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Critical Review: Based on its effect on speech and phoneme recognition in children, should
frequency lowering be used in pediatric amplification?
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Abstract: The purpose of this critical review is to evaluate the effect of frequency lowering (FL) technology on speech recognition
in the pediatric population. One of each of the following study designs were included: a within groups, repeated measure design; a
nonrandomized clinical trial, cohort study design; a within subject, crossover design; a counterbalanced, within group repeated
measure, modified withdrawal design; and a case series pre-post test design. Overall, the current literature provides suggestive
evidence which demonstrates that FL improves speech recognition of high frequency sounds, as improvements were observed in a
majority of subjects, however many of the subjects did just as well, or improved with the use of conventional processing (CP). As
sample sizes in each study were small, a larger group analysis would be needed to generalize results to a larger population.

Introduction

Consonants are found in high frequency (HF) regions of the
speech spectrum. While vowels provide much of the intensity of
the speech signal and are lower pitched, consonants are softer
in intensity and are responsible for providing the majority of our
speech understanding and comprehension. Individuals tend to
have higher thresholds, or more severe hearing loss (HL) at
higher frequencies, and report hearing speech, but perceive it
as sounding muffled or unclear (Glista, D., Scollie, S., Bagatto,
M., et al., 2009). This is due to the loss of hair cells in the basal
region of the cochlea. Hearing aids can help an individual by
adding increased gain in regions of reduced sensitivity, and by
applying different methods of digital signal processing to the
acoustic signal which can change based on environmental cues.
Frequency lowering (FL) is a relatively new technological
advancement being incorporated in hearing devices, and was
designed to specifically assist with reduced HF hearing
sensitivity. FL shifts HF information of an incoming signal that
would otherwise be inaudible to a hearing aid user, and places it
in a lower-frequency region (Glista, D., 2011). Two types of FL
technologies will be discussed in this review, non-linear
frequency compression (NLFC), and linear frequency
transposition (LFT). Both methods of FL work to bring HF
information into the usersh residual auditory area, and this is
accomplished by compressing HF information non-linearly to a
lower frequency band (NLFC) or by transposing the HF acoustic
information linearly into lower frequency regions. This
technology will inevitably add some distortion to the incoming
signal, and could potentially affect the clarity and understanding
of speech. While adults acquire HL much later life, the altered
signal may have less of an effect on them as they are able to
use contextual cues to identify what is being said. However,
children with HL have not mastered their native language, thus
this added distortion could have a greater impact on their
speech understanding. Studies have shown that children are
worse, overall at identifying HF consonants when compared to
adults, when hearing thresholds are matched, and that speech
identification results from an adult population are not predictive
of a childis performance (Allen, P. 2011, Stemalchowicz, P.,

Pitmann, A., Hoover, B., 2004). An alternative that has been
suggested for the pediatric population are hearing aids with
extended bandwidth. Results from Stemalchowicz (2004) and
her colleagues show that even these devices precipitously slope
off at about 5000 Hz, which is consistent with the difficulties
children with higher-frequency impairments exhibit in phoneme
identification tasks that involve HF consonants, or fricatives
(Stemalchowicz, et al., 2004). Therefore, the problem arises in
children whose HL is so severe, that even with extended
bandwidth technology; HF cues continue to remain outside of
the childis auditory range. In these situations, FL could be a
viable option. Thus the question remains; does frequency
lowering improve phoneme identification of high-frequency
sounds in children therefore improving speech recognition?

Objectives

The main objective of this critical review is to identify whether
speech discrimination in children was improved by using FL in
the digital signal processing (DSP) technology found in hearing
aids as compared to conventional devices.

Methods
Search Strategy: Online databases included Medline Ovid,
Pubmed, Google Scholar and Web of Knowledge. They were
searched using the following strategy: ((frequency
compression or transposition or lowering)
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significantly better than the default setting (p<0.05) and
significant improvements were observed after six weeks of
wearing the LFT enabled devices when compared to the three
week trial (p<0.05). Results were similar when the Nonsense
Syllable Test was performed at 50 dB HL, but less dramatic.
Accuracy of /s/ and /z/ Production: speech production data were
arcsine transformed and a repeated measure ANOVA was used
to test the significance of the two within
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respects to plural and consonant identification. Vowel
identification was not found to be improved by the NLFC
processor in this study.

This experimental design was extensive and thorough in its
statistical analysis, and overall results show that children seem
to beneft more from NLFC than adults during speech
recognition tasks regarding consonant and plural recognition.
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https://owl.uwo.ca/webct/urw/lc5116011.tp0/cobaltMainFrame.dowebct
http://informahealthcare.com.proxy2.lib.uwo.ca:2048/loi/ija
http://informahealthcare.com.proxy2.lib.uwo.ca:2048/loi/ija
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