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EXTENDED HIGH-FREQUENCY HEARING

Does Extended High-Frequency Hearing
Matter in Real-World Listening?

By Brian Monson, PhD, and Emily Buss, PhD

he detrimental effects of hearing loss on
speech perception are well known, and a pri-
mary goal of clinical audiology is to restore the
audibility of speech cues between 125 Hz
and 4 to 8 kHz. Hearing loss at extended high frequen-
cies (EHF; above 8 kHz) is common in adults 30 years
of age and older," 2 but it usually goes undiagnosed
because EHF audiometry is typically not part of the
routine audiological exam. The prevailing view is that
EHFs are not critical to daily listening. Reasons may
include:
® speech is often assumed to contain little or no use-
ful information at EHFs;
® audibility of EHFs does not seem to affect speech
perception in quiet or in steady noise; and
® the speech intelligibility index does not incorporate

EHF audibility.

A large body of research has demonstrated the critical
role of audibility below 8 kHz for speech recognition in
listeners with and without hearing loss, guiding the develop-
ment of communication devices like hearing aids. Omitting
EHFs appears to have essentially no detrimental effect on
speech perception across a range of laboratory and clinical test
conditions. However, our team recently demonstrated that
EHFs are indeed useful for speech-in-speech listening when
experimental conditions more closely emulate real-world listen-
ing environments.

EHF FOR SPEECH RECOGNITION

Our interest in EHF audibility began from a theoretical stand-
point: Biological resources are dedicated to supporting audi-
tory processing at EHFs, so they are likely to provide functional
benefits. Furthermore, many aspects of the human auditory
system are tuned to the human vocal mechanism, likely be-
cause human vocalizations (i.e., speech) are among the most
ecologically important acoustic signals for human beings. Al-
though many speech cues are restricted to the low frequencies
(e.g., vowel formants), others are high frequency in nature. The
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most striking examples are the fricative consonants (e.g., /s/
and /sh/), which are characterized by bands of energy that
extend well above 8 kHz. Based on these observations, we
hypothesized that audibility of cues at EHFs facilitates speech
perception in realistic listening situations.

Previous research has shown that EHFs can improve
speech sound quality®* and benefit speech perception, par-
ticularly when low-frequency information is absent or de-
graded. For example, one study showed that EHFs improve
speech intelligibility when mid-range frequencies are absent.®
Another study found that vowel and consonant recognition is
better than chance even when information below 8 kHz is fil-
tered out entirely,® indicating that EHFs carry useable speech
cues. These studies show that EHFs are useful when lower
frequencies are absent or degraded, as might occur in cases
of low- and mid-frequency hearing loss with residual EHF
hearing.” However, reverse-slope and cookie-bite hearing loss
configurations are relatively uncommon, particularly in adults,®
and the majority of patients with these loss configurations
lack EHF audibility. It is not clear based on these studies what
role EHFs might play in speech recognition in the broader
population.

EHF IN A REAL-WORLD COCKTAIL PARTY

Our approach was to consider how EHFs might be useful in
real-world listening environments. Consider a multitalker cock-
tail party scenario wherein the listener must recognize speech
from a target talker in the context of other background talkers.
For natural environments like this, the target talker is typically
facing the listener, whereas other background talkers are
not—they are facing other communication partners (Fig. 1A).
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Figure 1. Effects of extended high frequencies. A. Speech radiation patterns for a target talker (blue) facing the listener and back-
ground talkers (gray) facing other listeners. Low frequencies (curved lines) radiate omnidirectionally around a talker, whereas EHFs
(shading) radiate primarily towards the front of the talker. B. When simulating the listening scenario depicted in panel A, low-pass fil-
tering at 8 kHz (white bars) significantly elevates speech reception thresholds relative to full-band speech (green bars).

EHF energy produced during speech is primarily emitted in
front of a talker,® '° whereas low-frequency energy radiates nearly
omnidirectionally around a talker. This principle of speech
acoustics means that a talker who is facing you emits acousti-
cal energy towards you at all frequencies, but talkers who are
not facing you only emit low- and mid-frequency energy in
your direction (see Fig. 1A). The spectral differences that de-
pend on each talker's head orientation could help one recog-
nize speech in a face-to-face conversation. Whereas the low
and mid-frequencies from the target talker may be masked by
background speech, EHFs from the target talker are masked
very little, if at all. Armed with this understanding, we hypoth-
esized that EHFs would benefit speech recognition when a
target talker is facing the listener, but masker talkers are fac-
ing away from the listener (as in Fig. 1A).

In a recent experiment, we measured sentence recognition
in the presence of two background masker talkers.!" Stimuli
were recorded from three women: a target talker with a micro-
phone at 0° (directly in front), and two masker talkers with
microphones located at 45° or 60° (to the side). This way we
were able to simulate a scenario where the target talker faces
the listener and maskers face away from the listener. An adap-
tive procedure was used to estimate the speech reception
threshold (SRT), defined as the target-to-masker ratio at
which the listener could recognize 50 percent of the target
speech. Listeners were young normal-hearing adults, screened
to have normal hearing, including good sensitivity up to
16 kHz. To assess the utility of EHF speech cues, each lis-
tener was asked to recognize target speech in two experi-
mental conditions: with access to EHFs (i.e., full bandwidth
speech) and without access to EHFs (i.e., speech low-pass
filtered at 8 kHz). Listeners achieved significantly lower
thresholds in the full bandwidth condition than in the low-pass
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filter condition. In other words, access to EHF energy im-
proved their performance. This effect was 1.6 dB for the 45°
masker and 2.5 dB for the 60° masker (Fig. 1B). These differ-
ences in SRT correspond to changes of 12 and 17 percent-
age points, respectively.

CONCLUSIONS AND IMPLICATIONS

Data from this study indicate that EHF cues can contribute to
speech perception under natural listening conditions for lis-
teners with normal hearing. These results have clear implica-
tions for the design of hearing aids, cell phones, and other
communication systems that do not provide EHF cues. The
opportunity to present audible EHF cues using these devices
is particularly pertinent due to recent advances in technology
that support a wider bandwidth of signal transmission and bet-
ter feedback management. Results of this study could also
motivate the inclusion of EHF threshold testing in standard
clinical assessment. Speech-in-speech recognition is known
to be an important component of functional communication,'?
and any clinical measure that predicts this ability provides im-
portant information to guide intervention. Furthermore, our re-
sults highlight the need for more realistic speech stimuli
recorded at sampling rates of at least 44.1 kHz with high fidel-
ity microphones to faithfully represent EHFs. Finally, speech
materials recorded at different positions in space around the
talker's head could be used to simulate different real-world
listening environments, providing more useful diagnostic infor-
mation about functional hearing abilities than current clinical
test materials.

References for this article can be found at http://bit.ly/HJcurrent.
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