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Children between the ages of 4 and 7 and adults were tested in free field on speech intelligibility
using a four-alternative forced choice paradigm with spondees. Target speech was presented from
front (0°); speech or modulated speech-shaped-noise competitors were either in front or on the right
(90°). Speech reception thresholds were measured adaptively using a three-down/one-up algorithm.
The primary difference between children and adults was seen in elevated thresholds in children in
quiet and in all masked conditions. For both age groups, masking was greater with the speech-noise
versus speech competitor and with two versus one comgsjitbtasking was also greater when the
competitors were located ifront compared with theight. The amount of masking did not differ
across the two age groups. Spatial release from masking was similar in the two age groups, except
for in the one-speech condition, when it was greater in children than adults. These findings suggest
that, similar to adults, young children are able to utilize spatial and/or head shadow cues to segregate
sounds in noisy environments. The potential utility of the measures used here for studying
hearing-impaired children is also discussed. 2@05 Acoustical Society of America.
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I. INTRODUCTION Bronkhorst, 2000; Cullinget al, 2004. Spatial cues in par-

, . ticular play a key role in facilitating source segregation.
d_smldren_spend ?umerohus hot"s cevery dayhln Comﬁ!efgpeech intelligibility improves by up to 12 dB when the
audrtory environments, such as classrooms, where muftip ?arget speech and competing sounds are spatially separated,

sounds that vary in content and direction typically co-occur. L . :
resulting in “spatial release from masking(Plomp and

In addition to voices of adults and children, instructional impen. 1981: Bronkhorst and Plomp, 1992; Nilssairal,

aids, environmental sounds, and reverberation are standa?é%' Koehnk d Besing. 1996: Peissi 4 Kollmei
aspects of acoustic environments in classrooms. Some wo » roehnke and besing, , FEISSIg and rolimeler,
1997; Hawleyet al,, 1999, 2004; Shinn-Cunninghaet al,,

indicates that children learn best in relatively quiet environ- i
ments, and often have difficulty hearing speech in the pres2001; Litovskyet al, 2002. .
ence of distracting sound&Crandell, 1993; Yacullo and The extent to which children demonstrate spatial release
Hawkins, 1987; Papso and Blood, 198%sychophysical from masking for speech is poorly understood. Of particular
studies in which stimuli were presented over headphonekiterest in the present study is the effect of number of
have shown that, compared with adults, preschool listener@askers, as well as their content, on the extent to which
exhibit poorer attentional selectivity on auditory tagksy.,  young children experience spatial release from masking. In
Stellmacket al,, 1997; Ohet al, 200]) and reduced unmask- adult listeners spatial release from masking is especially
ing for tone detection under dichotic conditiof\&ightman  large for multiple(two or more maskers that carry linguistic
et al, 2003; Hallet al, 2004. content or contexti.e., speech or reversed spegdand rela-
Also under headphones, it has been found that in theively small for a single, nonspeech masker such as speech-
presence of two-talker maskers speech reception thresholdgaped nois¢Hawley et al, (2004; see also Bronkhorst
are higher in children than adults, and for both age group$2000 for review]. The authors of those works have con-
thresholds are higher in the presence of two-talker maskerguded that release from masking as provided by spatial cues
than with speech-shaped noise mask@tall et al, 2002. s particularly effective when the auditory environment is
Headphone stimulus presentation is limited, however, bef:omplex. The concept of “informational masking” has been
cause spatial cues that are known to be important for soungh,oked to explain this phenomenon, whereby, in the pres-
segregation in realistic environments are missing. Studiegnce of maskers that are harder to ignore, spatial cues be-
with adults have ShF""’” that the ability t_o sggregate _targe&)me important for sound source segregation. In this case,
speech from competlng speech and/qr NoISE 1S Qetermlned tMaskers that are multiple in number and/or that carry infor-
a complex set of auditory computations that involve both . . . . .
monaural and binaural processetawley et al, 1999, 2004: mation resembllng that contalned_ in the target result in
greater spatial release from maskifegg., Brungart 2001;

Freymanet al, 2001; Arbogaset al., 2002; Durlachet al,,
dSelect portions of these data were presented at the 143rd Meeting of tr@oo&

Acoustical Society of America, Pittsburgh, PA, and at the 24th Meeting of | di h d th h Ki .
the Association for Research in Otolaryngology, Tampa, FL. Several studies have reported that speech masking in

DElectronic mail: litovsky@waisman.wisc.edu children depends on the masker tyfeapso and Blood,
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TABLE |I. List of conditions tested for childrefnine subjects per conditipn

No. of Age range Competitor
Group competitors (years. months SD) type Conditions
1 1 5.4+1.1 Speech Quiet, 1 front, 1 right
2 1 5.6£1.2 Speech-noise Quiet, 1 front, 1 right
3 2 5.8:1 Speech Quiet, 2 front, 2 right
4 2 5.6-1 Speech-noise Quiet, 2 front, 2 right
1989; Hallet al,, 2002, 2004 However, the effect of num- Nine paid adult volunteers, with normal hearing as veri-

ber and spatial cues, and the possible contribution of thesied by standard audiometric testing for frequencies between

stimulus parameters to spatial release from masking, remai®50 and 8000 Hz, and English as their first language, were

poorly understood. Binaural abilities in children are adultlikealso tested. Since testing was much less time consuming with

on measures of binaural masking level differen@dezza  adults than with children, a within-subject design was used

et al,, 1988; Mooreet al,, 1991 and minimum audible angle whereby each subject participated in all conditions that per-

(Litovsky, 1997. Since spatial cues are known to play a keytained to the four groups of children.

role in speech understanding for adults, it is important to

understand how young children comprehend speech in reaB. Testing chamber, materials apparatus

istic, multi-source acoustic environments, and the conditions . . .
' , Testing was conducted in a single-walled sound booth

that enable them to benefit from spatial cues. The researc

paradigm used here may ultimately also be useful in evalufirﬁix(‘}r n;)_glgz) r?wa;rger?dn%m-ll—)ri“esntr?]c())?;eh;c\i/eallsrzzg:geirr?tm%
ating performance of hearing-impaired children. Noisy envi- 60/ = . . ging

. . . : . dB SPL. During testing, subjects were always seated in the
ronments are particularly problematic for children with a his-

tory of otitis media(e.g., Hall et al, 2003; Mooreet al, center of the room, with loudspeakeRadio Shack Mini

) ! . mus 7 placed at 15.24 cm above ear level for childfear
2003; Robert®t al, 20049 and for hearing aid and cochlear .
; J level for adultg and at a distance of 1.67 m from the center
implant users(e.g., Dawsonet al, 2004; Eisenbergt al,, N S L

o . of the subject’s head. All stimuli were prerecorded, digitized,
2004; Litovskyet al,, 2004. Because the important task of :

. : . . nd stored on a laptop computéninbooKk. In the one-
hearing speech in noise can be a daily struggle for many o

these children, ultimately their performance on these mea;_:ompetltor conditions, the target and competing sound were

. L . - . ed to separate channels of a two-channel sounddaigi-
sures can assist with diagnosis and fitting strategies. ram VX Pockel, amplified(Crown D-73, and presented to
In the present study the task involved a four-alternative) P ' P

forced-choice(4AFC) word discrimination paradigm. Sub- separate loudspeakers. When both target and competitor

jects selected a picture that matched the speech target frofe < presented from the front position, the speakers were

. laced next to one another, with their centerst@°, with
an array of four pictures that appeared on a computer mon their medial walls nearly touching. Each loudspeaker sub-
tor. Other tests such as the HINT{@lilsson et al,, 1994 y 9. P

. . T ” . tended 4° in the horizontal dimension, hence strictly speak-
may be usable for measuring speech intelligibility in noise in, o .
ng, speakers were separated by 4°. In the two-competitor

hildren n r t are difficul implemen "
cr dren as you g as 6 years, but are difficu t_to pleme fcondmon, when both occurred from the front, they were pre-
with younger children. The test protocol described here was . )

2 , . . .sented from the same loudspeaker. Target stimulus selection,
specifically designed to enable the study of speech intelligis

L . - evel controls, and output as well as response acquisition
bility in noise in children as young as 4 years old, an age al[ P P d

which many children begin to spend a significant number ofvere achieved using Matlab. A picture book containing four

. : : target pictures per page was placed on a small table in front
hours in noisy environments such as preschool classrooms(.)f the subject

C. Stimuli

Il. METHODS
A. Subjects Stimuli conS|sted_ oftarget wordsand competing sen-

' tences Targets comprised a closed set of 25 spondaic words

A total of 36 volunteer children were recruited from lo- from CID W-1 obtained from Auditech and spoken by a male

cal public schools and the general commuriit males and talker. Although a larger set of words is available, the subset
22 femaleg and all subjects completed testing on the threechosen for the present study consisted of words that were
required conditions. Subjects ranged in age from 4.5 to 7.®asily represented with a visual illustration and readily rec-
years(average and standard deviatioh.5=1 years; see also ognized as such during pilot testing of 20, 4 to 5 year-old
Table ).} All were native speakers of English with no known children (a list of the target words used is shown in the
auditory dysfunction or other cognitive disorders. AccordingAppendiX. The root-mean-square levels were equalized for
to the parents’ report, none of the children were on medicaall target words using Matlab software. The competitors were
tion or had known illness or ear infections on the day ofeither speech or modulated speech-shaped noise. Competing
testing, and none of the children had a known history ofsentences were taken from the Harvard IEEE(Rathauser
hearing loss. Total testing time for each listener was approxiet al, 1969 and recorded with a female voice. Examples of
mately 45 min. sentences are “Glue the sheet to the dark blue background,”
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“Two blue fish swam in the tank,” and “The meal was F. Speech reception threshold estimation
cooked before the bell rang.” Ten such sentences were used,

) . _ The test involved a single interval 4AFC discrimination
and these were presented in a random order during testin

. . Brocedure. On each trial, the child viewed a set of four pic-
Speech-noise was made based on the ten competitor S&lires from the set of 25 picture-word matches. A word

tences and also played in a random order during tesnng}hatching one of the pictures was randomly selected and pre-

These interferers were filtered to match the long-term SPeCsented from the front speaker. A leading phrase such as

trum of the speech competitors, calculated for each talkexPoint to the picture of the...” or “Where is the...” preceded
separately. The noise samples were scaled to the same ro Geh target word. The child was asked to select the picture
mean-square value_ and cut to the same length as the mat atching the heard word, and to guess if not sure or if the
ing speech compet|t_or. The envelope was then extracted fromord was not audible. The randomization process ensured
the speec_h_compentor and was used to modulate the NOI$Kat for every subject, on average, all 25 words were selected
tokens, giving the same coarse temporal structure as t equal number of times. The experimenter entered the
speech. The.er.welope of running speech was extracted us"&ﬂild’s response into the computer. Following correct re-
a method s!m|lar to .that desgrlbed by Festen a”_d PIC)mlgponses, feedback was provided in the form of 3-s musical
(1990 n which a.rect|f|ed version of the waveform. is low- clips from popular children’s music. Approximately 20 clips
pass fllltered. A first-order Butterworth low-pass filter was, o e digitized and stored on the computer, and randomly
used with a 3-dB cutoff at 40 Hz. selected on correct-feedback trials. Following incorrect re-
sponses, feedback was provided in the form of a brief phrase
such as “Let’s try another one” or “That must have been
difficult.” Five such phrases were digitized and stored on the
computer, and randomly selected on incorrect-feedback tri-

The target words were always presented from the frongg.
(0°). Competitors were presented from either front or side  aAn adaptive tracking method was used to vary the level
(909). Four groups of children with nine subjects per groupof the target signal, such that correct responses result in level
were testedsee Table)l The side condition was always with decrement and incorrect responses result in level increment.
competitos) on the right. Each child subject was randomly The algorithm includes the following ruleél) Level is ini-
assigned to a group that was tested on one combination ¢fjly reduced in steps of 8 dB, until the first incorrect re-
type (speech or speech-nojsand number(1 or 2 of com-  sponse.(2) Following the first incorrect response a three-
petitor(s). The subject was then tested on three conditionsgown/one-up rule is used, whereby level is decremented
(1) quiet no competitofs), (2) front: target and competit®)  following three consecutive correct responses and level is
in front, and(3) right: target in front and competits) at 90°  incremented following a single incorrect responés). Fol-
on the right; the order of conditions was randomized using 3owing each reversal the step size is halvél. The mini-
Latin-square design. For the adult group, testing was conmum step size is 2 dB(5) A step size that has been used
ducted in a single 2-h session, with the order of the ninqyice in a row in the same direction is doubled. For instance,
conditions randomized for each listener. if the level was decreased from 40 to @&ep=4) and then

For each condition one adaptive track was measurethgain from 36 to 32step=4), continued decrease in level
When two competitors were presented they were of the samgould result in the next level being 24tep=8). (6) After
type, but different samples were used for the two sources; ifhree consecutive incorrect responses a “probe” trial is pre-
the two-speech conditions the same female voice was presented at the original level of 60 dB. If the probe results in a
sented, speaking two different sentences, and in the twqorrect response the algorithm resumes at the last trial before
speech-noise conditions two different segments of the noisgye probe was presented. If more than three consecutive
were presented. probes are required, testing is terminated and the subject’s
data are not included in the final sampl@) Testing is ter-
minated following five reversals.

For each subject, speech-reception-threshd8RT9
were measured for each condition. At the start of each SRT

The present study was not aimed at testing children’sneasurement, the level of the target was initially 60 dB SPL.
vocabulary, but rather their speech intelligibility for known When competitors were presefrton-quiet conditions, the
words. The 25 words were selected from the spondee lidevel of each competitor was fixed at 60 dB SPL, such that
after pilot testing indicated that 20, 4 to 5 year-old childrenthe overall level of the competitors was increased by ap-
were either familiar with the words or could easily ascertainproximately 3 dB when two competitors were presented
their meaning after one presentation. For each of the 2B8ompared with the one-competitor conditions. Thus, the
words a commissioned artist-drawn picture was used to viadaptive track began with a signal-to-noise ratio of 0 dB in
sually represent the meaning of the word. Prior to testingthe one-competitor cases arB dB in the two-competitor
subjects underwent a familiarization sessiapproximately cases.
5 min in duration in which they were presented with the Results were analyzed using a constrained maximum-
picture-word combinations and tested to insure that they adikelihood method of parameter estimation outlined by Wich-
sociated each of the pictures with their intended auditorymann and Hill(2001a, B. All the data from each experimen-
target. tal run for each participant were fit to a logistic function.

D. Design

E. Familiarization
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Thresholds were calculated by taking the inverse of the func- Children Adults
tion at a specific probability level. In our 4AFC task, using front-quiet
an adaptive three-down/one-up procedure, the lower bounc “
of the psychometric function was fixed at the level of chance & ,, |
performance, 0.25, and the threshold level corresponded ti§ |
the point on the psychometric function where performance £ 20
. . . £
was approximately 79.4% correct. Biased estimates ofg
threshold can occur. Bias can be introduced by the samplin¢%
scheme used and lapses in listener attention. Wichmann an
Hill (2001a, b demonstrated that bias associated with lapses

Speech Speech-noise Speech Speech-noise

was easily overcome by introducing a highly constrained pa- ——
rameter to control the upper bound of the psychometric func- =2
tion. This approach was used to assess our data. The upp right- quiet

bound of the psychometric function was constrained withina 40
narrow range(0.06 as suggested by Wichmann and Hill g
(2001b. As the authors suggest, under some circumstancesfg
bias introduced by the sampling scheme may be more prob s 2
lematic to avoid even when a hundred trials are obtained pe%
level visited. The possibility of biased threshold estimates & *
due to our sampling scheme was assessed by comparing tt | |
thresholds obtained using the constrained maximum- Speech Speech-noise
likelihood method with traditional threshold estimates basedriG. 1. Average(+SD, dB SPL differences between speech reception
on the last three reversals in each experimental run. A rethresholds(SRTs in the masked and quiet conditions. Data are plotted for
peated measureetest on quiet thresholds for the 36 children font (top panels and right (bottom panels conditions, for children(left

.. L . panels and adultqright panel$. Each panel compares difference values for
tested revealeq no statistically S|gn|f|can't d|ﬁer_encethe speech and speech-noise competitors when the number of contpetitor
between the estimated threshold values obtained using thes either ongblack bars or two (gray bars.
ML approach versus the traditional approdcfi35)=1.37,
p>0.05, two tailed.

Speech-noise

>3.34 andp<<0.004). Significant differences were found for
all 12 comparisons, suggesting that adults’ SRTs were lower
than those of children for all conditions tested.

SRTs were statistically analyzed for the children groups  Figure 1 shows group mearis-SD) for masking(dif-
using a mixed-design analysis of varian@gNOVA) with ~ ferences between masked and quiet SRffer each subject
two between-subjects variablesiuumber of competitors, masking amounts for front and right were obtained by sub-
competitor typg and one within-subjects variabl@ondi-  tracting quiet SRTs fromfront andright SRTs, respectively.
tion). Significant main effects of numbgiF(1,32)=4.05; To place the masking values into context, averag&D)
p<0.05] and condition [F(2,32)=119.57, p<<0.000]  SRTs for all groups and conditions are listed in Table II.
were found, but there was no effect of type. Significant in-Statistical analyses on the amount of masking for the child
teractions were found for condition with numbgF(2,64)  groups were conducted with a three-way mixed-design
=66.50; p<0.03] and condition with type [F(2,649  ANOVA treating condition(front minus quiet, right minus
=162.01; p<0.001]. Scheffe’s posthoc contrasts (signifi-  quied as the within-subjects variable and competitor type
cance valugp<0.05) showed that SRTs iguiet were sig- and number as the between-subjects variables. A significant
nificantly lower than SRTs in eithdront or right. Children  effect of condition[ F(1,32)=29.13; p<<0.0001 suggests
tested with two competitors had significantly higher SRTs
than those tested with one competitor for frent andright TABLE Il. Mean (+SD) speech reception thresholtia dB SP1)?
conditions(further comparisons betwedront andright are

Ill. RESULTS

described below with regard to spatial release from maskSouP Quiet Front Right

ing). Finally, for reasons that are not clear, SRTs on the quiethildren

conditions were lower in the two speech-noise groups than i speech 26.03.81) 41.81(6.3) 36.64(6.48

the groups tested with the speech competitors. Adulg sPeech 273825  47.75(6.30  40.33(6.29
1 speech-noise 23.7%56 44.37(6.50 40.13(3.89

data were analyzed with a one-way ANOVA for the nine
conditions, which revealed a significant main effect
[F(8,8)=3.77; p<0.05. Scheffe’'s posthoc contrasts Adults

2 speech-noise 21483 48.01(2.07 44.41(7.18

) . 1 speech 3.88.18 16.71(5.66 16.86(3.84
[F(8,8);Fp<0.01 reveal_e_d thaQUle_tSRTs were lower than 2 speech 23.354.41 20.43(4.0D
SRTs on all other conditions. Child and adult SRTs were; speech-noise 27.38.28 22.25(4.82
compared with independettests for each of the nine con- 2 speech-noise 32.92.40 27.60(8.69

ditions; since theguiet condition was tested for each of the =——— _ -
child groups, a total of 12 comparisons were conducted. Thelt is |mportan_t to recall that each child was tested on three conditions

. . h . . (quiet, front, righj for one masker type, and that each adult was tested on
Bonfgrronl adjustment for mUlt'p_le comparisons as describedy| nine conditions, hence only one entry in Table Il for adult quiet thresh-
by Uitenbroek (1997 was applied(df=16, criterion oft olds.
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A: Individual Child Data B: Average Child Data

40 40 1 Speech 7
O 2 Speech // -
8 4 s | X 1Speech-noise| g
2 <> 2 Speech-noise 5
2 =
= (]
3 e
e 201 20 / o
2 /X £
E 7/ _ 0 &
£ 101 10 7 5
2 / g
// FIG. 2. Masking amount&ifferences
01 01 4 between masked and quiet thresholds
for the Right minus Quietonditions
) ' ' ' are plotted vsFront minus Quieton-
0 10 20 30 40 ditions. PanelgA) and (C) show data
Front minus Quiet (dB) Front minus Quiet (dB) for children and adults, respectively;
each symbol denotes data from an in-
dividual subject, and the four different
. s 1 symbols refer to the type/number com-
C: Individual Adult Data D: Average Adult Data ’ bination of competitas). The diago-
40 - 40 | nal lines denote equality between the
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that masking in thdront minus quietcondition was higher for all subjects and conditions tested. If no spatial release
than in right minus quiet Significant effects of type from masking occurred, the points would be expected to fall
[F(1,32)=15.51; p<0.000] and number [F(1,32) along the diagonal. Points falling below the diagonal would
=6.95; p<0.013 further suggest that masking was greaterbe indicative of spatial release from masking. Alternatively,
for two competitors than one, and greater for the speechpoints falling above the diagonal would represent cases in
noise competitor compared with speech. There were no sigrvhich thresholds were higher when the competitors were on
nificant interactions. For the adult subjects, a three-way rethe right rather than in front. The majority of individual data
peated measures ANOVA (conditionXtypexnumbej points in Fig. 2 are below the diagonal, and average points
suggested, similar to the children, that masking was greatdor all but one group are also indicative of spatial release
in the front versus right conditions [F(1,8)=27.72; from masking.
p<0.001, greater with speech-noise than spe¢Ef1,8) Figure 3 summarizes the findings for spatial release
=30.72; p<0.00] and greater for two compared with one from masking. For children, group average values are be-
competitor[F(1,8)=16.71; p<0.004. Masking data for tween 3.6 and 7.5 dB; the overall average for all 36 children
child and adult groups were compared with independenis 5.25 dB. For adults, group averages range from 0 to 5.2 dB
t-tests for each competitor location/type/number combinawith an overall average of 3.34 dB. Children’s data were
tion, and the Bonferroni correction for eight comparisonsanalyzed with a two-way between-subjects ANOWpe
was applied(Uitenbroek, 199Y. None of the comparisons Xnumbej, revealing no significant main effects or interac-
yielded a significant difference in masking between the childions. This lack of an effect may not surprising given the
and adult groups, and none of the interactions were signifilarge intersubject variability, which is notable in FigA3;
cant. while some children had spatial release from masking values
Spatial release from masking was defined as the differgreater than 10 dB, other children had values near 0, and a
ence between front maskindront minus quiet and right  small number had negative values. Adult data were analyzed
masking (right minus quiet Figure 2 shows individual with a two-way repeated measures ANOWpexnumbey,
points forright minus quietplotted versudront minus quiet also revealing no significant effects or interactions. Finally,
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A: Child Spatial Release from Masking learn in noisy and reverberant environments, especially
20 given that such abilities are known to be compromised com-
(] pared with abilities measured under quiet conditieng.,
ANSI, 2002; Yacullo and Hawkins, 1987; Kneckt al,
2002. The results can be summarized as follo¢s:Adults’
SRTs were lower than those of the children for all conditions.
(2) For both age groups masking was significantly greater
with speech-noise than with speech and with two competi-
tors compared with oné3) The amount of masking did not
differ across the two age groupgl) The amount of spatial
release from masking was similar for children and adults on
all but one condition(5) The number or type of competitor
did not affect the size of spatial release from masking for
either age group.

15

10 |

Spatial Release From Masking (dB)
[}

18P 28P 1SP-Ns 2SP-Ns A. SRTs and masking amount

Group The primary age difference was that of higher SRTs in

children than adults, in quiet and in all masked conditions.

B: Adult Spatial Release from Maskin ) : ; . -
g . This age effect is consistent with existing developmental

. &0 psychoacoustic literature, which has shown that children
@ 15 1 © ages 4 to 7 typically have higher tone detection thresholds
= compared with adultde.g., Busset al, 1999; Ohet al,
% 10 1 o 2001). Similarly, recognition of spondee words such as those
b= ® used here in temporally modulated noise has been shown to
5 5] produce higher thresholds in 5 to 10 year-old children than in
“é 0L <®— _ adults(Hall et al,, 2002.
s O The age effect found here can be attributed to a combi-
e 5] @ nation of peripheral and central mechanisms. Peripherally,
8 ® o frequency resolution is highly similar to that of adults by 5
a -10 4 years of age(Allen et al, 1989; Hall and Grose, 1991;
(%] . .
45 Veloso et aI.3 1999. Howe_ver, young children appear to in-
) 2SP  1SP-Ns 2 SP-Ns tegrate auditory information over a greater number of audi-
tory channels than adults, suggesting that their ability to ex-
Group tract auditory cues, and in the present study to identify target

, _ _ words at low signal levels, is likely to be still developing
FIG. 3. Spatial release from masking values are shown for children an

adults in panel$A) and(B), respectively. Each panel shows values grouped(ﬂe'g" Hall et al, 1997; Busse'_i al, 1999; Hartle_:yet al,,

by competitor type/number conditiofon the x-axis labels SP and Sp-Ns 2000; Ohet al, 2001). Immaturity of central auditory pro-
refer to the speech and speech-noise conditions, respegtivetividual ~ cesses and the adoption of listening strategies that are non-
values appear in gray circles, and group average3D) are shown in black optimal or less efficient than adul(sé\llen and Wightman
circles. When necessary to avoid overlap of data points, in some cases thei . . -
was a slight shifting along the axis. 94; Lutfi et al, 2003 may have also affected SRTs. Fi-

nally, differences in thresholds may represent age-related dif-

to compare spatial release from masking for children anéerences in the ability to take advantage of hearing partial

adults independent-tests were conducted for each type/ word segments and to “ill in” the remainder of the targgt
number combination, with the Bonferroni correction for four word. Anecdotal reports from adults suggest that they relied

contrasts appliedUitenbroek, 199%. The only significant heavily on this strategy at low signal levels. The ability to

difference between groups was for the one-speech compef?—do_pt this strategy can most likely be attributed to adults’
tor condition, in which the average spatial release from'aving more experience and better-developed language

masking in adults is 0, compared with an average value cﬁskills, including the ability to parse phonetic, semantic, and
5.7 for the child group. lexical aspects of speedkletcher and MacWhinney, 1985

Of interest is the lack of an age effect for the amount of
masking. Previous studies have typically shown that adults
experience reduced masking compared with childexg.,

Speech intelligibility in quiet and in the presence of Busset al, 1999; Ohet al, 2001; Papso and Blood, 1989;
competing sounds and the ability to benefit from spatiaHall et al, 2002. Although this explanation may not be en-
separation of the speech and competfiowere investigated tirely satisfying, the lack of an age-related masking effect
in children and adults. Although extensively studied inmay be attributed to the task itself. In the current study, using
adults, to date this area of research has been minimal ithe 4AFC task,quiet thresholds were extremely low in
children. This study may therefore be helpful towards im-adults. In contrast, adults tested on the same measure using
proving our understanding of children’s ability to hear andidentical stimuli, but with a 25AFC did not reveal such low

IV. DISCUSSION
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SRTs inquiet but continued to show lower masked SRTs.used here, listeners may be better able to take advantage of
The amount of masking in the 25AFC task was thereforehe modulations and “listen in the gaps” in the presence of a
lower in adults than childre@Johnstone and Litovsky, 20p5 single competitor. As a second competitor is added the signal
When increasing task difficulty for adults, a more realisticcontains fewer gaps, thereby decreasing opportunities of
story with regard to age-related masking differences maygap listening” (e.g., Festen and Plomp, 1990; Hawley
emerge, suggesting the importance of equating for difficultyet al, 2004. Second, consider the possible role of “informa-

of the task when comparing perceptual abilities across aggonal” masking. In recent years this term has been used

groups. extensively in the auditory literature to explain masking phe-
nomena that cannot be attributed solely to peripheral audi-
B. Competitor type tory mechanismge.g., Neff and Green, 1987; Lutfi, 1990;

. . ) Kidd et al, 2003. In the speech intelligibility literature, one
SRTs did not differ for the two types of competitors for of the conditions under which informational masking has

children, but were higher with speech-noise than speech fQ§een thought to occur is when the addition of a second
the adults, which may be in part due to greater statisticalpasker elevates thresholds by more than the 3 dB expected
power in the adult within-subjects comparisons. For both ag&mply from the added energy in the presence of a second
groups, masking was greater with speech-noise than Speecrﬂasker(e.g., Brungartet al, 2001; Hawleyet al, 2004:
These findings are consistent with other findings in adults iy rjach et al, 2003. This threshold elevation may result

a one-masker paradigm, whereby greater amounts of maskym the increased complexity of the listening environment,
ing were reported in the presence of speech-noise compareflssibly due to uncertainty on the part of the listener as to
with speeche.g., Hawleyet al,, 2004). ThIS has been attrib- \ynat aspects of the stimulus to ignore and what aspects to
uted to greater amounts of overlap in the energies of thgay aitention to. Although difficult to evaluate numerically,
speech-noise masker and the target, resulting in the reductigp;g component of masking may have been present here to

of FO discrimination. However, in previous work, as the gome extent, and more direct tests of the effect in children
number of maskers increased, speech became a more potgiy,i1d pe important to pursue in future studies.

masker, an explanation involving informational masking and

linguistic interference from multiple ;peech maskers was inp_ gpatial release from masking

voked to account for the increased interference from speech ) ) ) )
(e.g., Bronkhorst, 2000; Hawlegt al, 2004. Here, there Measures of spatial release from masking did not statis-
was no interaction of type and number of competitors, whicHically differ across age groups, nor were there effects of
may be explained by stimulus differences across studie§$CMPetitor type and number. The only effect was the lack of
Studies such as those of Hawleyal. (2004 typically use spatial release from .maskmg |n.the qne—speech condition in
male voices for both the target and competitors, whereas he@Ults, compared with 5.7 dB in children. The adult data
the target was a male voice and the competitor was spokeﬁ’iﬁer from other free field studies in adults, in which spatial
by a female. The differences in voice pitch, quality, and on'elease fro.m masking fqr speech was reporFed to be at least 3
going FO differences provided a robust cue for source segrélB for a single competing talker gnd as high as 12 dB for
gation in the presence of speech competitors, regardless Biultiple talkers (Bronkhorst, 2000; Hawleyet al, 2004.

the number of competitors. The speech-noise competitor! € lack of release from masking found here with the one-
having momentary dips in amplitude but no ongoing change§PeeCh competitor is I|I§er due to the naturg of the t_ask_and
in frequency, served as a more potent masker whose effefimuli; the use of a fairly easy 4AFC task in combination
was greater than that of speech. With same-gender compeW‘th different-gender talkers for the target and competitor
tors it is highly likely that speech would have produced most likely created a relatively simple listening situation for
masking at least as great, if not larger than the speech—noi@uns- . ] )
competitor (e.g., Brungartet al, 2001). Finally, the differ- Spatial cues are thought to be especially useful in chal-
ences in masking amounts for the child groups may be adenging c_on_dmons when no_nspaual cues are difficult to ac-
counted for by the fact that, for reasons that are not entirel$€SS (Peissig and .Kollme|er, 1997; Bronkhorst, 2000;
clear, but probably due to random variation within the popu-Lurlach etal, 2003; Freymaret al, 2004. In the adult
lation, SRTs on the quiet conditions were lower in the two9rOUP tested here, spatial cues were beneficial in the condi-

speech-noisegroups than in the groups tested with the tions that created greater amounts fafnt masking (two-
speech competitors. speech, one-speech-noise and two-speechndike lack of

a location effect in the one-speech condition is likely due to
the general ease of listening to spondees when the competitor
consists of a single, different-gender talker. In that condition,
For both children and adults, masking was significantlyspatial cues did not help to reduce masking inrilgét con-
greater for two compared with one competigdr and the dition, since masking was already relatively small in that
interactions of number with locatidifront versus rightwere  condition. In contrast with adults, in children the one-speech
not significant. Averaged over all competitor types and num4ront condition did present a challenging situation, probably
bers, the addition of a second competing sound resulted ihecause children are less able to take advantage of the
increased masking of 4.7 dB for children and 4.8 for adultsdifferent-gender competitor to hear the target speech. Thus,
Two interpretations can be considered here. First, in the prespatial cues were indeed relevant to the children so as to
ence of competitors with envelope modulations such as thoggroduce a robust improvement in thight condition com-

C. Number of competitors
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pared with thefront. These findings suggest that, while tasksand to Dr. Adelbert Bronkhorst and an anonymous reviewer

that are more complex, using sentence material and/or samesr helpful suggestions during the review process. This work

gender stimuli may be more appropriate for measuring spawvas supported by NIDCD(Grant Nos. DC00100 and

tial release from masking in adults, the task used here is BC0055469, National Organization for Hearing Research,

good tool for measuring the ability of young children to ne-and the Deafness Research Foundation. Portions of the data

gotiate complex auditory environments. were collected while R. Litovsky was at Boston University,
The finding that, overall, spatial release from masking inHearing Research Center.

children is similar to that in adults is consistent with work

showing that preschool-age children perform similar to
adults ?)n meazures of bir?aural maskirr:g level diﬁerenceApPENDlX: LIST OF SPONDEE WORDS USED IN THE
?—’RESENT EXPERIMENT

(Nozzaet al,, 1988; Mooreet al,, 1991 and minimum au-

dible angle[Litovsky (1997); for review see Litovsky and Hotdog
Ashmead(1997]. This finding implies that for a simple Ice Cream
closed-set task young children are able to utilize spatial  Birdnest
and/or head shadow cues to the same extent as adults in Cowboy
order to segregate sounds in noisy environments. That is not Dollhouse
to say that children would be expected to perform similar to  Barnyard
adults on all measures of speech intelligibility in noise. Scarecrow
Given recent findings that children exhibit poorer attentional  Railroad
selectivity on auditory taskée.g., Ohet al, 2000, and re- Sidewalk
duced unmasking for tone detection under dichotic condi-  Rainbow
tions (Wightmanet al, 2003; Hallet al, 2004, the possibil- Cupcake
ity remains that age differences would be seen under more Birthday
demanding conditions, such as an open-set test or with same- Airplane
gender target and competitors. Those differences, however, Eyebrow
would not be attributable to age-dependent binaural abilities, Shoelace
but rather to other central processes such as auditory atten- Toothbrush
tion. Hairbrush
Highchair
E. Conclusions Necktie
) ) ) . Playground
Young children require higher signal levels than adults £ 5ipall
to identify spondees in a simple 4AFC task, and these age- pg5gepall
related differences may be mediated by both peripheral and Bluejay
central auditory processes. The fact that young children can  gaihiub
benefit from spatial separation of the target speech and com-  gayro0m

peting sources suggests that in a complex acoustic environ-

ment’ _SUCh as_a n_OISy classroom, _they mlght f'”o_' It easier t@I'he lower limit of 4.5 years is slightly conservative, and was based on pilot
attain information if the source of interest is spatially segre- testing which suggested that by that age all children were familiar with the
gated from noise sources. Although, the extent to which thismajority of the target words. The upper limit of 7.5 is somewhat smaller
is true with real-world sounds may depend on duration, Com_than the 10-year limit used in a number of other wofksy., Ohet al,

lexit dt f d d the d d ttenti ﬁOOl; Hall et al, 2002, but similar to that used in studies on auditory
plexity and type or sounds, and the demand on atlentionagqniion in young children, in which there do not appear to be develop-

resources that various sounds may require. Finally, the teShental effects within the age range.g., Stellmaciet al, 1997; Ohet al,
used herddeveloped by Litovsky, 2003s designed to also  2002.

be used in pediatric clinical settings where young children

"J_‘re often fitted with hearing al_dS or COChIea_r _|mpla_nts, W'thAllen, P., and Wightman, £1994. “Psychometric functions for children’s
little knowledge about the efficacy of the fittings in noiSy detection of tones in noise,” J. Speech Hear. F3¥%.205—215.
environments. This test may offer a way to evaluate the abiliAllen, P., Wightman, F,, Kistler, D., and Dolan, {L989. “Frequency reso-
; ; ; ; ; ; ; lution in children,” J. Speech Hear. Re32, 317-322.

ties I.n Chlldrer.] with hearlng aids and cochlear |mplants toAmerican National Standards Institut2002. “Standard for acoustical
funct|o_n n nmsy environments, anq maY' for example, be characteristics of classrooms in the United States,” ANSI—S12.60.
useful in assessing the extent to which children obtain a bemrbogast, T. L., Mason, C. R., and Kidd, ®002. “The effect of spatial

efit from bilateral fitting strategie€_itovsky et al., 2004. separation on informational and energetic masking of speech,” J. Acoust.
Soc. Am.112, 2086—2098.

Bronkhorst, A.(2000. “The cocktail party phenomenon: A review of re-
search on speech intelligibility in multiple-talker conditions,” Acta. Acust.
Acust. 86, 117-128.
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