nickel-iron alloy magnet, it flipped
the 6-nm-thick layer’s magnetization
from up (black) to down (gray) and then
from down back to up. In a future all-
magnon device, spin waves may be a
way to program magnetic bits without
Joule heating —in fact, Yang’s next step is
to design a device without any electrical
components.

Up next for magnons

Spin-wave control of magnetization of-
fers many potential applications. For
example, in an all-magnon device, spin
waves could modulate the transmission
of subsequent ones by moving the do-
main wall. Or they could be detected
through changes in the magnetization
rather than through small changes in the
electrical resistance.

But first, the process of creating spin

waves in a material needs to become
more efficient. According to Liu, the so-
lution for efficiently inducing spin waves
will come down to developing easy-to-
fabricate materials with the right proper-
ties, such as low damping and high mag-
netic anisotropy, and new techniques,
such as voltage-controlled magnetic

anisotropy.
Heather M. Hill

References

. See, for example, T. Schneider et al., Appl.
Phys Lett. 92, 022505 (2008).
. J. Han et al., Science 366, 1121 (2019).
. Y. Wang et al., Science 366, 1125 (2019).
. R. Hertel, W. Wulfhekel, J. Kirschner,
Phys. Rev. Lett. 93, 257202 (2004).
5. S.S. P. Parkin, M. Hayashi, L. Thomas, Sci-
ence 320, 190 (2008).
6. H. Wang et al., Phys. Rev. Lett. 113, 097202
(2014).

=N

A broad acoustic bandwidth helps
listeners understand fragmented speech

High-frequency audibility is critical for understanding
speech in crowded social settings.

cans who experience hearing loss,

hearing aids have improved since the
cumbersome, hand-held trumpets of the
late 18th century. Back then, mechani-
cally amplifying any and every sound
frequency was the only option.

Today, audiologists know that loss of
sensitivity to sound first becomes mea-
sureable at frequencies around 4000-
8000 Hz—much higher than the domi-
nant frequencies in normal speech,
which range from around 100-1000 Hz.
Most modern hearing aids work by pro-
viding frequency-dependent amplifica-
tion based on the severity of an individ-
ual’sloss at each frequency. That approach
works well in quiet settings.

However, in noisy settings, listeners
also need to distinguish competing talk-
ers and interpret speech based on a few
heard fragments—a problem that extends
beyond amplification alone. (See the ar-
ticle by Emily Myers, PHYSICS TODAY,
April 2017, page 34.) Even for people
with normal hearing, understanding a
conversation in a noisy train station

Fortunately for the 50 million Ameri-

or a crowded bar can be challenging.
For those who can no longer make out
high-frequency sounds, it’s even more
difficult.

The importance of extremely high-
frequency sounds may not be immedi-
ately apparent in daily life, but even
mundane speech contains important in-
formation at high frequencies. For exam-
ple, the fricative consonants “th,” “s,”
and “f” have energy beyond 4000 Hz
when spoken, so words containing those
consonants may be difficult to distinguish
for someone who is beginning to experi-
ence high-frequency hearing loss. Luck-
ily, speech is a highly redundant signal;
robust information in one frequency band
can compensate for lost information in
another, and the brain can often fill in the
gaps from what's left.

How the brain uses high-frequency
cues to understand speech in noisy set-
tings remains a puzzle. However, Virginia
Best and colleagues at Boston University
have made a new and significant obser-
vation: Systematically removing sound
energy at high frequencies can have
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+ Accurate millikelvin thermometry
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- Linearized analog output

The SIM921 AC Resistance Bridge is

a precision, low-noise instrument
designed for cryogenic thermometry
applications. With its ultra-low
excitation power, the SIM921 can
measure thermistors and other
resistive samples at millikelvin
temperatures with negligible
self-heating errors.
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FIGURE 1. LISTENERS IDENTIFIED WORDS based on glimpses of target sentences
that were masked by two competing sentences, for a total of three overlapping sentences,
at target-to-masker ratios (TMRs) of 0, —10, and —20 dB. The black regions indicate the
times and frequencies at which the target speech was more intense than the competing

speech. (Adapted from ref. 1.)

a dramatic impact on understanding
speech that’s partially masked by com-
peting talkers.!

Sounds of silence

When multiple people talk simultane-
ously, coincident sounds lead to portions
of time at which the speech of interest is
blocked at some or all frequencies. The
remaining moments, during which the
speech of interest stands out in the acous-
tic mixture, are known as “glimpses.”
Glimpses arise when the background
noise decreases or when the volume of
the talker of interest increases. Listeners
use glimpses, along with contextual in-
formation, to fill the gaps in acoustic in-
formation and construct a complete au-
dible picture.?

Most of audiology researchers’ under-
standing about glimpsed speech comes
from studies that measure a subject’s
comprehension of speech that is peri-
odically interrupted by silence or dis-
turbing sounds. In those studies, lis-
teners with hearing loss performed
poorly compared with those with normal
hearing.

Comprehending speech that includes
competing talkers presents a special
challenge because extraneous speech
sounds very similar to the target. In
recent studies, subjects listened to the
fragments of conversations in which the
target talker’s voice dominated the
acoustic mixture.’ Those studies sug-
gested that the main auditory difficulty
arises not from isolating the target speech,
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but from understanding the target mes-
sage based on a version with bits and
pieces missing.

Other auditory studies have investi-
gated the importance of high frequen-
cies on a listener’s ability to understand
uninterrupted speech.* Those studies
determined how many syllables a lis-
tener could correctly identify in sen-
tences with various frequencies filtered
out. The results suggested that speech in-
telligibility is aided by a broad band-
width that includes frequencies above
3000 Hz.

A few words

Best and her colleagues hypothesized
that a loss of audibility at high frequen-
cies would influence a listener’s ability
to understand glimpsed speech more
readily than uninterrupted speech. To
test the hypothesis and understand why
hearing loss has such a dramatic effect
in multi-talker environments, the re-
searchers gave normal-hearing adults
recordings created from three sentences
presented simultaneously. Unlike pre-
vious work, the recordings preserved
only the glimpses of the target sentence
that remained after filtering out seg-
ments that were masked by the compet-
ing talkers.

To vary the number of available
glimpses, test subjects were presented
with portions of target speech that were
created from competing talkers. Progres-
sively louder competing sentences pro-
duced increasingly negative target-
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to-masker ratios (0, —10, and -20 dB) that
corresponded to how much quieter the
target was than the competition. In the
loudest mixture, the speech of interest
rarely dominated the acoustic mixture—
that is, the glimpses were short and few;
in the quieter mixtures, the glimpses were
longer and more numerous, as illustrated
in figure 1. To test the effect of band-
width, the recordings were low-pass
filtered at 13 frequency cutoffs between
500 Hz and 8000 Hz, meaning that sound
frequencies higher than the specified
cutoff were eliminated from the acoustic
mixture.

In each listening situation, Best and
colleagues measured speech intelligibil-
ity by scoring the listeners on the words
that they reported hearing. The re-
searchers used those scores to determine
the bandwidth at which a loss of high-
frequency information affected intelligi-
bility. The “minimum bandwidth” de-
scribes the bandwidth required to obtain
a specified level of performance, defined
by Best’s team as understanding 90% of
the words. Alower minimum bandwidth
corresponds to better intelligibility.?

Analysis of available speech infor-
mation confirmed that the proportion of
time filled by glimpses declined as the
magnitude of target-to-masker ratio in-
creased and as the high-frequency con-
tent decreased. Speech intelligibility, in
turn, declined systematically with increas-
ingly negative target-to-masker ratio or
with lower cutoff frequencies, as shown
in figure 2. Importantly, for all conditions,

intelligibility dropped rapidly for band-
width cutoffs below 1000 Hz. Generally,
as a greater proportion of the signal was
blocked and glimpses were lost, higher
frequency components (1000-8000 Hz)
became increasingly important for mak-
ing sense of what remained. Those fre-
quencies did not affect the intelligibility
of intact, unmasked speech.

Hearing loss often starts at the high-
est frequencies and works its way down.
The new findings suggest that those high
frequencies are more important for com-
prehension in the presence of competing
talkers than in quiet situations. The re-
sults may be an important consideration
for improving hearing aid design. Unfor-
tunately, although providing more gain
at high frequencies can improve audibil-
ity, the added loudness can also cause
aural discomfort. Further research could
help identify new ways of providing cus-
tomized amplification that are adapted
for different people and listening situa-
tions; such customization should result
in both better comprehension and greater
comfort.

Rachel Berkowitz
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