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Abstract

Dysfunctions of the organ of hearing are a significant limitation in the performance of occupations that require its full ef-
ficiency (vehicle driving, army, police, fire brigades, mining). Hearing impairment is associated with poorer understanding
of speech and disturbed sound localization that directly affects the worker’s orientation in space and his/her assessment of
distance and location of other workers or, even most importantly, of dangerous machines. Testing sound location abilities is
not a standard procedure, even in highly specialized audiological examining rooms. It should be pointed out that the ability
to localize sounds which are particularly loud, is not directly associated with the condition of the hearing organ, but is rather
considered an auditory function of a higher level. Disturbances in sound localization are mainly associated with structural
and functional disturbances of the central nervous system and occur also in patients with normal hearing when tested
with standard methods. The article presents different theories explaining the phenomenon of sound localization, such
as interaural differences in time, interaural differences in sound intensity, monaural spectrum shape and the anatomical
and physiological basis of these processes. It also describes methods of measurement of disturbances in sound localization
which are used in Poland and around the world, also by the author of this work. The author analyzed accessible reports on
sound localization testing in occupational medicine and the possibilities of using such tests in various occupations requiring
full fitness of the organ of hearing.
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INTRODUCTION

Employees working in particularly noisy work environ-
ments can be exposed to the risk of disturbances in local-
izing significant sources of sounds, such as machines or
dangerous equipment. Each year severe accidents take
place in workplaces due to workers” problems with local-
izing alarming sources of sounds [1-3].

Professionals for whom the organ of hearing is absolutely
crucial include vehicle drivers, pilots, soldiers, police of-
ficers, street wardens, firemen, miners, air and ground
traffic control workers, workers exposed to the risk of
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falling from heights (heavy equipment operators, con-
trollers) and even professional musicians [4-7]. In order
to perform these professions, they also need to have suf-
ficient sensitivity of hearing and its symmetry, which is
even more important for maintaining normal directional
hearing [§].

In the auditory fitness for duty (AFFD) assessment in
Poland we take into account the results of pure-tone au-
diometry, which do not enable examination of many au-
ditory phenomena taking place at workplaces, such as
the noise, movement of machines and co-workers creating
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a constantly changing acoustic environment. Modern
methods for evaluating these parameters include, among
others, Hearing in Noise Test (HINT) and sound local-
ization testing [9,10]. The aim of this article is to pres-
ent the basis of the phenomenon of sound localization,
the history of testing methods in Poland and worldwide
(with particular focus on the method used by the author)
and an overview of possibilities to apply these studies in
occupational medicine.

THEORIES OF SOUND LOCALIZATION

Studies aimed at explaining the phenomenon of sound
localization date back to as early as the 19th century.
In 1896, Lord Rayleigh [11] noticed that humans are
able to use the phenomenon of interaural time differ-
ence (ITD) in pure-tone localization (Figure 1a).

This theory was developed at the beginning of the 20th cen-
tury by von Hornbostel and Wertheimer [12], who found
that time difference needed for the subject to detect
that the source of sound has moved by 90° to the side
in the direction of the earlier stimulated ear is 630 us.
The difference mainly depends on the size of the subject’s
head [13]. The largest ITD that can be caused by a typi-
cal human head for sound sources in free field is there-
fore called the Hornbostel-Wertheimer constant and is
approx. 2 ms [14].

This theory was further developed and supplemented by
Matzker [15,16] in the middle of the 20th century. He ob-
served that at an interaural distance difference of 21 cm,
the shortest ITD needed for the alleged movement of
sound source is on average 180 us. This theory is also
limited as regards the frequencies of the localized sound
stimuli. The upper limit of ITD sensitivity is somewhere
between 1300 Hz and 1450 Hz [17,18]; therefore, this
mechanism is useless in localization of sounds at higher
frequencies, just as in the case when the azimuth increases
enough for the interaural phase difference (IPD) to be-
come equal to 180°.

[JOMEH 2016;29(4)

a) time difference (At) between the moment the sound wave reaches
both ears in the horizontal plane is useful for sounds of f < 1400 Hz
frequency; b) the head shadow effect causes differences in sound wave
intensity (Al) that reach both ears in the horizontal axis (the mecha-
nism is useful for sounds of a frequency f > 1400 Hz); c) differences
in the spectrum of waves reaching the tympanic membrane As accor-
ding to the glancing angle (the mechanism is mainly useful in the ver-
tical plane for stimuli of f > 4000 Hz).

Fig. 1. Mechanisms of sound localization and major cues
in spatial hearing: a) interaural time difference (ITD),
b) interaural intensity difference (1ID), and c¢) monaural
spectrum shape (MSS)

Another mechanism explaining human ability to local-
ize sound in space involves interaural intensity differ-
ence (IID) or interaural level difference (ILD) (Fig-
ure 2b). It is believed that Politzer was the first investi-
gator to suspect the existence of that phenomenon. As
early as in the 19th century, he observed that people with
unilateral deafness have difficulties with assessing the ori-
gin of the sound source [19]. Moreover, he suspected that
sound localization depends on differences in the intensity
of the acoustic stimulus stimulating both ears. He noted
that when examining subject’s hearing with the use of
a watch or acoumeter, one has to pay attention to the de-
vice’s location, because the acuity of hearing depends on
sound source location in relation to the subject’s external
auditory foramen [20].

This theory was further developed by Lord Rayleigh [21]
in 1907, who named it “duplex theory.” It says that the per-
ceived azimuth angle of a sound source is dependent on
cues provided by ITD and ILD. Sound localization is
achieved by detecting and comparing the differences in
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Fig. 2. Hearing test in a 59-year-old professional driver: a) pure-tone audiogram, right ear (R) (slight sensorineural hearing

loss (HL), high-tone, cochlear), b) pure-tone audiogram, left ear (L) (severe sensorineural hearing loss, middle and high-tone
(slope type), retrocochlear), and c) obvious disturbance of sound localization mainly at the left side (azimuths 225°, 270°, 315°)
and the back of the head (azimuth 180°)
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tympanic membrane vibrations for narrowband sound-fre-
quency channel in the horizontal plane. Crucial is the head
shadow effect, which creates significant differences in
the intensity of the stimulus reaching both ears. This phe-
nomenon is characteristic of sound waves almost equal or
shorter than the diameter of the head and is mainly used
in the detection of differences in the horizontal plane for
tones of a frequency higher than 1.4 kHz [22,23].

Both the ITD and the IID phenomena provide reli-
able information about the position of the sound source
in the right-left horizontal plane. However, they do not
explain the differences in the position of this source in
the front-back, up-down sagittal plane.

The ability to localize sounds along these planes requires
monaural spectrum shape (MSS) or monaural cues (MC)
(Figure 1c). Sound localization in the front-back sagittal
plane and the up-down horizontal plane is primarily deter-
mined by monaural cues.

Despite the fact that the theories of ITD and IID, collec-
tively referred to as the “duplex theory” quite effectively
explain the phenomenon of sound localization, they do not
explain it in the region called the “cone of confusion” —
a cone whose apex is on the auricle and the long axis goes
along the line joining the subject’s ears. Sounds in the cone
have the same ITD and IID [24]. This is why a different
mechanism is needed defining sound localization.
Monaural cues are directionally dependent on spectral
changes, which are produced due to reflections of sound
waves from the folds of the auricle. Monaural and bin-
aural cues are known as the head-related transfer func-
tion (HRTF). This phenomenon mainly pertains to sounds
of a frequency higher than 4 kHz. Thus, the more such
high-frequency elements in the sound, the more the mono-
aural cues are used in the analysis of its position [13,25,26].
It is possible to localize the position of the sound source
in a horizontal plane with one ear, which takes place in
a unilateral deafness. However, the minimum audible an-
gle (MAA) resulting from it amounts to approx. 30-40°
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and is 10 times higher than in healthy people. This is
why for complete sound localization ITD, IID and MC
are needed. Monaural cues depend on the original
sound signal, so in order to interpret them, one needs to
know it better. Additional information can be supplied
from a slight head movement. If the duration of MC is
at least 500 ms, which is sufficient for head movement,
it helps the listener to localize the sound by changing
the head position in space (the so-called pricking up
one’s ears) [27].

SOUND LOCALIZATION TESTING

AROUND THE WORLD

First reports about sound localization in people were au-
thored by Giovianni Battista Venturi (1746-1822), who
suggested that it resulted from an asymmetry of ear.
However, clinical application of this phenomenon took
place much later [28]. Sound localization was first stud-
ied by Politzer [19]. He used the method of identification
of the location of sound source by subjects pointing at it
with a finger or hand. His successors introduced describ-
ing sound source location with words.

In 1938, Wilska [29] used 2 loudspeakers, which were
moved closer and further to each other around a cir-
cle, with the subject sitting inside the circle. The result
of the test was the angle between the radiuses joining
the center of the circle with the positions of the loudspeak-
ers. In 1950, Duyff et al. [30] suggested to use a method
in which the loudspeaker on a pendulum was moved in
a plane parallel to the frontal plane of the subject.

In 1957, Matzker [16] developed the theory of time differ-
ences and introduced a system in which sound localization
was investigated using headphones and signal time delay.
In 1958, Mills [23] proposed a method using minimum
audible angle (MAA) defined as the smallest detectable
difference between the azimuths of 2 identical sources
of sound. He evaluated the perception of small changes
of the sound direction for several azimuths in the first
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quadrant (0-90°). The result of the test was just noticeable
change (depending on the original location of the source
of sound) of the angle from which the sound was local-
ized by the subject. This enabled quantitative evaluation
of the phenomenon of sound localization (angular values).
In the same year, Sanchez-Longo et al. [31] used an oph-
thalmological perimeter with an audiometer’s head-
phone placed in 13 different positions. The result was
the angle indicated by the subject in relation to the real
position of the sound source and the final result was an
arithmetic mean value of the measurements for 13 dif-
ferent azimuths. The value of 12° was considered a nor-
mative value. The angle at the right and left side and
the difference between both sides were also determined.
In 1983, Hausler et al. [8] used MAA earlier reported by
Mills [23], analyzed with a movable loudspeaker. They
also measured ITD and IID with headphones in the same
investigation and specified disturbances of localization
in different pathologies of the middle ear, inner ear and
the auditory pathway, providing normative values for
the interpretation of these studies. Later studies car-
ried out by other authors did not significantly differ from
the ones presented above.

SOUND LOCALIZATION TESTING IN POLAND

Studies of sound localization in Poland were started
in 1936 by Zakrzewski [32] and were later contin-
ued in the Clinical Hospital in Poznan. Zakrzewski
placed 13 loudspeakers around a hemisphere and the sub-
ject seated in the center on the rotatory armchair had to
point with his hand and verbally describe the position of
the sound source. In 1960 he modified his previous mea-
suring system and limited the number of loudspeakers to
just one placed in front of the subject seated on a calibrat-
ed swivel chair that was turned around during the test [33].
The smallest angle between 2 positions of the loudspeaker
(difference between the reference position and the posi-
tion when the subject recognized that the second signal

came from different place in the space) was called the an-
gle of directional hearing acuity (ADHA). The method of
measuring the angle of directional hearing acuity was then
used in Poland.

In 1964, Pruszewicz and Gerwel [34] observed good sound
localization in blind patients, while Szmeja and Gerwel [35]
found out that the ability to localize sounds deteriorates
with age in people older than 50. This phenomenon was
confirmed by Kruk-Zagajewska [36] in a group of 315 pa-
tients aged 15-80 years. Additionally, she found no differ-
ences in the results obtained in the ADHA test (angle of
directional hearing acuity) between men and women [36].
Also, percentile normative values for this examination
were established in a large group of subjects [37].

In 1972, Pruszewicz and Kosowicz described disturbanc-
es of sound localization in patients with adrenal insuf-
ficiency [38]. In 14 out of 29 patients they found ADHA
values higher than in healthy subjects at the same age.
In 1979, Pruszewicz and Swidzifiski investigated sound lo-
calization using the method of time differences between
acoustic stimuli [39]. They used TDH 39 headphones pow-
ered with a signal from a two-channel audiometer or 2 gen-
erators of a sine wave and sough. Time delay (At) in their
method was 0.01-0.5 ms, which was consistent with move-
ment of the source of sound 0-50°. The subject was asked to
identify the ear to which the ostensible source of sound was
lateralized at the same signal intensity in both ears.
Another Polish investigator of sound localization was
Kotdej [40]. He used a trainer of directional hearing con-
sisting of 8 loudspeakers located in a circle of 10 m in di-
ameter. The subject seated in the center was asked to mark
at the device where the signal was coming from (pure-tone
pulses: 0.5 kHz, 2 kHz, 4 kHz). The author observed that
there was a possibility to improve the abilities of sound
source localization by using appropriate exercises which
can be applied in the army or the police.

In 1995, Niewiarowicz et al. [41] studied the angle of di-
rectional hearing acuity (ADHA) using a measuring set

[JOMEH 2016;29(4)
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similar to the one used by Mills [23] and Zakrzewski [33],
by moving the signal-emitting loudspeaker on a pendu-
lum within a range of +30°. The measurement was re-
peated with the listener’s position changing clockwise in
the range of 0-360°, in 45° steps. The authors pointed out
that the difference between ADHA and MAA pertained
only to the way in which the loudspeaker was moved -
only to the right in ADHA and in both directions in MAA.
Additionally, they observed the best sound localization at
the 0° azimuth for noise signals and the poorest one at
azimuths 90° and 270° for sinusoidal signals.

In 2007, Przewozny et al. [42,43], following the example
of the experiments by Mills [23], Hausler [8], Zakrze-
wski [33], and Niewiarowicz et al. [41] built a device
for MAA measurements using pure-tone stimuli. He used
the device to examine patients with hearing disturbanc-
es after ischemic cerebral stroke. Based on this device,
Gromnicki et al. [44] used localization testing in patients
with sudden deafness. The author of this paper has been
using the MAA method of sound localization proposed by
Mills [23] since 2006, which is described below in details.

MINIMUM AUDIBLE ANGLE TEST (MAAT)

The estimation of horizontal minimum audible angle test
was carried out using broad-band noise bursts with a rel-
atively flat spectrum 12.5-20 000 Hz. The signal was pre-
sented in sets of two 1-s bursts, separated by 2.5-s breaks
with rise-fall time of 50 ms and 85 dB sound pressure lev-
el (SPL). Signals were reproduced from a CD player and
after amplification transmitted to the loudspeaker set.
The measurement was made in the free-field in the hori-
zontal plane at 8 equally spaced angles (every 45°) around
the head for azimuths: 0°, 45°, 90°, 135°, 180°, 225°, 270°,
315° and each time calculating average angle value. The test
was performed in a sound-proof booth. The measuring set
consisted of the following items presented in Photo 1.
Sound level meter, type 2250, G4 (Briiel & Kjer, Den-
mark) was used to estimate sound pressure level in the

[JOMEH 2016;29(4)

1 - calibrated board with an angular scale (0-359°, 8 medial azimuths:
0°,45°, 90°, 135°, 180°, 225°, 270°, 315°); 2 - set of FE25 type B class 1
loudspeakers (Siemens, Denmark) ; 3 — metal pendulum for moving
the set of loudspeakers; 4 - laser pointer; 5 - DVD/CD-S5295 player
(Panasonic, China) ; 6 - MW3-150W amplifier with a graphic equal-
izer £12 dB (Rduch Elektroakustyka, Poland); 7 - metal chair with
head stabilizer.

Photo 1. Set for the minimum audible angle (MAA) testing —
view from sound-proof booth

point of the investigated person’s ear. The measuring set
was calibrated using 5-s sound balanced level in dB SPL.
The metal arm moved to the front of the loudspeaker set.
Loudspeakers were immovable; one of them was active
and the other one was passive, serving only as a counter-
weight and it did not emit any sound.

The metal arm was attached to the ceiling of the study
room with a metal pin, and its height was adjustable.
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A laser pointer was attached to the passive loudspeaker,
which measured the angle of sound acuity every 1° on
a scaled table. The distance from the active speaker
to the center of the subject’s head was fixed at 60 cm.
The speaker was always directed towards the subject and
it was unchangeable.

While being examined, the patient was seated and blind-
folded with his eyes closed in order to eliminate visual cues.
The subject was seated on a metal armchair with his head
immobilized by a shifting metal head holder. The mea-
surements were made for azimuths 45°, 90° and 135° (the
examined person was seated so that his right ear was facing
the active speaker) and for azimuths 225°, 270° and 315°
(the examined person was seated so that his left ear was
facing the active speaker). For azimuth 0° the speaker was
situated in front of the tested person’s head and for azi-
muth 180° it was placed behind the subject.

The examination was commenced from azimuth 0° on-
ward (counter-clockwise) and finished for azimuth 315°.
Every time, the point of reference was one of the § azi-
muths used. At each of all 8 azimuths, measurements were
made with a movement of the sound source to the right
and to the left, and the final result was the arithmetic
mean value of both of these results, just as in the method
proposed by Mills [23].

Each test was preceded by a short training and several
examinations at the azimuth of 0° with eyes open and
closed, with a large movement of the loudspeaker in or-
der to teach the subject proper discrimination of the loca-
tion of the sound source. The first signal was emitted on
the tested azimuth and the second one onward every 1° in
each cycle. The examined person was instructed to inform
verbally (“from 2 places” vs. “from 1 place”) when the sec-
ond signal was noted in another point of space. That value
on angles was noted in a special form as a MAA for each
azimuth (to the right, to the left, final MAA).

The MAA was measured at each of the 8 azimuths.
The difference was gradually increased on successive

trials until the subject replied “from 2 places” for devia-
tion to the left and to the right compared to the reference
azimuth. The investigator then increased the difference
until the subject responded “from 1 place.” After several
increasing-decreasing sequences, the investigator was able
to estimate the value of MAA.

In order to identify standard values, 60 healthy volunteers
with normal hearing and no neurological medical history
were selected, 10 per every age group. In accordance with
the recommendations by Kruk-Zagajewska, the upper
border was established at 95 percentile of controls and all
the results were compared with this normative value [37].
The results were also presented graphically (Figure 2).

SOUND LOCALIZATION TESTING

IN OCCUPATIONAL MEDICINE

In our residential and occupational urban environment,
we are faced with a lot of frequently contradictory sound
information, which has to be properly received and ana-
lyzed by our organs of hearing and the central nervous
system.

Sound localization, which is considered one of highest hear-
ing abilities, is also one of the most sublime mechanisms
allowing us to avoid dangers. While in occupational medi-
cine pure-tone and verbal audiometry remains the most im-
portant method of evaluation of the hearing organ, sound
localization testing is performed rather rarely.

Vaillancourt et al. [7] reported that some organizations,
such as the Royal Canadian Mounted Police, in addition
to pure-tone audiometry, have included additional hear-
ing tests in their Auditory Fitness For Duty (AFFD) ex-
aminations, such as the Hearing in Noise Test (HINT) and
sound localization tests. These authors present the results
of hearing tests in 57 officers using hearing aids. They
investigated speech recognition and sound localization
tasks in the left/right and front/back horizontal planes.
Studies showed that use of a hearing aid neither signifi-
cantly improved nor impeded left/right localization and

[JOMEH 2016;29(4)
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substantially increased front/back errors in localization.
They also pointed to the poor ability of pure-tone thresh-
old data to predict functional ability for sound localiza-
tion, which is consistent with the results obtained by other
authors [8,42].

It was observed that use of a hearing aid significantly
impaired the front/back localization abilities in many
subjects. To examine sound localization, the investiga-
tors used the System for Evaluating Sound Localization
Ability (SELA) [7]. The system was built of 11 loudspeak-
ers located at a half of a circle, at a distance of 1 m from
the subject and spaced from one another at 15°. The sub-
jects had to identify the number of the loudspeaker which
was emitting the signal. The investigators used signals
of 65 dBA (or louder) broadband noise (0.25-8 kHz) last-
ing 0.25 s in a horizontal plane. Localization was assessed
with the loudspeaker placed behind, to the right, and to
the left of subject. Normative values for this test provided
by the authors (angular error in degrees) were 5.9° for
the azimuth of the loudspeaker in front of the subject’s
head, 11° for the one at the right side and 10.7° for the one
at the left side. They were similar to the ones used by
the author of this article in the MAA test, however,
the normative values were divided depending on the age
group using the percentile method.

It should be pointed out that standard values of
the SELA test are close to the angular separation between
adjacent loudspeakers in this measuring set. Sound local-
ization by subjects wearing a hearing aid was better even
without it for the sound sources placed at the back com-
pared to those located at the sides, with much fewer left/
right than front/back errors. The values of the mean angu-
lar error were highest for the test from the side in subjects
with a hearing aid.

In 1996, Punch et al. [45] observed that in the work of
police law enforcement officers, the life and health of
the employees can depend on their ability to properly hear,
localize and understand the sounds surrounding them,

[JOMEH 2016;29(4)

including speech. While analyzing the criteria used during
recruitment to task force, they found out that sound local-
ization was not assessed as a separate hearing function.
In recruitment to special forces, the symmetry of hearing
was taken into consideration, and good sound localization
ability was considered as a factor that can have multiple
applications in various professional tasks. Pure tone audi-
ometry and more and more frequently speech recognition
in sound-free field both in silence and in noise find their
applications in qualification tests for job positions which
require a particularly effective acuity of hearing. Tests
in free hearing field eliminate the differences between
the aided and unaided workers. This is not possible in
the case of standard pure-tone audiometry. Sound local-
ization abilities are in this method specified only addition-
ally, to a limited extent, mainly in the context of hearing
symmetry. This could be justified by limited availability of
appropriate devices, well-trained staff and, first of all, lack
of uniformity of testing methods, which exist only in few
centers and are used for scientific rather than commercial
purposes. During AFFD assessment of particular candi-
dates, routine methods should be applied which are used
in audiological clinics.

Noise at a workplace is a significant factor, frequently
underestimated in routine examinations of the organ of
hearing. It adversely affects speech understanding and
sound localization.

An interesting simulation of disturbances in sound localiza-
tion in a noisy workplace was made by Laroche [1]. She de-
scribed the effect of a warning siren placed on a travelling
crane in a steel plant. The siren was producing sound signals
of 600-1250 Hz frequency, was moving with the overhead
crane and worked in a noisy environment where the noise
reached 100-110 dBA. The worker — a burner operator, was
wearing earplugs and a face protector. The author sum-
marized the conditions at the workplace and noticed that
the localization of the siren was in most cases incorrect.
The cause of it was that its signal frequency was too low,
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since in the vertical plane people localize high-frequency
(more than 4 kHz) signals most efficiently.

Another significant problem is the noise-induced hearing
loss in such workplaces. Noise was a significant factor dis-
turbing the localization of the siren, since the siren’s sound
level should be 10-15 dB higher than the background
noise. In such a noisy workplace as a foundry, this differ-
ence of sound level is difficult to achieve. Additionally,
the worker used ear plugs, and this type of hearing protec-
tors can compromise hearing localization.

Another factor determining localization of sound signals
in noise are the differences in personal perceptual abili-
ties [46]. The noise itself can also mask the beginnings
of sounds by reducing tips crucial for localization. Due
to a sudden development of motorization, the noise in
the streets has significantly increased. Moreover, drivers
tend to look for more and more sound systems to equip
their cars with. Also, new technologies associated with
directional hearing are being introduced. When driving
a vehicle, the driver may experience problems with sound
localization and speech understanding because his in-
terlocutor is usually sitting at the back or at the driver’s
side. The noise inside the lorry’s cabin amounts to 61.2-
78.7dBA [47]. This is a very difficult listening environment.
In such an environment, the driver increases his voice in-
tensity and turns his head towards the passenger, which
can be dangerous. Drivers with hearing defect have diffi-
culty in having a conversation in a noisy environment and
this is why they should be disqualified from the profession.
To illustrate this problem, investigators presented the re-
sults of hearing examinations and sound localization tests
of a 59-year-old professional taxi driver with asymmetric
left-sided retrocochlear hearing loss and bilateral distur-
bances of sound localization (very severe at the poorly-
hearing ear). The patient was operated for a small neu-
rilemmoma of the left nerve VIII using retrosigmoidal
craniotomy. After the procedure a severe aggravation of
hearing was observed at the left side (Figure 2).

It turned out that modern technologies used in hearing
aids, associated with sough reduction and improvement
of speech understanding impair sound localization. Thus,
they can adversely affect localization of such important
sound sources as other vehicles (especially the priority
ones) or sirens [48,49]. Similarly, individual hearing pro-
tection devices, especially the earmuffs, can disturb sound
localization, especially those of high frequencies such as
alarm sirens [50]. These signals are localized through an
analysis of such cues as HRTE Due to the role of the au-
ricle in transmission and modulation of these signals and
their relation to the auricle, covering it can severely dis-
turb the mechanism of sound localization in the vertical
and the front-back plane (Figure 1a).

Another work environment, which has not yet been well
investigated as regards its effect on sound localization
abilities in humans, is the underwater environment. Abil-
ities in azimuth localization of the human organ of hear-
ing in seawater have been studied for 8 azimuthal direc-
tions of a low-frequency (< 500 Hz) sound. Poor front/
back localization has been observed, but accurate left/
right discrimination [51], the other way round compared
to the air environment [8]. The studies can be useful for
professional divers, who work in an environment of lim-
ited visibility and must communicate using electronic
devices.

Testing sound localization abilities in workers aims at
improving their safety in their work environment. Good
sound localization abilities help workers avoid threats
they are exposed to at their workplaces, especially if they
work in noise, which significantly disturbs proper hear-
ing, sound understanding and sound localization. Studies
of sound localization are mainly limited by poor access to
testing devices, large discrepancies in the methodologies
and interpretation of test results and, first of all, difficul-
ties in proper conduct of the test.

Another limitation is the need to establish normative
values for particular methodologies of this test, which

[JOMEH 2016;29(4)

935



936

REVIEW PAPER . PRZEWOZNY

requires long-lasting studies on a population of patients
who are audiologically and neurologically healthy. So
far, sound localization testing has not been included in
the AFFD standards. It should be pointed out that sound
localization disturbances can be found in people with nor-
mal hearing threshold tested in pure-tone audiometry — so
far the basic tool for the assessment of the organ of hear-
ing in qualification tests for occupations requiring perfect
acuity of hearing. As pointed out in reports, scientists see
this problem and it will perhaps be solved in the future by
introducing a new, simple and uniform method of measur-
ing the sound localization abilities.
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