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Joshua M. Alexander, PhD
Joshua Alexander is an associate professor at Purdue 
University in West Lafayette, Indiana. At the University of 
Wisconsin-Madison, he received a BS, MS, and PhD in 
Audiology (psychoacoustics) and researched speech 
perception as a post-doctoral scientist. He also 
completed clinical and post- doctoral fellowships at Boys 
Town National Research Hospital in Omaha, Nebraska. 
The central goal of Dr. Alexander's research is to improve 
speech understanding and decrease listening effort in 
hearing aid users. To assist in these efforts, he has 
developed a PC-based hearing aid simulator that is 
capable of replicating key features of commercial hearing 
aids. This tool combined with laboratory measures and 
models of processing at the sensory, neural, and 
cognitive levels allows him and his collaborators to 
explore how and why certain features of hearing aids 
affect perception and to explore factors that might explain 
individual differences in hearing aid benefit.
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Learning Outcomes
After this course, participants will be able to 
1. Describe different considerations affecting the recognition 

of frequency-lowered speech.
2. Identify how different speech sound classes are likely to 

be affected by increasing access to the high-frequency 
spectrum.

3. Describe how and why speech recognition can be 
negatively affected by frequency lowering.
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Frequency Lowering is Ubiquitous

a Also offered by Unitron as “Frequency Compression” and by Hansaton as “Sound Restore”
b Also offered by Microtech as “Sound Compression”
c Also offered by Rexton as “Bandwidth Compression”
d Also offered by Beltone as “Sound Shifter” and by Interton as “Frequency Shifter”
e Similar to, but not the same as, what is offered by Bernafon as “Frequency Composition” and by Sonic as “Frequency Transfer”

Manufacturer Feature Name Frequency Lowering Method
Widex Audibility Extender Transposition (static)

Enhanced Audibility Extender Transposition (adaptive)
Phonak SoundRecover a Compression (static)

SoundRecover2 Compression (adaptive)
Starkey Spectral iQ b Spectral Envelope Warping
Signia Frequency Compression c Compression

ReSound Sound Shaper d Proportional Compression
Oticon Speech Rescue e Multilayered Transposition

But it is also the most misunderstood!
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Survey Questions
1. Do you regularly fit hearing aids?

2. Do you regularly use frequency lowering?

3. On a scale of 0-5, rate your self-confidence in making 
decisions about frequency lowering
§ 0 = not at all confidence
§ 5 = very confident
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Clinicians Lack Confidence
We are trained to “know before you click”

1. What is happening under the hood
§ Differences between manufacturers
§ Reliance on subjective labels is not enough
§ Need to explicitly know how sounds are re-mapped

§ Frequency-lowered sounds need to be audible
§ Frequency lowering needs to be minimally invasive

2. What is your goal?
§ Expected or potential outcomes
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What is happening under the hood
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Potential outcomes set the stage for 
how we approach the fitting process

1. The choices we make when selecting and programming 
the hearing aid

2. The method we use to verify the fit

3. How we counsel the patient about proper expectations
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Finding the right 
outcomes

Problems related to 
reduced audibility, 

dynamic range, and 
cochlear processing Problems related to 

reduced bandwidth



Maximum Audible Output Frequency
(The MAOF)
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Net benefit from frequency lowering
is limited by the following: 
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Net benefit from frequency lowering 
§ Limited by the following facts:
1. Information in the high-frequencies may be truncated or 

distorted in the process of lowering
2. Information in the low frequencies may be displaced or 

masked by newly introduced information from the high 
frequencies

3. Re-coded high-frequency information is put at places 
along the cochlea where outer and/or inner hair cell 
functioning is likely still abnormal, albeit to a lesser extent 
than the places where the information would normally be 
transduced 
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Net benefit from frequency lowering
is limited by the following: 
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Speech Information
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Participants
§ 10-12 normal-hearing adult listeners
§ Why?

1.Basic desire to understand what increased bandwidth
does to speech information

§ If increasing bandwidth over a certain range does not improve 
perception of some sounds, then neither should frequency 
lowering

2. Basic desire to understand what frequency lowering
does to speech information, independent of hearing loss

§ If certain information is not available to normal-hearing listeners in the 
re-coded signal, we shouldn’t expect it to be for hearing-impaired 
listeners either
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Stimuli
Consonants (n = 12)

120 nonsense syllables (vCv) presented in speech-
shaped noise at 10 dB SNR

20 consonants
3 vowel contexts (/a/, /i/, /u/)
2 talkers (adult male and female)

Vowels (n = 10)
72 nonsense syllables (h-V-d) presented in speech-
shaped noise at 6 dB SNR (Hillenbrand et al., 1995)

12 vowels
6 talkers (2 adult males, 2 adult females, 1 boy, 1 girl)
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Consonant Recognition 
by Talker Gender
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Consonant Recognition 
by Manner of Articulation
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Consonant Recognition 
by Co-articulating Vowels
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Vowel Recognition 
by Tongue Advancement
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Vowel Recognition 
by Tongue Height
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Frequency Lowering
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Frequency Lowering Information

His sudd’n dep ar ture shock ed the c a s t
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Frequency Lowering Information

His sudd’n dep ar ture shock ed the c a s t

Choose care fully betw’n contri bu t ory or   non-contribu tory  pen sion p l an  s

Do not  d r aw    y ar n     t oo t igh t

•Presence of 
sound

•Aperiodicity
•Duration
•Relative intensity
•Intensity Δ over 
time
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Nonlinear Freq. Compression (NFC)
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Maximum Audible Output Freq.
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Ways to re-package information limited 
to a fixed output bandwidth using NFC
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Ways to re-package information limited 
to a fixed output bandwidth using NFC
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Ways to re-package information limited 
to a fixed output bandwidth using NFC
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Ways to re-package information limited 
to a fixed output bandwidth using NFC
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Efficiency Measures
1. Convert confusion matrix to information transmitted (IT) in bits

2. 𝐸 = !"#("#$%)
"$%% &'()("#$%)

3. Efficiency <1.0 indicates where NFC can be improved with 
experience, training, or alternative signal processing
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Consonants: Male Talker Efficiency

§ For start freq. ≤ 2756 Hz, ↓ CR = ↑ efficiency
§ Efficiency is close 1.0 for start freq. ≥ 3445 Hz
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Consonants: Female Talker Efficiency

§ For all start freq., ↓ CR = ↑ efficiency
§ Efficiency is close 1.0 only for start freq. ≥ 3445 Hz with CR 

< 2.0
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Consonant Efficiency Summary
§ Male and female average efficiency both equal 0.87
§ Affricates have efficiency near 1.0 except for the 

condition with the lowest start freq. and highest CR

§ Fricatives have the lowest efficiency (M = 0.75)

§ Approximants (M = 0.88), stops (M = 0.84)

§ Nasals have poor efficiency for start freq. ≤ 2067 Hz 
(M = 0.52), and efficiency near 1.0 above this

§ Cued by low-frequency formant and anti-formant

§ Efficiency & response time: Pearson r = -0.61
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Vowels: Efficiency

§ 1378 Hz start freq. with CR ≥ 2.0 have the lowest efficiency, 
especially for front vowels (0.53)

§ For all other conditions, efficiency is close 1.0
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Hearing-Impaired 
Listeners

§ 2 Groups
§Moderately-severe (MS)

§ MAOF = 3.3 kHz
§Mild to moderate (MM)

§ MAOF = 5.0 kHz

§ High-Frequency (HF) 
Phonemes

§ Vowel /i/ followed by 
1 of 7 fricatives

§ Female talkers

§ Frequency Lowering
§ NFC

36Q4(Alexander, 2016)
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Low-start frequencies 
can be detrimental to 

vowel perception

37(Alexander, 2016) Q5
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Information-Theoretic Model

DO NO HARM
Depends on interaction 

b/w hearing loss &       
re-coding technique

less can equal more

A successful fitting 
requires giving the 
patient more than 

is taken away
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Speech Tests
§ UWO Plurals Test: Glista & Scollie (2012)
§ Phoneme Perception Test (PPT): Schmitt et al. (2016)
§ ORCA Nonsense Syllable Test: Kuk et al. (2010)
§ s-sh Confusion Test: Alexander (2019)
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Head orientation aids high-freq. speech 
information and spatial cues
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Finding the right 
outcomes

§ Fricatives (/s/,/z/), affricates, 
stops (depends on HL)

§ Limited context (when the 
above matter the most)
§ Noise, low predictability 

and/or new content, low 
semantic knowledge

§ Listening effort/response time
§ Spatial processing

§ Traditional 
outcome 
measures

§ Patient report
§ Word recognition



Monday-Morning Summary
§ Benefit from extending the bandwidth of speech in normal-

hearing listeners — and consequently from frequency 
lowering in hearing-impaired listeners — is ultimately limited 
by acoustics as they relate to

1. one’s starting point (the MAOF)
2. one’s ending point (the maximum input frequency of the source signal)
3. the class of speech sounds
4. the spectrum and level of background noise

§ Use sensitive speech material
§ Inquire about ease of listening; plurality, female voices
§ Become more informed about the brands you use to better 

understand how different settings may help or hinder 
speech understanding
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