single auditory neurons underlies automatic deviance 
detection at subcortical levels of processing. 

February 22, 2018 

Special Lectures in Neuroscience (in MRGN 121) 

Prof. Philip X. Joris (Univ. of Leuven, Belgium) 

Making superior olives: more complex than we thought 

The superior olivary complex is a collection of nuclei in the auditory brainstem with a diversity of 
functions. The most studied function is the processing of acoustical differences between the two 
ears, which are critical for spatial hearing. One of the circuits embedded in this complex is 
classically associated with the processing of interaural intensity differences. However, such 
processing does not provide a rationale for the striking specializations found in this circuit, 
including one of the largest synapses in the brain, which suggest a role for timing in this circuit. I 
will review the relevant physiology and anatomy to illustrate the “textbook” physiology of this 
circuit and to illustrate the puzzle of its specializations. Using arguments derived from 
physiological, anatomical, behavioral, acoustical, and ecological sources, I will then formulate a 
new functional hypothesis. To conclude, I will show recent findings which cast a new light on 
these nuclei. 

March 1, 2018 
Katherine Gentry, PhD (Postdoc, BIO, Lucas lab) 
The influence of noise on acoustic communication in Nuttall’s white-crowned sparrows 

High amplitude background noise from anthropogenic activity interferes with acoustic 
communication, which many animals rely on for species recognition, mate selection and 
territorial defense. Anthropogenic noise in urban environments has become an important and 
novel source of selection on acoustic signaling behavior, ultimately changing the way animals 
communicate with one another. Noise-induced signal modification and evolution is particularly 
well studied in the Nuttall’s white-crowned sparrow (Zonotrichia leucophrys nuttalli, NWCS), a 
nonmigratory, territorial songbird that persists in both urban and rural landscapes. Given this 
background, NWCS has become a model system for understanding signal modification and its 
potential to alter receivers' perception of signaler quality in noisy urban landscapes. In this talk, I 
will discuss signal modification in urban and rural NWCS populations, and potential fitness 
implications associated with signal modification. Our research underscores the importance of 
noise mitigation in urban settings where populations are negatively impacted by high levels of 
anthropogenic noise. 

https://engineering.purdue.edu/auditory/Special%2520Lectures%2520in%2520Neuroscience%2520JORIS.pdf


March 8, 2018 
Lata Krishnan, PhD, CCC-A 
Unilateral Hearing Loss: The Evidence and the Challenges 
The negative effects of unilateral hearing loss (UHL) have been well documented; however 
there are no specific guidelines for the management of UHL because of the wide range of 
variability in the effects of UHL and management options available. This presentation will briefly 
review the effects of UHL and use case studies to demonstrate variability in outcomes. 

March 15, 2018 
SPRING BREAK – no meeting 

March 22, 2018 
Mike Heinz, PhD (Heinz lab) 

The effects of cochlear synaptopathy on chinchilla amplitude-modulation detection 
thresholds 

Amanda C. Maulden, Michael K. Walls, Vijaya P.K. Muthaiah, Michael G. Heinz 

Recent animal studies suggest that moderate-level noise exposure can create permanent 
cochlear synaptopathy despite not permanently damaging hair cells or elevating hearing 
thresholds in quiet. This hidden hearing loss has been hypothesized to underlie the difficulties 
some listeners with normal audiograms have in noisy situations. However, it is difficult to test 
this hypothesis directly because of the inability to measure cochlear synaptopathy directly in 
humans and the fact that synaptopathy has mainly been shown in rodent models for which 
behavioral measures at speech frequencies are difficult. We recently established a relevant 
mammalian behavioral model by showing that chinchillas have corresponding neural and 
behavioral amplitude-modulation (AM) detection thresholds that are in line with human 
thresholds. Furthermore, we have shown that cochlear synaptopathy occurs at speech 
frequencies in chinchillas following moderate noise exposure. In the present study, behavioral 
AM-detection thresholds were measured in chinchillas, before and after noise exposure, using 
the method of constant stimuli. Animals were trained to discriminate a sinusoidal AM (SAM) tone 
from a pure tone, in the presence of a notched-noise masker designed to limit off-frequency 
listening. Successfully trained animals were tested at a range of AM depths (3-dB steps 
between -30 and 0 dB), for a range of modulation frequencies. Within a signal-detection-
theoretic framework, psychometric AM-detection thresholds were computed as a function of 
modulation frequency.  Behavioral thresholds before noise exposure were in the range of -15 to 
-26 dB, and were consistent across individual animals.  Following synaptopathy-inducing noise 
exposure, amplitude-modulation detection for SAM tones was not significantly degraded. The 
low behavioral AM-detection thresholds found here contrast with previous work on other 
mammalian species (e.g., rabbits, gerbils). Our data are more in line with AM-detection 
thresholds found in avian species (e.g., budgerigars) and in humans. The lack of an observed 
deficit in performance in chinchillas with confirmed synaptopathy suggests that amplitude-



modulation detection for high-level SAM tones in notched noise may not be sensitive enough for 
the diagnosis of cochlear synaptopathy. More complex tasks that provide a greater challenge to 
population neural coding are likely to be required. 

March 29, 2018 
Alexandra Mai (Au.D. student, Bharadwaj lab) 

Suprathreshold effects of acoustic overexposure and middle age -- Measurements in a 
clinical setting 
Alexandra R. Mai, Brooke E. Flesher, Jennifer M. Simpson, Michael G. Heinz, Hari M. 
Bharadwaj 

Currently, the audiogram is the basis for hearing evaluations in the clinic. However, many 
patients present with normal thresholds but complain of difficulty understanding speech in noise, 
i.e., at restaurants, cocktail parties, and other crowded environments. Even among those with 
similar audiograms, there is large variability in the ability to perceive subtle features of sounds. A 
possible explanation for this difficulty is cochlear synaptopathy from noise exposure or early 
aging, as robustly demonstrated in animal models. However, currently, the extent to which 
synaptopathy affects humans, or how it may be diagnosed is unclear.  We are working on a 
large scale study studying suprathreshold hearing in young adults regularly exposed to 
significant amounts of loud sounds, and middle-aged individuals, in comparison to controls with 
nominal exposure and young age from the general population. The study includes both an 
elaborate battery of measures performed in a laboratory setting (~9 hours of testing), and a 
shorter battery of measures performed in a clinical setting (~2 hours). Here, we describe the 
preliminary results from our measures performed with equipment available in most clinics. 

April 5, 2018 
Ed Bartlett, PhD (Bartlett lab) 

Electrophysiological, Behavioral, and Histological Assessment of the Thalamocortical 
Network as a Stimulation Target for Central Auditory Neuroprostheses 

Brain-machine interfaces aim to restore natural sensation or locomotion to individuals who have 
lost such ability. While the field of neuroprostheses has developed some flagship technologies 
which have enjoyed great clinical success, such as the cochlear implant, it is generally 
understood that no single device will be ideal for all patients. For example, the cochlear implant 
is unable to help patients suffering from neurofibromatosis type 2, which is commonly 
characterized by bilateral vestibular schwannomas for which surgical removal requires 
transection of the auditory nerve. In an effort to develop stimulatory neuroprostheses which can 
help the maximum number of patients, research groups have developed central sensory 
neuroprostheses. However, moving through ascending sensory processing centers introduces 
more uniqueness of neuronal feature selectivity and greater coding complexity. Chronic 
implantation of devices becomes less efficacious as the brain’s glial cells respond to implanted 
devices. In this work, we propose a neuroprosthetic targeting auditory thalamus, specifically, the 
ventral division of the medial geniculate body (MGV). Thalamus represents an information 
bottleneck through which many sensory systems send information. Primary (MGV) and non-
primary (MGD, MGM) subdivisions provide parallel auditory inputs to cortex and receive 
feedback excitation and inhibition from cortex and thalamic reticular nucleus (TRN), 



respectively. We characterize the potential of the thalamocortical circuit as a neuroprosthetic 
target through electrophysiological, behavioral, and histological methods. 

April 11, 2018  *** Bonus Talk *** 

1230-120(*** in LYLE 1028) 

Rich Freyman, PhD (U Mass Amherst) 

Exploring the Relationship Between Sound Localization and Spatial Release from 
Masking 

Spatial unmasking and sound localization are assumed to share common mechanisms, but it is 
still unclear whether any aspect of spatial release from masking actually depends on 
localization.  One possible indication that there is a causal relationship between the two 
phenomena for some conditions comes from the observation that spatial masking release can 
often remain strong even when known cues for spatial unmasking are dramatically weakened by 
acoustic reflections in rooms.  With the aid of the precedence effect, separate localization of 
targets and maskers in those same reverberant environments is largely preserved, leading to 
the suspicion that localization is responsible for the spatial release that remains in the face of 
the diminished cues.  However, there are also arguments against a causal relationship.  This 
talk will review what is known about this question from previously published work, and will also 
discuss newer research focusing on listeners with asymmetric hearing loss.   The literature 
demonstrates that people with such losses adapt to their asymmetries with respect to 
localization, at least to some degree, but whether this adaptation helps restore spatial release 
from masking is not yet obvious. 

April 12, 2018 

Special Lectures in Neuroscience (in MRGN 121) 

Prof. Daniel B. Polley (Harvard Medical School) 

Pathologically over-powered neural amplifiers: the neural circuit origins of disordered 
perception 

Sensory brain plasticity exhibits a fundamental duality, a yin and yang, in that it is both a source 
and possible solution for various types of perceptual impairments. When normal signaling from 
the ear is disrupted, the balance of excitation and inhibition tips toward hyperexcitability 
throughout auditory processing centers of the brain, increasing the ‘central gain’ on afferent 
signals so as to partially compensate for diminished inputs from the periphery. Excess 
amplification in sensory circuits distorts the temporal coding of complex communication sounds 
and may even induce the perception of phantom sounds, contributing to pathophysiological 
processes such as hyperacusis and tinnitus. This is the ‘yin’, the dark side of brain plasticity, 
wherein the transcriptional, physiological and neurochemical changes that compensate for the 
loss or degradation of peripheral inputs can incur debilitating perceptual costs. Our research is 
also committed to understand the ‘yang’ of brain plasticity, how the remarkable malleability of 

https://engineering.purdue.edu/auditory/Special%2520Lectures%2520in%2520Neuroscience%2520POLLEY.pdf


the adult brain can be harnessed and directed towards an adaptive – or even therapeutic – 
endpoint through pharmacology, direct brain stimulation and non-invasive approaches such as 
immersive sensory training. My lecture will focus on the mechanisms underlying the yin and 
yang of plasticity in the auditory cortex, midbrain and basal forebrain. I will conclude by 
describing our recent efforts to translate findings from animal models to human subjects with 
auditory perceptual disorders. 

April 19, 2018 

Special Lectures in Neuroscience (in MRGN 121) 

Prof. Laurence Trussell (Oregon Health & Science Univ) 

Radical transformation of neural signals by excitatory interneurons in auditory and 
vestibular systems 

The unipolar brush cell (UBC) is an excitatory interneuron in the cochlear nucleus and vestibular 
cerebellum of mammals, and in the electrosensory lobe of mormyrid electric fish.  Recent 
studies suggest that the UBC may be required for these systems to cancel signals associated 
with expected or self-generated sensory signals.  We have examined the synaptic and circuit-
level features of UBCs in mice, using electrophysiology, imaging and optogenetics.  We found 
that UBCs can respond to synaptic input with a complex array of output, including long lasting 
periods of excitation, inhibition or delayed excitation.  This talk will describe the cell 
physiological basis for these diverse responses, and report on studies that are revealing the 
neural connectivity associated with each type of response. 

April 26, 2018 
Robert Burkard, PhD, CCC-A (University of Buffalo) 

Auditory brainstem responses across mammals (and one avian species)  

We often use animal models for experimental manipulations, where human subjects are not 
feasible. For experimental studies of hearing, we can use auditory evoked potentials to assess 
changes in threshold, latencies and/or amplitudes, due to myriad subject factors, including 
development, aging and pathology. For the evaluation of hearing (both clinically and 
experimentally), the auditory brainstem response (ABR) is the most often used evoked potential 
measure. Knowing how the ABR is similar and how it varies across animal species is useful, so 
that an appropriate animal model can be chosen, for a given experimental manipulation. In this 
presentation, we will compare human ABRs to those of a variety of animal species. We will look 
at the ABR morphology, and assess the effects of various stimulus manipulations, across 
(mostly) mammalian species.   

May 3, 2018 

Special Lectures in Neuroscience (in MRGN 121) 

https://engineering.purdue.edu/auditory/LaurenceTrussellFlyer.pdf
https://engineering.purdue.edu/auditory/Special%2520Lectures%2520in%2520Neuroscience%2520DAU_v2.pdf


Prof. Torsten Dau (Technical Univ. of Denmark) 

From data-driven auditory profiling to scene-aware signal processing in hearing aids 

Despite advances in acoustic technology, modern hearing aids have yet to solve the 
fundamental problem of restoring hearing in everyday sound environments. Finding the best 
compensation strategy for an individual hearing-impaired person represents a major challenge 
since the consequences of a typical hearing loss are much more complex than just a reduced 
sensitivity to sound as reflected in the pure-tone audiogram. In fact, characterizing the “auditory 
profile”, which would require many more measurements than are currently conducted in 
audiology clinics, seems essential for optimizing the amplification strategy in hearing-aid fitting 
for each individual. Furthermore, while normal-hearing listeners are able to focus attention on 
one particular sound source and ignore others, this ability is reduced in listeners with hearing 
impairment. The crucial problem of modern hearing aids is that they do not know which 
acoustical source an impaired listener would like to hear. To solve this problem, hearing aids 
need to evolve from sound processors to 'brain processors' collecting information from the 
listener to selectively amplify only the sounds that the listener is trying to focus on. Such a 
revolution requires significant breakthroughs in terms of our fundamental understanding of 
hearing. Specifically, we need models that bridge the fundamental gap between sound 
processing in the inner ear and processing in the brain. The ability of the auditory system to 
extract meaningful 'auditory objects', like speech or music, from a mixture of sound waves 
arriving at the ear involves multiple stages of processing. The goal of modern hearing research 
and technology is to develop functional models of hearing that integrate these levels of 
processing to investigate how the 'listening brain' actively modulates sound processing to serve 
behavioral goals. 


