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1 Introduction flat cushions.

_ As for loudness balance tests, Rudmose found a very
Over the last century, Auditory Research has beegpecific list of factors that may provoke those differences.
repeatedly reporting differences between earphone/earbygh 5150 added that if the procedures used in his experiments
and free-field loudness perceptiop. Although it is stiI'IWere followed there should be no missing 6 dB. Those
unclear t_Oday what causes these differences, many possilgtors are: ilmechanical coupling of the subject’s chair (the
explanations have been given; one of them being that €@fibject’s chair needs to be isolated from the floor); ii)
occlusion modifies the subject’s perception of loudness. In goyrce |ocation; iii) transducer distortion; iv) the formal
this paper, we shall try to give the full picture on this issugrocedure for performing the balancing, and v) the monaural
and identify the factors most likely to explain those zge problem (for monaural measurements, it must be

discrepancies. ensured that the non-tested ear is sufficiently occluded when
o performing the tests in free-field to avoid comparing
2 Origins monaural data with binaural data). One essential factor is in

To the authorsknowledge, i so called “missing 6-dB” 1“act the source location problem. According to Rudmose,
when performing loudness balances between sounds

problem started with a paper from Sivian & White [1] gnerated by a loudspeaker located across the room with

stating that pressure thresholds observed at low frequencifg t generated b loud ker near th ; r or ear
using conventional earphones mounted in flat cushions we at generated Dby a loudspeaker near the ea (ear or ears
en), some subjects require more sound pressure from the

roximatel B higher than thresholds m r n .
approximately 6 d gher than thresholds measured on t 3 source than from the distant source for equal loudness”.

same subjects when a loudspeaker was the sound source L henomenon can be exolained by the so-called
the subject's ears were uncovered. There was no accepta phen , P . y .
acoustic size”. In other words, some listeners perceive a

explanation given as to why the minimum audible pressure

(MAP) differed significantly from the minimum audible more distant source as having a “larger acoustic size” and
field (MAF). This was later confirmed by Munson & consequently, the smaller source (e.g. earphones) must be

Wiener [2] who found that for loudness balancing the“stronger” to equal the loudness of the larger source. From

reported differences still existed. The fact that thosdiidmose’s data, this effect is subject dependent and can
differences were about the same for threshold and suprgle-aCh up to 4 dB n the_case_of supra-aural headph.ones
threshold levels made it quite tempting to think there coul ompared to free-flelq stimulation. Also, once a squect
be a generalized explanation for both situations. Howeve ecomes aware of this phenomenon, he can be trained to

. o gliminate it.
as stated by Rudmose [3], it is quite likely tHdtere are N . .
truly two problems, each with its own solutions”. This is Lastly, Volk & Fastl [S] used binaural synthesis to

something anyone should keep in mind when comparingo" that “the same sound-pressure time-functions in the
loudness data, as specific precautions should be taken pd|tory canals ensure the same Ipudness in Io'udspeaker and
each of the scénarios eadphone reproductivrand possibly gave a final end to

this issue.Their explanation is that “the same loudness

3 The “end” perception (and the overall auditory impression) can only be
elicited if the auditory event position is comparable in both

Regarding noise levels at threshold, Killion [4] came to thecases”, which confirms the observations made by Rudmose

conclusion that the 6 dB difference at minimum audibleabout the importance of source location.

pressure (MAP) between a loudspeaker and an earphone Having said that, one could easily consider “the case of

could be attributed to four methodological shortcomings: ifhe missing 6 dB” closed. And yet the debate was re-opened

inadequate determination of actual stimulus levels; ||)as scientists started to question the effects of Iistening with

physiological noise; iii) transducer distortion, and iv)an obstructed ear canal.

mechanical vibration coupled to the subject. This was later

confirmed through direct measurements by Rudmose [34 Return of the jedi

Vr‘:/]g?n Idreer:éf(;?]d trgasel;lg%i rf:om r g gggllglog:f(;::‘ e?](():lesse gf Tgigéidserd al. [6] studied the “relative perception of low and

frequencies for noise generated by earphones mounted Joh freauency sounds the open and occluded ear”. Their
indings revealed that for balancing tests ‘“normal-hearing

listeners tend to select an average 10 dB higher level for
low-frequency sounds at 500 Hz when listening with the ear
occluded than whetfistening with the ear open”. It should
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be noted that th&open ear” was excited by a loudspeaker acoustic reflex or added static pressure could explain our
while sound in théoccluded ear” was delivered by hearing latest results [7].
aid receivers. Hence, it is difficult to determine whether ear  Another possibility is that the factors causing the
occlusion actually had an impact on the reported differencediscrepancies observed for the occluded ear canal are the
as the “acoustic size” parameter may also have influenced same involved in the original “missing 6 dB problem”,
the results. although the data from Theg al. [8] remain unexplained

Recently, the present authors undertook a loudnedsy such considerations. Regarding the results from Keidser
balance experiment [7] where circum-aural headphonest al. [6], the source location could easily have affected the
were used to present sounds diotically in the open (meanimrgsults. The amplitude of the effect (10 dB instead of 4 dB
“no earplug”) and occluded (by an earplug) ear. The results as mentioned by Rudmose [3]) could be due to the increased
suggested the occluded ear needs more sound power for gmurce proximity inherent to the use of in-ear receivers. As
same achieved loudness, but further investigations showddr the recent findings from Bonnet al. [7], it is known
that these data may have been impacted by some inter-autiaht earplugs can affect our ability to localize sounds [9].
time difference (ITD) introduced by the earplug. Additional Therefore, the earplug might affect the lateralization task
tests shall be performed shortly and new results should even once the ITD issue is solved in future experiments.
presented at the conference.

Using a totally different experiment, The al. [8] 6 Conclusions
found that in-ear dosimetry tends to overestimate the noise .
dose when performed in the occluded ear. Their protocol i§2sed on our own experimental measurements and those
based on the assumption that TTS (Temporary Threshof§om other inquisitive studies, focus was made on the
Shift) is a good indicator of the noise dose received by ihEactors that should_ be considered when st.udymg the.effect
auditory system. These interesting results should, howeveﬁ’,f ear canal occlusion on loudness perception and/or risks of

be considered with caution as very few details about thBéaring damage. A list of studies was provided, but we
experimental procedure were provided. believe additional data are needed to draw more specific

conclusions on this issue. Hopefully, upcoming tests will
5 Discussion help resolve the problem.
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