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The primary objective of this study was to clarify how free-swimming humans hear sounds in water
and near the water surface (here, above and just below the water surface). The first objective of
this study was to clarify the human auditory perception in water, and the second objective was to
“provide the index of the sound source position, volume, and frequency characteristics that should
be selected when communicating information to free-swimming humans by sound and acoustics”.
The auditory characteristics of humans in a stationary seated position in water were investigated
using octave sound sources emitted from underwater loudspeakers. The results showed that the
auditory characteristics in the stationary seated condition were similar to those of previous studies
on divers, and that the auditory characteristics around 1 kHz were easy to hear; almost no
swimmers could hear at frequencies below 250 Hz, and some could not hear even at 500 Hz. In
contrast, when the swimmers started swimming in tethered swimming conditions, the frequency
range above 1 kHz was easier for them to hear. The swimmers' own underwater sound pressure
was considerably higher, and the frequency range covered a lower frequency range, suggesting
that the swimmers could hear the frequency range of their own sound, but that there was a
masking effect by their brains. In the free-swimming test, the swimmer was not always in front of
the speaker, so it was difficult to verify the hearing of the swimmer by the sound pressure. The
swimmer's own bubbles around the swimmer's body were assumed to be a factor in the rapid
attenuation of the underwater sound. These results suggest that, as a sound source for swimmers
swimming in water, the speaker's conversational frequency should be high and the sound should
be emitted from in front of the swimmer.
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2. MAKREEDOHE (F:R)

The primary objective of this study was to clarify how free-swimming humans hear sounds in water and near the
water surface (here, above and just below the water surface). The first objective of this study was to clarify the
human auditory perception in water, and the second objective was to “provide the index of the sound source
position, volume, and frequency characteristics that should be selected when communicating information to
free-swimming humans by sound and acoustics” . The auditory characteristics of humans in a stationary seated
position in water were investigated using octave sound sources emitted from underwater loudspeakers. The
results showed that the auditory characteristics in the stationary seated condition were similar to those of
previous studies on divers, and that the auditory characteristics around 1 kHz were easy to hear; almost no
swimmers could hear at frequencies below 250 Hz, and some could not hear even at 500 Hz. In contrast, when
the swimmers started swimming in tethered swimming conditions, the frequency range above 1 kHz was easier
for them to hear. The swimmers' own underwater sound pressure was considerably higher, and the frequency,
range covered a lower frequency range, suggesting that the swimmers could hear the frequency range of their
own sound, but that there was a masking effect by their brains. In the free-swimming test, the swimmer was not
always in front of the speaker, so it was difficult to verify the hearing of the swimmer by the sound pressure. The
swimmer's own bubbles around the swimmer's body were assumed to be a factor in the rapid attenuation of the
underwater sound. These results suggest that, as a sound source for swimmers swimming in water, the
speaker's conversational frequency should be high and the sound should be emitted from in front of the
swimmer.
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