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Six case studies replicating previous research – but using people with
moderate hearing losses
By Ron Leavitt, AuD, Ruth Bentler, PhD, and Carol Flexer, PhD
OTC hearing devices are coming, but how should they function and for whom should they be
recommended? In particular, two recent studies (Humes et al and Reed et al) have been very influential in
shaping the dialog on this issue. However, as this article points out, these two studies may have focused
primarily on subjects with mild or near-normal hearing loss. Six case studies replicating the Humes et al
study methods are presented here, with the results showing that people with moderate hearing loss (41-55
dB PTA) may be better served by what Humes et al characterized as an “audiology best practices” model
and may be unlikely to find success with a consumer-driven model of care.
Numerous healthcare professionals, lawmakers, physicians, attorneys, laypeople, and hearing
care professionals have espoused the benefits of over-the-counter (OTC) hearing aid sales and
consumer self-diagnosis and self-treatment of hearing loss. Researcher Frank Lin, MD,1,2 the
President’s Council of Advisors on Science and Technology (PCAST),3,4 the National Academies of
Sciences, Engineering, and Medicine (NASEM),5,6 the Hearing Loss Association of America,7 and
the Academy of Doctors of Audiology (ADA) 8,9 endorse the need for an OTC amplification option.
Clearly, consumer-based methodologies offer more convenient access to hearing healthcare
and greater affordability relative to the current hearing aid distribution system. For these
reasons, such a system is attractive to many healthcare professionals and consumers alike.
Additionally, two noteworthy 2017 studies published by Humes et al 10,11 and Reed et al12 have
suggested that such consumer-based methodologies result in outcomes similar to those
obtained with today’s hearing aids fit by audiologists for adults with mild-to-moderate hearing
loss. With this seeming support for consumer-based methodologies, the Warren Grassley Overthe-Counter (OTC) Hearing Aid bill has been signed into law (PL 115-52). 13,14 This bill allows OTC
purchase without medical or audiological involvement, and is supported by consumers,
Congress, and many healthcare professionals. As part of this consumer-based hearing aid
initiative, the US Food and Drug Administration (FDA) reported in December 2016 it will no
longer enforce medical evaluation or medical waiver for adults seeking amplification. 15 Thus,
with these changes, the debate has evolved from “if” OTC hearing devices should exist to “how”
they should function and “for whom” the devices should be recommended.
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The work of Lin and colleagues16-19 showing the possible links between hearing loss and
dementia, increased rate of hospitalization, increased risk of falls, accelerated brain shrinkage,
and depression puts hearing loss in a “more than an inconvenience” medical risk category. The
subsequent work of Sharma and her colleagues20-24 suggests brain resource reallocation results
from untreated and improperly treated hearing loss which makes real-ear verified aided
audibility highly desirable, if not medically appropriate.
Humes et al 10 evaluated the efficacy of an OTC service delivery model using state-of-the-art
hearing aids configured by three delivery methods: 1) An Audiology Best Practices (AB) model; 2) A
Consumer-Decides (CD) model; and 3) A Placebo group. In this study, 153 subjects (ages 55 to 79
years) were randomly assigned to one of these three groups. The AB group received medical
evaluation and cognitive screening, comprehensive audiological services, and hearing aid fitting
and counseling (but not post-fitting adjustment and counseling).25,26 In the AB condition, all
subjects received premium-level hearing aids fit to an NAL NL-2 target. The placebo group also
received comprehensive audiological evaluation, medical evaluation and cognitive screening,
and wore the same premium-level hearing aids with transparent coupler gain. The CD group
used the same premium-level hearing aids pre-programmed to 1 of 3 audiograms, reflecting
hearing losses similar to their own after comprehensive audiological evaluation, medical
evaluation, and cognitive screening.
Humes et al report the CD model produced word recognition and user satisfaction results
comparable to the AB model, with several caveats regarding the benefit of AB service delivery
for both the CD and Placebo groups. One caveat was the hearing loss being studied. Table 1 in
Humes et al10 provides the average PTA expressed in dB HL. Specifically, the average PTA for all
three AB, CD, and Placebo groups ranged from 27 to 29 dB HL, with a standard deviation
between 7.7 to 8.6 dB, indicating a mild degree of hearing loss for the majority of subjects in this
study group.
Recalling that a moderate hearing loss by Clark’s classification scheme27 puts a moderate
hearing loss between 41-55 dB PTA, it is clear the majority of these subjects could not have had
moderate hearing loss. Taking these data one step further, it is instructive to see how many of
the 154 subjects could have had moderate hearing loss and still yield the average PTA noted in
the Humes et al data. For example, assuming all but 4 participants had an average bilateral PTA
of 28 dB and the other 4 had bilateral 55 dB PTAs, the following computation ensues:
300 ears x 28 dB = 8400
+ 8 ears x 55 dB = 440
Combined together = 8840
Divided by the 308 ears in this study yields a group average PTA of 29.7 ≠ 28 dB reported average.
If 25 subjects had bilateral 50 dB PTAs and the other 129 had bilateral PTAs of 28 dB
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258 ears x 28 dB = 7224
+ 50 ears x 50 dB = 2500
Combined together = 9724
Divided by the 308 ears in this study yields a group average PTA of 31.6 ≠ 28 dB reported average.
If 30 subjects had 45 dB PTAs and the other 124 had 28 dB PTAs
248 ears x 28 dB = 6944
+ 60 ears x 45 dB = 2700
Combined together = 9644
Divided by the 308 ears in this study yields a group average PTA of 31.3 ≠ 28 dB reported average.
These calculations show that in the Humes study10 there could not have been even 30 subjects of
the 154 (<20%) with bilateral PTAs of 45 dB or greater, assuming all others had PTAs within testretest levels of borderline normal hearing (28 dB). As such, any statements regarding these 154
subjects should be interpreted as largely representing people with near borderline normal
hearing.
Further, the amount of improvement in word recognition in noise noted in this study is small
relative to the unaided results. Specifically, the average difference among the unaided versus
aided scores on the Connected Speech Test (CST) expressed in randomized arcsine units (RAU)
is small in the Consumer Decides and Audiology Best practice subjects. These reported
differences are in the range of 18 to 27 points RAU.
Humes et al 10 report that the presentation level in both aided and unaided conditions was 65
dB SPL at a +3 dB signal-to-noise ratio. In a calibrated sound field, 65 dB sound pressure level
(SPL) translates to 53 dB HL. Thus, anyone with a bilateral 55 dB PTA would score 0% on the CST
speech test materials in the unaided condition when presented at 65 dB SPL. A person with a
bilateral 50 dB PTA would do only slightly better under the same unaided test conditions.
To improve the binaurally aided score for a person with either a bilateral 50 or 55 dB PTA by 18
to 27 points on the CST would still leave the subject nonfunctional in most noisy conditions.
These minimal improvements on the CST offer further evidence there were few subjects with
moderate hearing losses represented in this study.
In a similar study, Reed et al12 reported that outcomes for 42 adults with mild-to-moderate
hearing loss using selected personal sound amplifying products (PSAPs) and a contemporary
$2,500 hearing aid (Oticon Nera) were similar as measured by the AzBio sentence recognition
test in noise.28 In that study, the four-frequency average hearing level was 37.5 dB HL at 500,
1000, 2000, and 4000 Hz. However, standard deviations were not provided, precluding a more
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in-depth understanding of the number of subjects who might exhibit a more moderate hearing
loss. In addition, the authors reported unaided word recognition scores on the AzBio test
presented at 35 dB HL to range from 72.7% to 80.3% correct. Such scores could not be achieved
by persons with a moderate hearing loss, as the sentence presentation level would be at least 5
dB or more below the individual’s pure-tone average.
In short, the two prominent published studies to date appear to have shown that—for the
listener with a mild hearing loss—there is little measurable difference in delivery method or
technology used, assuming the audibility provided is acceptable (and, in the case of Humes et
al,10 the participants received comprehensive audiological and medical evaluation and
psychological screening).
To establish clarity and improve policy relative to the distribution of PSAP/CD-type hearing aids,
six case studies are presented here. These cases manifest bilaterally symmetrical moderate
hearing losses—not mild hearing losses as in previous studies—which is a significant difference
when considering the OTC/PSAP options.

Subjects of Replication Study
The current series of case studies depicts six subjects comprised of highly educated adults aged
47 to 70 years of age. Hearing aid experience ranged from 0 to 25 years. This group was
comprised of three engineers, one PhD, one MD, and one rehabilitation counselor. English was
the native language of all subjects, and all had bilaterally symmetrical moderate hearing losses.
Exclusion criteria were as noted by Humes et al 10 : (a)
presence of a medically treatable ear condition; (b)
bilateral, flat tympanograms; (c) known fluctuating or
rapidly progressing hearing loss; (d) presence of
cognitive, medical, or language-based conditions that
limited ability to complete all test procedures; (e)
currently taking or recently taken any platinum-based
cancer drugs or mycin-family antibiotics; (f)
previously diagnosed with either multiple sclerosis or
Meniere’s disease; (g) failure to seek or waive medical
evaluation and clearance following hearing
evaluation; and (h) poor word recognition scores
(<58%) on the Maryland CNC presented under insert
earphones at a 40 dB SL. Average audiometric data
are shown in Figure 1, with range bars, in an effort to
depict the moderate hearing profile of these
individuals, in contrast to the subjects in both the
Humes et al10 and Reed et al 12 data sets.

Figure 1. [Click on images to enlarge.] Average air
conduction thresholds from the six participants
in this study. Ranges are shown by error bars.
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Overview of Design
This series of case studies is presented in the manner of a single-subject design. Each individual
received three randomized fittings, while blinded to intent: audiology best practices (AB) service
delivery; consumer-decides (CD) service delivery; and PSAP delivery. The following amplification
was used in the study:
1. ReSound Alera 961 receiver-in-the-canal (RIC) hearing aids having 17 log10-frequencybased (warp) compression bands with 9 gain handles and 4 programs available (ie, same
as Humes10 ) for both the CD and AB methods.
2. Soundhawk PSAP, programmed to maximum output in both the low- and high-frequency
regions with an iPhone 7 using the software application provided by Soundhawk.
3. The Etymotic BEAN PSAP, which is non-programmable.
Markings on all devices were hidden from the subjects, and the devices were placed on the
subjects’ ear without allowing the subject visualization of the tested device.

Methods
An unaided evaluation consisted of otoscopic examination of both ears, a complete audiological
assessment, and a detailed case history. Following otoscopy, the audiological assessment began
with 226-Hz tympanometry and automated ipsilateral pure-tone acoustic reflex threshold
measurement at 500, 1000, 2000, and 4000 Hz using a Grason-Stadler Inc (GSI) Model 38
immittance device. Air-conduction pure-tone audiometry followed, using a calibrated GSI 61
audiometer with Etymotic Research ER-3A insert earphones, at octave intervals from 250-8000
Hz, plus 3000 and 6000 Hz. Tests included: (a) Speech reception thresholds (SRT) for Central
Institute for the Deaf (CID) W-1 spondaic words 29 using recorded voice and 5-dB ascending step
size; (b) Word recognition scores for recorded Maryland CNC monosyllabic words30 presented at
40 dB above SRT; (c) Loudness discomfort level (LDL) measured for pure tones under earphones
at 250, 500, 1000, 2000, 3000, and 4000 Hz using the instructions and 7-point scale from Cox et
al31 ; (d) Olsen-Noffsinger tone decay at 2000 Hz bilaterally 32 and (e) Bone-conduction hearing
thresholds at octave intervals from 250 Hz through 4000 Hz. All PSAP devices were set to
maximum output where such choice was available. The Resound Alera hearing aids in the CD
condition were programmed according to the most impaired audiogram noted by Humes et al.
The same model ReSound Alera 961 hearing aid reported in the Humes et al study was used
both for the AB and CD pre-programming. The default programming options for the CD
measures were also the same as used by Humes: Fitting-experienced nonlinear; Binaural
Correction-off; Fixed Directional; Directional Mix-very low; Digital Feedback Suppression (DFS)moderate; Expansion-off; Noise Tracker II-per environment; Wind Guard-off; Environmental
Optimizer-0 dB; Tinnitus Sound Generator-off. ReSound’s Aventa programming software
(Version 3.10.0.83) was used to pre-program the hearing aids in the AB and CD conditions to

33

5/14

generate target gain prescriptions using the common NAL-NL233 formula to compensate for the
participant’s hearing loss. This pre-program was then modified for the AB group to meet the
NAL-NL2 target guided by real-ear aided responses as described below.
The Soundhawk and the Etymotic BEAN used in the Reed et al study 12 were used for the PSAP
condition. The Soundhawk PSAP was pre-programmed to maximum output in both the low- and
high-frequency regions with an iPhone 7 using the software application provided by Soundhawk.
No pre-programming was possible with the Etymotic Bean in the PSAP condition.
For all conditions (AB, CD, and PSAP), the output of the hearing aids was assessed via real-ear
measurements using an Audioscan Verifit system (Model VF-1; software v3.12.1). In the AB
condition, all subjects were fit to a real-ear verified NAL-NL2 target, ±5 dB from 250 to 4000 Hz,
for 50, 60, or 75 dB SPL inputs as prescribed by NAL using the “carrot passage” stimulus. For the
PSAP, AB, and CD conditions, real-ear measurements took place with the subject and the
audiologist located in a single sound-treated therapy room.
All subjects were tested using the Quick Speech-in-Noise (QuickSIN) test materials of Killion and
colleagues34 presented in a calibrated sound booth at 50 dB HL (62 dB sound pressure level at
the center of the subject’s head placement). Only equivalent word lists were used35 with one
practice list provided prior to data gathering. The order of devices was randomized, and the
following scores were obtained:
1.
2.
3.
4.

Sound-field unaided scores;
Unilaterally fit Etymotic BEAN on the better ear, as per Reed et al 12 ;
Unilaterally fit Soundhawk set to maximum amplification on the better ear;
Bilateral ReSound Alera 961 fittings set to the greatest of three hearing loss programs
used by Humes et al10 for the Consumer Decides model;
5. Bilateral ReSound Alera 961 set to a real-ear verified NAL-NL2 target for 50, 60, and 75 dB
SPL inputs.

Results
Table 1 presents demographic and averaged audiological data from these six participants. As
with the subjects of Humes et al,10 the levels of income, age, and education level are similar.
What is notably different about these subjects from those of Humes et al is that, on average,
their pure-tone averages (PTAs) are 24 dB poorer. Specifically, the six cases shown here present
with mean PTAs of 52 dB HL (in the moderate hearing loss range) while those of Humes et al
subjects show 28 dB HL PTAs (within test-retest reliability of borderline normal hearing).
Tables 2-3 show the average speech scores for the QuickSIN for all four test conditions. From
these data it is apparent these six cases show average QuickSIN scores approximately 15 dB
better than any PSAP or CD condition.
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Figure 2 shows the average unaided (dark blue), aided (orange), and relative benefit (light blue)
scores for the QuickSIN for these six cases (ie, means
for the QuickSIN measure for the six individuals).
Unaided and aided QuickSIN scores are provided, as
well as the difference between these two scores,
expressed as QuickSIN benefit. It is apparent that the
Audiology Best (AB) practice programming resulted in
an improved SNR loss—5 dB on average, to 19 dB or
more loss for all other amplification configurations.
For the CD and Bean (PSAP#2) conditions, the benefit
of the unaided versus aided SII condition is minimal.
This point was articulated by two of the study
participants who reported they could hear something
Table 1. Demographics and data for various
but could not make any sense of the sentence even
measures from the six individuals. Note: PTA =
at a +25 dB SNR.
pure-tone average; HFPTA = high-frequency
pure-tone average; LDL = loudness discomfort

level; SRT = speech reception threshold; WRS-Q =
It should be noted that no subject was willing to try
word-recognition score in quiet; QuickSIN =
the CD model programmed hearing aids or the two
Quick Speech-in-Noise Test.
PSAPs outside of the test environment, as all are
working professionals who reported they depend on
optimized hearing to perform in their
respective professions. These adult subjects
with moderate hearing loss considered AB
Table 2. [Click on image to enlarge.] Average QuickSIN
real-ear programming essential to their
values (SNR loss) for all individuals with standard
deviations. Lower median scores indicate better results.
function in any communication setting.

Figure 3 shows the average better ear aided
Speech Intelligibility Index (SII) values for the
two PSAPs and the two different
configurations of the ReSound Alera hearing
aids (AB, CD), as well as the better ear unaided
SII values per ANSI 1997 (R 2017).36 It is
apparent that AB service delivery produced
Table 3. Raw data showing QuickSIN scores (SNR loss) for
each subject. Lower scores indicate better results.
more average aided audibility of speech cues
across these six cases. The significance of this
difference in aided audibility is discussed below, as are the implications for most—if not all—
subjects with similar moderate hearing losses.
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Figure 2. The average unaided (dark blue bars), aided
(orange bars), and relative benefit (light blue bars) scores
for the QuickSIN for these six cases, reflected by the
means for the QuickSIN measure for the six individuals.
QuickSIN benefit (in light blue) is the difference between
the unaided and aided scores.

Figure 3. Mean Speech Intelligibility Index (SII) values (x
100) for the group: AB aided (orange bar), Humes CD (light
blue bar), Etymotic Bean (red bar), and Soundhawk (gray
bar) are provided.

Are PSAPs and OTC Devices a Good Solution for Moderate Hearing Loss?
The purpose of this study was to present six examples of individuals with moderate hearing loss
fitted to current technology options, and to assess if results for speech recognition in noise
differ from the data of Humes et al10 and Reed et al 12 In part, this report is provided in response
to actions taken by the FDA as well as the recent discussions and ensuing legislation which
moves patients closer to a time where self-diagnosis and self-treatment of mild-to-moderate
hearing loss with OTC hearing aids is possible. The data in this study indicate that the PSAPs
and/or Consumer Decides models of delivery may not be appropriate for people with a more
moderate degree of hearing loss due to the resultant limited audibility.
This study, which evaluated aided performance on six individuals with moderate hearing loss, is
limited in its generalization to all patients with moderate hearing loss. It should be apparent,
however, that any subject with a similar moderate hearing loss would have limited functional
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hearing, with an aided SII in the range reported in this study. Specifically, the highest average
aided SII obtained was .32 in both the CD and PSAP conditions.
Although labeling on OTC devices are expected to include warnings against their use for
children, there are no guarantees that parents will not place these questionably adequate
devices on their children with moderate or more severe hearing loss. This is of concern, as
research by Stiles et al 37 indicate aided SII strongly correlates with a hard-of-hearing child’s
ability to acquire and learn words, meaning, and language. Walker and McCreery38 have shown
that, when poor aided audibility and inconsistent wearing schedules occur for children with
hearing loss, their “global development” significantly suffers. Thus, the intentions of FDA and the
OTC hearing aid law could potentially result in these devices/services being provided to children
with hearing loss who possibly have treatable middle ear pathologies and/or may show little
benefit from such methodologies.
Without professional oversight there is also no protection for adults with middle ear
pathologies, Meniere’s disease, vestibular schwannoma, benign paroxysmal positional vertigo
(BPPV), fall risk, impacted cerumen, otitis externa, otitis media, precancerous lesions on the
pinna, and a host of other medical problems requiring further examination. Leavitt (in press)
reports on the occurrence of the disorders noted above in a typical clinic population of the first
50 patients who came to the clinic after the NASEM recommendations were released. In this
group, over 50% presented with one or more of the disorders noted above. While a costeffective service delivery model should be considered, that model must provide for
individualizing rather than a one-size-fits-all approach to hearing health care.
It is noteworthy that Humes et al state, “For the devices used in this project—good-quality
devices with multiple channel compression, feedback cancellation, noise reduction, and
directional microphones—the production costs were about $100/aid at study onset. Extremely
high-volume dispensers of these devices, such as Costco and the Veterans Administration, were
charged by the manufacturer about $250–$500 per aid at that time.”10 In 2016, VA and Costco
hearing aid purchases accounted for an estimated combined total of 31.3% of all hearing aid
sales in the United States in 2017.39 With that purchasing power these organizations obtain
premium “good-quality” hearing aids at prices lower than the PSAPs recommended by Reed et
al.12 If private practitioners (who dispensed 68.7% of all hearing aids sold in the United States in
2017) received such bulk purchasing discounts, they could obtain premium hearing aids
obtained at bulk purchase prices under $250-$500 per unit. Further, unlike the CD model of
Humes et al and the PSAPs identified by Reed et al, the “good-quality” hearing aids
(appropriately programmed) in this study are appropriate for these six individuals with
moderate hearing losses and allow all six to function in their chosen professions.
If the goals of the OTC service delivery model described by Humes et al and the PSAPs
recommended by Reed et al are, as stated by NASEM, “[To] enable consumers to find and fully
use the appropriate, affordable, and high-quality services, technologies, and supports they
need,”5 neither the OTC service-delivery model as described by Humes et al or the PSAPs
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recommended by Reed et al achieved this goal for these six adult subjects with moderate
hearing losses. Further, had the Resound Alera 961 hearing aids used in this study been
provided to the audiologist at a price of $250-$500 per unit, the cost to the consumer would be
well below the $2,500 per unit figure quoted by Reed et al, and would allow these six subjects to
function in their chosen professions.

Conclusion
This series of six case studies shows that individuals with moderate hearing loss may be most
advantageously served by an Audiology Best Practices service delivery model. The recent OTC
legislation and ensuing deliberations with regard to FDA regulations and definitions for an OTC
hearing device have made frequent use of the Humes et al and Reed et al data. Although both
studies are useful and instructive, the results from our research suggest that caution is
warranted in extending the consumer-driven care model to moderate losses (ie, 41-55 dB PTA).
Specifically, our study suggests that without the probe-microphone verification of appropriate
speech output, these individuals may end up with less-than-optimal aided audibility needed to
function in their everyday settings.
Given these findings and continuing research showing correlations among hearing loss and
dementia, increased risk of hospitalization, increased risk of falls, accelerated brain shrinkage,
depression, and brain resource reallocation resulting from untreated and improperly treated
hearing loss, it would appear that the use of a consumer-driven care model for people with
moderate hearing loss requires further research and careful consideration before
implementation.
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