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1.4.%Variability%specifically%due%to%headphone%positionning%

Most!of!test@retest!(with!systematic!removing!of!headphone)!experiments!cited!above! have! mixed! the! two! contributions! "threshold! variance"! and! "fitting! variance".! Indeed,! when! only! two! audiograms! are! realized,! the! effect! of! headphone! repositioning! is! merged! with! cognitive!factors,!procedure!validity,!etc.!! In! order! to! separate! between! "threshold! variance"! and! "fitting! variance",! three! audiograms! have! to! be! measured:! two! with! the! same! headphone! position! (the! difference! between!these!measurements!involves!only!"threshold!variance"),!and!a!third!with!an!other! headphone!position!(the!difference!between!this!third!measurement!and!the!two!other!ones! involves!both!"threshold!variance"!and!"fitting!variance").! Few! studies! have! separated! the! two! contributions! by! repeating! the! threshold! measurement! both! with! and! without! headphone! replacement.! Two! of! them,! using! insert! earphones,! found! an! effect! of! earphone! replacement! [11,! 24].! Hickling! [5]! showed! that! the! removal! and! replacement! of! TDH39! supra@aural! headphone! significantly! reduced! the! reliability!of!6!and!8!kHz!thresholds!in!comparison!to!repeated!threshold!measurements!for! the! same! headphone! position! (but! no! effect! at! 1! and! 2! kHz).! ! However,! only! these! four! frequencies! were! under! test.! Erlandsson! et! al.! [START_REF] Erlandsson | ! The! reliability! of! Bekesy! sweep! audiometry! recording! and! effects! of! the! earphone! position[END_REF]! and! Gauz! et! al.! [START_REF] Gauz | !High@frequency!Bekesy!audiometry:! III.!Reliability!and!validity!revisited.!The)[END_REF]! both! compared!!! auditory! thresholds! obtained! when! a! circumaural! headphone! was! repeatedly! replaced! to! thresholds!obtained!when!the!headphone!position!was!fixed.!Erlandsson!et!al.! [START_REF] Erlandsson | ! The! reliability! of! Bekesy! sweep! audiometry! recording! and! effects! of! the! earphone! position[END_REF]!reported!a! significant! effect! of! circum@aural! headphone! replacement! on! threshold! measurements! but! Gauz!et!al.! [START_REF] Gauz | !High@frequency!Bekesy!audiometry:! III.!Reliability!and!validity!revisited.!The)[END_REF]!reported!no!such!significant!effect.! ! ! ! ! ! 4!

1.5.%Summary% %

From!all!these!previous!works!it!can!be!seen!that!:! @ Studies! exhibited! large! differences! in! their! measurement! methods! and! most! of! them! consider! a! 5! or! 10dB! precision.! As! a! consequence,! results! are! often! contradictory! and! do! not! enable! to! really! know! if! circumaural! headphones! are! more!or!less!reliable!than!supra@aural!headphones.! @ Most! of! the! studies! used! only! one! retest! (with! headphone! repositioning),! and! did! not!enable!to!draw!a!global!conclusion!about!the!effect!of!the!headphone!placement! independently!of!the!"threshold!variance".!! @ Most! of! the! studies! tested! frequencies! up! to! 8kHz! (however! few! papers! tend! to! indicate! that! positioning! reliability! would! be! more! problematic! in! higher! frequencies,!but!counter@arguments!might!be!found!among!this!literature! [START_REF] Zhou | ! Reliability! of! pure@tone! thresholds! at! high! frequencies.! The![END_REF]).!!! @ In! addition,! the! circumaural! headphone! HD600! is! nowadays! often! used! in! 

  psychoacoustics!experiments!and!a!recent!study![23]!has!shown!that!modifications! of! the! position! of! this! headphone! led! to! audible! changes.! However! no! study! has! specifically!studied!the!threshold!reliability!with!this!headphone.! ! Taking! all! these! considerations! into! account,! the! present! study! aimed! at! measuring! auditory!thresholds!with!high!precision!(1!dB!step)!on!a!large!frequency!range!(from!125!Hz! up!to!14!kHz)!using!both!Sennheiser!HD600!(circum@aural)!and!Telephonics!TDH39!(supra@ aural)! headphones,! with! and! without! headphone! repositioning.! Threshold! variability! was! then! investigated! by! comparing! the! audiograms! obtained! on! both! identical! and! different! headphone! positions,! and! enabled! to! separate! between! "threshold! variance"! and! "fitting! variance"!ANSI!procedure![26]!was!used.!The!audiometry!included!measurements!at! octave!intervals!from!250!Hz!through!8!kHz,!and!additional!thresholds!were!tested!at!125!Hz,! 6!kHz,!11!kHz,!and!14!kHz.!We!used!the!octave!intervals!from!250!Hz!through!8!kHz!because! they!are!used!in!clinical!audiometry!(according!to!ANSI).!Several!frequencies!were!added!to! expand!the!measurement!range!towards!the!low!and!high!frequencies!(125!Hz,!11!and!14!kHz! respectively
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 911 Figure! 1! (for! HD600)! and! Figure! 2! (for! TDH39)! show! the! absolute! value! of! the! differences! between! different! or! identical! positions,! for! each! frequency! and! for! all! subjects.!Note! that! for! different) positions,! the! two! differences! for! consecutive! and! non@consecutive! measurements! (|B@A|! and! |C@A|,! or! |C@B|! and! |C@A|)! were! merged.! As! the! distribution! of! differences!did!not!fit!a!normal!distribution!according!to!a!Kolmogorov!-Smirnov!test,!means! and!standard!deviations!were!not!suitable,!so!boxplots!were!displayed!!instead:!on!each!box,! the!central!mark!is!the!median,!the!edges!of!the!box!are!the!25th!and!75th!percentiles,!and!the! crosses!indicate!the!subjects!out!of!this!range.!