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a b s t r a c t 

The distance of sound sources relative to the body can be estimated using acoustic level and direct-to- 

reverberant ratio cues. However, the ability to do this may differ for sounds that are in front compared 

to behind the listener. One reason for this is that vision, which plays an important role in calibrating 

auditory distance cues early in life, is unavailable for rear space. Furthermore, the filtering of sounds 

by the pinnae differs if they originate from the front compared to the back. We investigated auditory 

distance discrimination in front and rear space by comparing performance for auditory spatial bisection 

of distance and minimum audible distance discrimination (MADD) tasks. In the bisection task, partici- 

pants heard three successive bursts of noise at three different distances and indicated whether the second 

sound (probe) was closer in space to the first or third sound (references). In the MADD task, participants 

reported which of two successive sounds was closer. An analysis of variance with factors task and region 

of space showed worse performance for rear than for front space, but no significant interaction between 

task and region of space. For the bisection task, the point of subjective equality (PSE) was slightly biased 

towards the body, but the absolute magnitude of the PSE did not differ between front and rear space. 

These results are consistent with the hypothesis that visual information is important in calibrating the 

auditory representation of front space in distance early in life. 

© 2022 The Authors. Published by Elsevier B.V. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Our sensory systems receive information about the location of 

vents in the environment mainly via vision and hearing. The na- 

ure of the spatial information that hearing and vision provide is 

ery different. The visual system can quickly and precisely pro- 

ess spatial information about multiple objects in parallel, while 

earing provides less precise information when there are multiple 

ound sources ( Best et al., 2004 ). However, whereas vision is lim- 

ted by the size of the visual field and the current direction of gaze, 

earing provides information about auditory events all around the 

ody. These differences between the two sensory systems form the 

asis of sensory spatial calibration, a process whereby information 

rom a more accurate modality (vision) is used to calibrate a less 

ccurate modality (audition). 
∗ Corresponding author. 

E-mail address: n.vanderstoep@uu.nl (N. Van der Stoep). 
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It has been reported that the absence of one sensory modal- 

ty during the first few years of life influences the development of 

ther sensory modalities. Cross-sensory calibration theory emerged 

rom the observation that, before 8–10 years of age, the more ac- 

urate sense “teaches” (calibrates) the others, and that when a 

alibrating modality is missing, the other modalities are impaired 

s a result. Cross-sensory calibration theory is supported by evi- 

ence from studies of animals reared with altered vision and stud- 

es of congenitally blind individuals ( Gori et al., 2014 ; King, 2009 ;

nudsen and Knudsen, 1985 ; Vercillo et al., 2016 ). Studies of barn 

wls reared with prism glasses that shift the visual input in a spe- 

ific direction show that auditory localization shifts in the same 

irection ( Knudsen and Knudsen, 1985 ). These results highlight 

he important role of vision in calibrating auditory spatial percep- 

ion. In humans, congenital blindness (a lack of vision from birth) 

auses severe impairments in some aspects of the auditory percep- 

ion of space. When congenitally blind individuals perform a bi- 

ection task, in which they hear three successive sounds and have 

o indicate whether the second is closer in space to the first or 
nder the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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ast sound, they perform significantly worse than sighted individu- 

ls ( Gori et al., 2014 ). Vision is thought to be especially important

or calibrating extrapersonal auditory space beyond reaching and 

rasping distance, for which tactile information is not available for 

alibration ( Gori et al., 2014 ; Kolarik et al., 2016 ; Voss, 2016 ). How-

ver, vision cannot be used to calibrate auditory space in the rear 

emifield. 

Most studies supporting a role of vision in calibrating audi- 

ory spatial perception have focused on sources varying in az- 

muth, i.e. in horizontal space ( Aggius-Vella et al., 2018 ; Gori et al.,

014 ; Vercillo and Gori, 2015 ; Vercillo et al., 2016 ). Both spatial-

isection and minimum audible angle (MAA) tasks have been used 

 Aggius-Vella et al., 2020 , 2018 ; Gori et al., 2014 ; Tonelli et al.,

015 ; Vercillo and Gori, 2015 ; Vercillo et al., 2016 ). Performance 

n a bisection task is thought to depend on an internal spatial rep- 

esentation of the three sound sources ( Aggius-Vella et al., 2020 ; 

oss, 2016 ). The task is assumed to be performed by comparing 

elative distances within that internal representation. Hence, per- 

ormance is likely to depend on the availability of vision to accu- 

ately calibrate the internal representation of auditory space dur- 

ng development. An erroneously calibrated or uncalibrated inter- 

al representation of auditory space results in poor performance 

n this task ( Gori et al., 2019 ; Knudsen and Knudsen, 1985 ). 

In an MAA task, participants hear two sounds in succession and 

eport whether the second (probe) sound was to the right or left 

f the first (reference) sound ( Mills, 1958 ). The MAA task can be

erformed using cues such as interaural level or time differences, 

ithout relying on an auditory spatial representation. The observa- 

ion that sighted and blind participants perform similarly on MAA 

asks ( Gori et al., 2014 ; Vercillo and Gori, 2015 ; Vercillo et al.,

016 ) is consistent with this notion. This finding also suggests that 

erformance on MAA tasks is not dependent on the availability of 

ision to calibrate auditory space. Two studies showed that bisec- 

ion performance was better for front than for rear space, while 

AA thresholds were similar for front and rear space ( Aggius- 

ella et al., 2020 , 2018 ). These results are consistent with the idea

hat vision plays a role in mapping acoustic cues to an internal 

epresentation of the azimuth of sound sources, which is important 

or the spatial-bisection task, but not crucial for the MAA task. 

Although much is known about how vision influences auditory 

ocalization in horizontal space (for a review, see King 2009 ) it 

s unclear what role vision plays in calibrating acoustic cues for 

istance ( Alais and Carlile, 2005 ; Van der Stoep et al., 2015 ). Vi-

ual distance judgments are generally more accurate than auditory 

istance judgments ( Anderson and Zahorik, 2014 ; Da Silva, 1985 ). 

herefore, it seems plausible that vision plays a role in calibrat- 

ng acoustic distance cues early in life (see Agganis et al. 2010 , 

alcagno et al. 2012 ). The distance of a sound source with a fixed

evel at the source can be estimated using the level at the listener’s 

ars and the difference in level between the direct and reverber- 

nt sound in echoic environments (the direct-to-reverberant ratio, 

RR; Bronkhorst and Houtgast, 1999 ; Kolarik et al., 2013 a). Stud- 

es of auditory distance perception have shown that both sighted 

nd blind participants underestimate the distances of sounds lo- 

ated farther than 1 m away and, in addition, blind participants 

verestimate the distance of nearby sounds ( Kolarik et al., 2013 b; 

olarik et al., 2017b ). These findings indicate that blindness results 

n compressed auditory spatial representations of distance com- 

ared to sighted controls. The finding that blindness alters auditory 

istance perception suggests a role for vision in calibrating audi- 

ory distance perception. Partial visual loss has also been shown to 

ffect absolute auditory distance judgments; greater severity of vi- 

ual loss is associated with poorer accuracy in judging closer sound 

istances and greater accuracy in judging farther sound distances 

 Kolarik et al., 2020 ). However, previous studies that assessed abso- 

ute distance perception investigated performance for sounds pre- 
2 
ented either in front space only ( Kolarik et al., 2013 c, 2017b , 2020 ;

ahorik and Wightman, 2001 ; Zahorik, 2002a ), or at 90 ° azimuth 

elative to the participant ( Zahorik, 2002a ). 

The present study compared auditory distance judgments for 

ounds in front space and in rear space using a spatial-bisection 

ask and a minimum audible distance discrimination (MADD) task, 

sing sighted participants. As mentioned above, findings in the lit- 

rature strongly suggest that vision plays an important role in cal- 

brating auditory spatial perception during the early years of life 

 Gori et al., 2014 ). Vision is available to calibrate auditory spatial 

erception during development for sounds originating in front but 

ot in rear space (see Spence et al. 2020 , for a discussion of au-

itory perception in front and rear space). Therefore, we tested 

lindfolded normally sighted participants using sounds in both 

ront and rear space and compared their performance on the two 

uditory spatial tasks between these regions of space. We hypothe- 

ized that bisection thresholds would be lower for front space than 

or rear space. Based on the assumption that the MADD task can 

e performed using “raw” distance cues without relying on a cali- 

rated auditory representation of space, we also hypothesized that 

here would be no difference in MADD thresholds between front 

nd rear space. 

. Materials and methods 

.1. Participants 

There were twenty participants (mean age 27 y, range 23–30 

), 10 of whom were female. All participants had normal or near- 

ormal hearing, based on audiograms measured using the proce- 

ure described by the British Society of Audiology (2011) . Pure- 

one average (PTA) better-ear hearing thresholds over 0.5, 1, 2, 4, 

nd 8 kHz were less than or equal to 25 dB HL. The experiments 

ere carried out in accordance with the tenets of the Declaration 

f Helsinki. Following an explanation of the experimental proce- 

ure and possible consequences, informed consent was given by 

ll participants. Ethical approval was provided by the ethics com- 

ittee of the local health service (Comitato Etico, ASL3 Genovese, 

taly). 

.2. Apparatus and stimuli 

A schematic of the set up is shown in Fig. 1 . An array of 11

oudspeakers was positioned at the level of the participant’s ears, 

y adjusting the position of a chin rest at the start of the ex- 

eriment. During the experiment, a chin rest was used to posi- 

ion the participant’s head at the correct distance relative to the 

rray, and to ensure that the head position was kept constant 

hroughout the task. The loudspeakers were produced in-house by 

he Istituto Italiano di Tecnologia, and the on-axis frequency re- 

ponses of the individual loudspeakers were equalized (for more 

etails, see Ahmad et al. 2019 ). The sounds were played through 

he loudspeakers, which were positioned in a straight line on a ta- 

le with 7 cm between each loudspeaker, the closest loudspeaker 

eing 20 cm from the center of the head (see Fig. 1 ). The loud-

peakers faced upwards. This ensured that the sounds reaching the 

articipant’s ears were very similar for sounds in front and rear 

pace. The participant and loudspeaker array were positioned in 

he approximate center of a quiet room measuring 4 (width) × 8.7 

length) × 2.7 (height) m, which had painted walls, a tiled ceiling 

nd floor, and equipment and tables against the walls. 

Each participant performed a bisection task ( Fig. 1 A) and a 

ADD task ( Fig. 1 B) in two spatial regions: (1) directly in front 

f the participant (at 0 ° azimuth, Fig. 1 C), and (2) behind the par-

icipant (at 180 ° azimuth, Fig. 1 D). 
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Fig. 1. A schematic depiction of the positions of the sound sources and the participant’s location in the spatial bisection task (A) and the minimum audible distance 

discrimination task (B). The locations of the reference sounds are indicated in red and an example location of a probe sound is indicated in gray. The figure shows the front 

condition (A–C) and the rear condition (D). In the rear condition, participants were seated at the same distance from the closest loudspeaker but with their back to the 

loudspeaker array. 

Fig. 2. (. A) An example of a psychometric function for the bisection task. The x axis shows the position of the probe (0 corresponds to the position of the participant). 

The y axis shows the proportion of closer responses. The data (the dots) were fitted with a cumulative Gaussian function (continuous line). The midpoint of the function 

(corresponding to a proportion of closer responses equal to 0.5, see horizontal dashed line) was taken as the PSE (see the dashed vertical line), and the distance of the PSE 

from the physical center point between the two references was taken as the bias. In this example, the PSE is to the left of the actual midpoint of 55 cm, indicating a bias 

towards the body. The standard deviation ( σ ) of the fit, which is the reciprocal of the slope of the psychometric function, was taken as the estimate of threshold/precision. 

(B) The group average psychometric functions in the front (solid line) and rear space condition (dashed line) of the bisection task. (C) The group average psychometric 

functions in the front (solid line) and rear space condition (dashed line) of the MADD task. Shaded error bars in B and C indicate stand errors. 
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A custom-written Matlab (Mathworks, Natick, MA) script was 

sed to generate the stimuli on an Asus AA185 computer with 

 64-bit Realtek High Definition sound card. Sounds were routed 

o the loudspeakers via a virtual serial port (RS485), allowing 

he selection of the appropriate loudspeaker through software 

 Ahmad et al., 2019 ). Stimuli were broadband white noise bursts 

ampled at 44.1 kHz with 16-bit resolution, a frequency range 

rom 20 to 20,0 0 0 Hz, and a duration of 10 0 ms, including 10-

s rise/fall times, as used in previous work ( Aggius-Vella et al., 

020 ). Sound files were produced and saved prior to the exper- 

ment. For each stimulus presentation, a new noise sample was 

enerated. The inter-stimulus interval was 500 ms. The sound 

evel ranged from ∼69 dBA for the nearest loudspeaker to 59 

BA for the farthest loudspeaker (see Fig. 1 and 3 A), as measured 

y placing a sound level meter near the location of participant’s 

ar during the experiment, but without the participant being 

resent. 
3 
.3. Procedure 

The participants were blindfolded before entering the testing 

oom and throughout the experiment. Participants were instructed 

bout the procedure and were informed that they would hear 

ounds originating from different distances. 

In the bisection task, the two reference sounds were presented 

n a randomized order: the first sound was presented at a dis- 

ance of 20 cm and the third sound at 90 cm, or vice versa. The

econd/probe sound was presented from one of the 9 other loud- 

peakers (the reference loudspeakers were excluded). Participants 

ere required to verbally report if the second sound was closer 

o the first sound or the third sound. The probe distance in each 

rial was chosen by the QUEST adaptive algorithm ( Watson and 

elli, 1983 ), which estimated the point of subjective equality (PSE, 

he location of the probe perceived to be an equal distance from 

he two references) following each response and positioned the 
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robe near the PSE in the following trial. Sixty trials were run for 

ach space. The bisection task took about 45 min. 

In the MADD task, two sounds (the reference and the probe) 

ere presented in a random order on each trial. The reference 

ound was played from the central loudspeaker (55 cm from the 

articipant). The probe sound was played from one of the other 11 

ocations. The participants were instructed to report which of the 

wo sounds was farther away. The probe position was determined 

y a QUEST procedure that tracked the location of the probe lead- 

ng to a 50% probability of it being judged as closer than the ref-

rence sound. Sixty trials were run for each spatial region, which 

ook about 45 min. 

In both tasks, participants’ responses were recorded by the ex- 

erimenter. The order of space tested (front and rear) and the or- 

er of tasks (bisection and MADD) was random between partici- 

ants. No feedback was given, and the response time was not con- 

trained. Data were collected in a single session of approximately 

 h and 45 min, with rest breaks. 

.4. Analysis 

For the bisection data, the probability of the probe being judged 

s closer to the nearest reference was computed for each probe po- 

ition. For the MADD data, the proportion of “farther” responses to 

he probe sound was calculated for each probe position. Bisection 

nd MADD data were then fitted with cumulative Gaussian func- 

ions. An example for the bisection task is shown in Fig. 2 . The

tandard deviation ( σ ) of the fit (for which 1/ σ is proportional to 

he slope of the psychometric function) was computed as the es- 

imate of threshold (a measure of precision), for each participant 

nd spatial region. For the bisection data, the midpoint of the fit- 

ed function was taken as the PSE. The bias was calculated as the 

istance of the PSE from the physical center point at 55 cm. For 

he MADD data, the function midpoint was not analyzed. Measures 

f goodness of fit were obtained by calculating R 

2 values based on 

he differences between the obtained judgments and the fitted cu- 

ulative Gaussian functions. This method has been validated and 

pplied in several studies ( Alais and Burr, 2004 ; Gori et al., 2012 ;

orrone et al., 2005 ). To assess whether the R 

2 values differed sig- 

ificantly from 0, we computed the associated t-value obtained by 

he transform t = sqrt(R 

2 /(1-R 

2 ))/sqrt(1/(N-2)) and we compared it 

o Student’s t-distribution with N − 2 degrees of freedom, where N 

s the number of trials. The significance level ( α) was set to 0.05. 

For the bisection task, the bias (PSE shift from the true center) 

as compared between front and rear space and to zero using a 

 -test for each region of space, with α = 0.05. The threshold val- 

es ( σ ) were subjected to a within-subjects analysis of variance 

ANOVA) with factors task (spatial bisection versus MADD) and re- 

ion of space (front versus rear). 

. Results 

.1. Participant selection 

The measures of goodness of fit were used to determine 

hether the data for any participants should be excluded. Exclu- 

ion criteria were non-significant fit values ( p > 0.05) and/or R 

2 

alues smaller than or equal to 0.1. Based on these criteria, the data 

or three participants were removed from further analysis. Data 

rom 17 participants was further analyzed. There were no signif- 

cant differences in R 

2 between front and rear space for any of the 

asks (all 0 〈 t < 1.85, p 〉 0.08). 
4 
.2. Points of subjective equality 

The PSEs for the bisection task are shown in panel B of Fig. 3 .

he PSEs for front space ( M = 50.0 cm, standard error, SE = 1.6)

nd rear space ( M = 51.5, SE = 1. 6) did not differ significantly

 t (16) = −0.782, p = 0.446). 

To compare the PSE values with the actual center point be- 

ween the two references of 55 cm, two one-sample t -tests were 

erformed (with α corrected for multiple comparisons, giving 

= 0.025). The PSEs were significantly closer to the head than 

he actual center for front space ( t (16) = −3.138, p = 0.006, 

 = −0.761) but not for rear space ( t (16) = −2.229, p = 0.041).

ee Fig. 2 for the group average psychometric fits for both tasks. 

.3. Thresholds 

The bisection thresholds are shown in panel C of Fig. 3 . See 

ig. 2 for the group average psychometric fits for both tasks. An 

NOVA showed a significant main effect of region of space: 

 (1, 16) = 6.2, p = 0.024. Thresholds were lower (better) for front 

han for rear space. However, there was no significant interaction 

etween task and region of space: F (1, 16) = 0.61, p = 0.445. Thus,

he results do not support our hypothesis that thresholds would 

e lower for front than for back space for the spatial-bisection task 

ut not for the MADD task. 

The most reliable auditory distance cue available to the par- 

icipants in the current study was probably sound level. This cue 

ould be utilized either with or without relying on an internal au- 

itory spatial representation. The sound level at the participant’s 

ar is plotted as a function of sound source distance in panel A 

f Fig. 3 . The level decreases almost monotonically with increas- 

ng distance. The smallest detectable change in level for long- 

uration noises and highly trained listeners is approximately 1 dB 

 Irwin, 1989 ). For 100-ms noise bursts presented at a moderate 

evel to untrained listeners, as in the current study, the smallest 

etectable change in level is probably about 2 dB. The change in 

istance required to produce a change in level of 2 dB was ap- 

roximately 20 cm. This value is similar to the threshold estimates 

or the bisection task (15 cm for the front and 20 cm for the rear)

nd the MADD task (19 cm for the front and 21 cm for the rear),

onsistent with the idea that level was used as a cue. 

. Discussion 

The thresholds for both tasks were lower for front space than 

or rear space, consistent with the idea that vision is used to cal- 

brate acoustic distance cues during early life for front space only. 

he finding that the MADD thresholds were lower for front than 

or rear space could be explained in two (not mutually inconsis- 

ent) ways. Firstly, participants may perform the MADD task us- 

ng an internal spatial representation, rather than relying solely 

n “raw” acoustic cues. This internal representation may be more 

oorly calibrated for rear than for front space. Secondly, the avail- 

ble cues may differ for front and rear space. Sounds coming from 

he rear are partially shielded by the pinnae at high frequencies, 

o the physical intensity of the high-frequency components of the 

oise reaching the ear canal of the participants would have been 

ower for sounds from the rear than for sounds from the front. In- 

eed some of the highest frequency components in sounds from 

he rear might have been inaudible. This would apply mainly to 

he direct sound from the loudspeaker. Discrimination of changes 

n level is better at higher levels than low levels, and better for 

roadband sounds than for narrowband sounds ( Moore, 2012 ), and 

his could have led to the level cue being more effective for front 

pace than for rear space. 
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Fig. 3. A: The sound level of the stimulus at the participant’s ears for each loudspeaker distance. B: The average PSE values for front and rear space in the bisection task. 

The dashed line indicates the actual midpoint of 55 cm. C: The average thresholds for front and rear space for the bisection and MADD tasks. Error bars indicate ±1 standard 

error. The asterisk indicates a significant difference with p < 0.05. 
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The PSE for the spatial-bisection task was biased slightly to- 

ards the body, regardless of the region of space from which the 

ounds were presented. This may indicate that the internal spa- 

ial representation used in the bisection task is slightly distorted, 

onsistent with previous work showing differences between actual 

istance and distance judged using auditory cues ( Kolarik et al., 

013 a). However, the distortion might have occurred because the 

ound level at the participant’s ears did not vary with distance as 

expected” based on previous experience. The variation of sound 

evel with distance from a sound source depends on a variety of 

actors, such as the directivity of the source, the orientation of the 

ource relative to the listener, the positions of nearby reflecting ob- 

ects, and the extent of reverberation in the room. Our particular 

et up, with upward-facing loudspeakers lying on a table, may not 

ave led to a typical variation of sound level with distance. 

Previous studies of blind participants showed that their perfor- 

ance in judging absolute auditory distance ( Kolarik et al., 2013 a, 

017a ) and azimuth ( Gori et al., 2014 ; Vercillo et al., 2015 ) in front

pace was poorer than for normally sighted controls, presumably 

ecause their internal auditory spatial representations were poorly 

eveloped or deteriorated due to vision loss. These results are con- 

istent with the current findings for normally sighted participants, 

or whom the significantly lower thresholds for both tasks for front 

pace than for rear space are probably due to the tasks being 

erformed more accurately when visual calibration information is 

vailable early in life. Taken together, the current and previous re- 

ults provide support for the sensory calibration theory, which is 

hat visual information is required to accurately calibrate internal 

epresentations of auditory space. It remains to be determined how 

n auditory representation of the space behind the listener, where 

ision is not available, is calibrated or formed. It has been proposed 

hat rear auditory spatial representations may be calibrated using 

otor and/or tactile information. For example, blind participants 

ould calibrate rear auditory space by making active head move- 

ents in response to ongoing sounds or by feeling sound sources 

n close proximity to the body. Alternatively, it may be the case 

hat judgments of distance in rear space are always based on the 
5 
se of “raw” acoustic cues, rather than on an internal spatial rep- 

esentation. 

The nature of auditory spatial representations in front and rear 

pace may depend on the frame of reference in which the infor- 

ation is encoded. Auditory information is initially encoded in a 

ead-centered reference frame and later transformed into an eye- 

entered reference frame ( Cohen and Andersen, 2002 ). However, 

he results from a study of the objective auditory egocenter sug- 

ests that the auditory information is not always encoded into 

n eye-centered frame of reference. Whereas auditory locations in 

ront space are encoded in an eye-centered reference frame, audi- 

ory information from rear space seems to be encoded in a head- 

entered reference frame ( Neelon et al., 2004 ). This makes intuitive 

ense as no eye-movements can be made to sounds that originate 

rom the space behind the head and therefore does not require a 

ransformation from a head-centered to an eye-centered reference 

rame. In contrast, humans can make eye-movements to sound 

ources that occur in the visual field in front space which requires 

 rapid transformation of auditory locations in a retinotopic/eye- 

entered frame of reference ( Schut et al., 2018 ). These differences 

n spatial reference frames between sounds originating from front 

s. rear space are in line with the idea that vision plays an impor- 

ant role in the spatial representation for front but not rear sounds. 

t could be that the different types of spatial reference frames have 

ifferent spatial resolutions. As a result, rear auditory spatial repre- 

entations may be less precise due to the lack of visual calibration 

f those spatial representations. 

One avenue for future research would be to investigate what 

ues are actually used for spatial bisection of distance. As stated 

n the Introduction, the two primary cues to auditory distance are 

evel ( Gamble, 1909 ; Gardner, 1969 ; Kolarik et al., 2013 a) and DRR

 Bronkhorst and Houtgast, 1999 ; Kolarik et al., 2020 , 2017a , 2016 ;

ahorik, 20 02a , 20 02b ; Zahorik et al., 20 05 ). In the “normal” room

ested in the current study, both level and DRR cues were available. 

owever, environments can vary greatly in terms of their acoustic 

haracteristics. For example, highly echoic environments such as 

hurches contain substantial reverberant energy, making the DRR 
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ue more salient. But if the distance of the source is too large, the 

irect sound might not be audible at all, making distance judg- 

ents difficult or impossible. Future studies could help to eluci- 

ate the role of level and DRR using virtual acoustics, allowing the 

wo cues to be systematically manipulated. 

Another area for future research would be to compare bisec- 

ion and MADD performance for distance in peripersonal space, 

ithin approximately 1 m from the participant, and in extraper- 

onal space, farther than 1 m. In the absence of vision, touch might 

e used to calibrate peripersonal auditory space ( Serino et al., 

011 ). Measurements of distance bisection and MADD thresholds 

ould provide insight regarding whether auditory distance can be 

alibrated using tactile feedback in peripersonal space for blind 

articipants. 

. Conclusions 

Thresholds for both the spatial bisection task and the MADD 

ask were lower for front than for rear space. This is consistent 

ith the notion that auditory representations of space are better 

alibrated for front than for rear space, because of the availability 

f vision for the former. However, the differences between front 

nd rear space might also partly be a result of differences in the 

vailable cues, especially the level cue. 
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