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I had very productive Summer in which I completed the above study as described, revised a second paper which was accepted for publication, and completed a third study which was submitted for publication.  I appreciate the support of the University for these endeavors, and am confident that all of these papers will be published in refereed journals. 

This study was designed to compare  the accuracy of auditory evoked responses using both Linear tonepips and Blackman tonepips to predict conventional puretone thresholds in subjects with mild-to- moderate hearing loss.  That is, "Using Linear tonepips and Blackman tonepips, how accurately do auditory evoked response thresholds predict behavioral thresholds at 500, 1000, 2000, and 4000 cps in subjects with mild-to-moderate hearing loss?" Twenty-five subjects with mild-to-moderate sensorineural hearing loss were tested with conventional pure tones (behavioral responses) and with tonepips (electrophysiologic responses).  The subjects were tested with both Linear tonepips and Blackman tonepips at frequencies of 500, 1000, 2000, and/or 4000 cps.   A commercially available system (Intelligent Hearing Systems) was used to generate test stimuli and to record auditory evoked responses.    Responses were  recorded using surface electrodes connected to a physiologic amplifier.  The subjects were tested in a sound-treated booth and surface  electrodes were placed on their scalp  to monitor electric activity from the auditory nerve pathways.  The intensity of the tonepips was varied in 5 dB steps and threshold was defined as the softest level at which auditory evoked responses are observed in two of three tracings.   Our graduate students were actively involved in all aspects of research (calibration, data collection, data analysis, and publication). The auditory evoked response  is a useful electrophysiologic technique for assessing hearing sensitivity in patients whose age or handicaps rule out the use of conventional behavioral audiometric techniques.  Auditory evoked response testing is the most common procedure for ascertaining hearing status in infants and very young children.  This is because auditory evoked responses are not affected by the attentional state of the subject, and optimal responses  are obtained in sleeping children.  Some investigators postulate that auditory evoked responses obtained with a Blackman tonepips may provide a more accurate procedure for evaluating hearing than the conventional Linear  tonepips.  However, our results revealed no statistically significant differences between the two types of tonepips.  This suggests that either Blackman or Linear tonepips can be used for assessing thresholds.   These are important clinical findings that will be useful to clinicians conducting auditory evoked response testing.  They will be submitted for publication to the American Academy of Audiology.  However, additional research is required in which these questions are addressed using a masking noise which is simultaneously presented with the Blackman and Linear tonepips. Masking noise is designed to eliminate the participation of the side-band frequencies outside the region of interest.  This is one of our next areas of investigation. 

A second area of interest involved rewriting a paper titled (Distortion Product Otoacoustic Emissions: Comparison of Sequential Versus Simultaneous Presentation of Primary-Tone Pairs.( This Grason-Stadler GSI-60 system for measuring distortion product otoacoustic emissions (DPOAEs) allows the examiner to present one set of primary-tone pairs at a time (i.e., sequential presentation), or to present as many as four sets of primary-tone pairs at a time (i.e., simultaneous presentation). The Sequential and Simultaneous protocols were used to compare administration times, DPOAEs, and noise floors (NFs) on normal-hearing subjects at three frequencies (f2=1000, 2000, and 4000 Hz) and eight intensities (L1 = 40-75 dB SPL in 5 dB steps; L2 = 30-65 dB SPL).  The Simultaneous protocol was completed in less than half the time (mean = 2 minutes, 21 seconds) required for the Sequential protocol (mean = 5 minutes, 13 seconds). When stimulus intensity (L1) was <60 dB SPL, the Sequential and Simultaneous protocols yielded similar DPOAEs and NFs. However, at the higher L1 intensities, the NFs for the Simultaneous protocol were larger than those for the Sequential protocol.  The higher Simultaneous NFs reflect the greater system distortion/noise generated by the GSI 60 instrumentation. Reliability was assessed using the standard error of measurement of the difference between two scores.  The data  revealed no significant differences between protocols, and suggest that differences between two DPOAEs are statistically significant if they exceed ~7 dB (95% confidence interval). The Simultaneous protocol was completed in less than half the time required for the Sequential protocol.   The Simultaneous protocol may  be preferred when evaluating individuals who have difficulty remaining still for any period of time, and may be particularly useful when data are required at numerous frequencies and/or intensities. Using the GSI 60 instrumentation, the NFs for the Sequential and Simultaneous protocols are not equivalent when data are collected at moderate to high levels (L1>65 dB SPL). The Simultaneous protocol yielded higher NFs than the Sequential protocol, which is believed to be due to higher system distortion that results from the interaction of the six primary tones.  When stimulus intensity (L1) was <60 dB SPL, the Sequential and Simultaneous protocols yielded similar DPOAEs and NFs at all tested frequencies.    At the highest intensity (L1=75 dB SPL), the Simultaneous DPOAEs also were slightly greater (3-5 dB) than Sequential DPOAEs at 1000 Hz and 2000 Hz. Depending on procedural  variables such as the minimum number of frames averaged and the specified signal-to-noise ratio, elevated NFs may result in increased DPOAE amplitudes (Beattie and Ireland, 2000).  No differences in reliability were observed between the Sequential and Simultaneous protocols when the data were  combined across all frequencies and intensities.  The SEM values tended to decrease as f2 frequency increased.   Using the 2.5 dB standard error value as representative of the Sequential and Simultaneous protocols across frequency and for L1=45-75 dB SPL, the test-retest data suggest that there is a 95% probability that an individual(s true DPOAE will fall within 5 dB (two standard errors) of the obtained DPOAE.    Reliability also was assessed using  the SEMΔ (3.5 dB).  Using the 95% confidence interval, the difference between two DPOAEs  is statistically significant if it exceeds ~7 dB.  Test-retest differences that exceed these values are unusual and warrant repeat testing until stable findings are obtained.  This revised paper has been accepted for publication in the American Academy of Audiology.

A third area of interest involved a project titled (Distortion Product Otoacoustic Emissions: Input/Output Functions for Primary-Tone Pairs at 1000, 2000, and 4000 Hz in Normal Hearing Females.(  Some investigators have suggested that monitoring input-output distortion production otoacoustic emission  (DPOAE) functions may be used to identify changes in hearing following the administration of ototoxic drugs or exposure to loud noises.  That is,  input/output functions may reveal pathological alterations in the cochlea prior to their detection by pure-tone audiometric tests.  Because little information is available on the normal characteristics of input-output DPOAE functions,  we measured (1)  group slopes at f2=1000, 2000, and 4000 Hz for low-level (40-50 dB SPL), moderate-level (50-65 dB SPL), and high-level stimuli (65-75 dB SPL), (2)  individual slopes for each frequency and intensity level segment,  (3) test-retest reliability of slopes for each frequency and intensity level segment,  and (4)  the proportion of subjects with various input/output function shapes (e.g., linear,  linear-plateau, linear-rollover, notched).  Fifty normal-hearing female subjects were tested and retested at eight intensities (L1 = 40-75 dB SPL in 5 dB steps; L2 = 30-65 dB SPL) using the Grason-Stadler GSI-60 DPOAE system.  Slope was defined as the ratio of the DPOAE range in dB divided by the stimulus range in dB.  The results showed that (1) the intersubject slope variability among subjects was large (standard deviations were ~0.5), (2) the low-level segments exhibited steeper slopes (0.67 - 0.82) than the high-level segments (-0.03 - 0.43), and the moderate-level segments showed intermediate slopes (0.39 - 0.64), and (3) slopes for the low-level and moderate-level segments tended to increase as frequency increased from 1000 Hz (slope = 0.53) to 4000 Hz (slope = 0.73).  When the slope data were combined across all conditions, the standard error of measurement (SEM)  was 0.29.  This suggests that there is a 95% probability that an individual(s true DPOAE slope will fall within +0.58 (two standard errors) of the obtained slope. This large test-retest variability suggests that calculating individual slopes may have limited value for describing DPOAE input/output functions. When combined across all conditions, the standard error of measurement of the difference (SEMΔ) was 0.41.  This suggests that there is a 95% probability that two slope measurements (e.g., before and after exposure to noise or ototoxic drugs) are statistically significant if they exceed +0.80 (two standard errors).  This SEMΔ value is substantial and may be too large to document individual changes in the input/output function due to noise or ototoxic pathologies.  Other measures, such as DPOAE amplitudes, are likely to be more successful in documenting pathologic changes in the auditory system.   The proportion of subjects in percent having various types of input/output functions was calculated.  When averaged across frequency, the results showed  that approximately two-thirds of the DPOAE input/output functions  were of Linear-Plateau (41%) type or Linear (26%) type.  The Rollover type of function also was fairly common and observed in 16% of the cases.  The remaining 17% of cases were distributed among the other seven types of DPOAE functions; these functions were all characterized by nonlinear slopes for the low-level and/or moderate-level test stimuli.  The Notch  type of functions were not common (~3%) among normally hearing subjects.  Additional research is required to document the significance of these different types of input/output functions.  The present study suggests that intersubject slope variability (e.g., standard deviations) may be too large to differentiate among different populations/pathologies and that intrasubject slope variability (e.g., SEM) may be too large to document individual changes in the input/output function due to noise or ototoxic pathologies.  Other measures, such as DPOAE amplitudes, are likely to be more successful in documenting pathologic changes in the auditory system.  This paper provides a substantial amount of new information that will be useful for directing future research.  It has been submitted to the international Australian and New Zealand Journal of Audiology.
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