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Auditory temporal resolution in normal-hearing preschool
children revealed by word recognition in continuous
and interrupted noise (L)a)

Andrew Stuart,b� Gregg D. Givens, Letitia J. Walker,c� and Saravanan Elangovand�

Department of Communication Sciences and Disorders, East Carolina University,
Greenville, North Carolina 27858-4353

�Received 1 October 2005; revised 18 January 2006; accepted 27 January 2006�

The purpose of this study was to examine temporal resolution in normal-hearing preschool children.
Word recognition was evaluated in quiet and in spectrally identical continuous and interrupted noise
at signal-to-noise ratios �S/Ns� of 10, 0, and −10 dB. Sixteen children 4 to 5 years of age and eight
adults participated. Performance decreased with decreasing S/N. At poorer S/Ns, participants
demonstrated superior performance or a release from masking in the interrupted noise. Adults
performed better than children, yet the release from masking was equivalent. Collectively these
findings are consistent with the notion that preschool children suffer from poorer processing
efficiency rather than temporal resolution per se. © 2006 Acoustical Society of America.
�DOI: 10.1121/1.2178700�

PACS number�s�: 43.66.Mk, 43.66.Dc �JHG� Pages: 1946–1949

I. INTRODUCTION

The normal development of auditory temporal process-
ing �i.e., resolution/acuity and integration/summation� in
children has been of interest to psychoacousticians and cli-
nicians. Temporal resolution refers to the ability of a listen-
er’s auditory system to resolve/separate auditory events or
perceive changes in auditory stimuli over time. Temporal in-
tegration refers to the ability of a listener’s auditory system
to sum acoustic information over time to improve detection,
recognition, or discrimination of stimuli.1 Those examining
normal auditory temporal processing development with vari-
ous test paradigms have found that the performance of
normal-hearing infants and children is inferior to adults.2

For clinicians, understanding normal development is es-
sential for determining if the perceptual capacity of a child is
abnormal. Identification of impaired auditory temporal pro-
cessing is a necessary precedent for rehabilitative measures
for those that implicate an underlying temporal auditory pro-
cessing deficit for some communicative impairments3–5 or
for those evaluating temporal processing as part of an audi-
tory processing test battery.6 The early identification of a
temporal processing deficit could result in the ability to begin
remediation programs for such impairments, perhaps even
before a child reaches school age.

Stuart and colleagues7–15 have utilized word recognition
in spectrally identical continuous and interrupted broadband
noise as a function of signal-to-noise ratio �S/N� to examine
temporal resolution abilities of normal-hearing and impaired

listeners. Listeners experience a perceptual advantage or “re-
lease from masking” in interrupted noise. Since the noises
differ only in temporal continuity, better performance in in-
terrupted noise has been attributed to the ability of listeners
to get glimpses or looks of each word between silent gaps
and patch the information together in order to identify the
specific word.16–18 Any release from masking observed with
listeners in the interrupted noise compared to the continuous
noise, at equivalent S/Ns, is evidence of auditory temporal
resolution. Assessing the auditory temporal resolution capac-
ity between groups of listeners can be done by comparing
overall performance in the interrupted noise and also by ex-
amining the amount of release from masking in the inter-
rupted noise relative to the continuous noise.

Stuart10 recently reported the development of word rec-
ognition in continuous and interrupted noise in 80 normal-
hearing children aged 6 to 15 years. Word recognition per-
formance was evaluated in quiet and in continuous and
interrupted noise at S/Ns of 10, 0, −10, and −20 dB. Children
displayed better performance in the interrupted noise com-
pared to the continuous noise at poorer S/Ns �i.e., �10 dB�
and performance increased with improving S/N. Perfor-
mance also improved with increasing age. Younger children
were more vulnerable to noise in that they required more
favorable S/Ns to perform the same as older children and
adults. Children’s performance in noise equated adults after
11 years of age.

The purpose of this study was to examine word recog-
nition performance of normal-hearing preschool-aged chil-
dren in continuous and interrupted noise relative to adult
listeners. It was of interest to see whether children of this age
demonstrate a temporal perceptual advantage in the inter-
rupted noise condition. Ultimately, it was of interest to gen-
erate a normative base for word recognition performance in
continuous and interrupted noise for children aged
4 to 5 years of age. As such, these data could be used as a

a�This work was presented in part at the 2004 American Speech-Language-
Hearing Association Annual Convention, Philadelphia, PA, 20 November
2004.
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clinical tool to assess auditory temporal processing ability of
young preschool children. It was hypothesized that perfor-
mance would improve with increasing S/N, performance in
the interrupted noise would be better than in the continuous
noise, and children would perform poorer than adults.

II. METHODS

A. Participants

Sixteen preschool children �five males and eleven fe-
males� aged 4 to 5 years �M =4.8, SD=0.6� and eight young
adults �five males and three females; M =23.9, SD=2.4� par-
ticipated. Children were solicited through their parents,
whom were faculty, staff, or students at East Carolina Uni-
versity, Greenville, NC. All participants presented with
normal-hearing sensitivity as defined by pure-tone thresholds
at octave frequencies from 250 to 8000 Hz and spondee rec-
ognition thresholds of �20 dB HL and normal middle-ear
function.19 Participants were native speakers of English and
had a negative history of speech, language, cognitive, learn-
ing, and vision disorders. The children presented with an
age-equivalent receptive vocabulary score as assessed by the
Peabody Picture Vocabulary Test-Revised—3rd Edition.20

B. Apparatus and procedure

Northwestern University—Children’s Perception of
Speech21 �NU-CHIPS, Auditec of St. Louis� monosyllabic
words and custom competing continuous and interrupted
noises served as test stimuli. The noises are described in
detail elsewhere.9,12 The interrupted noise was constructed
with rectangular gated noise bursts and silent periods, both
with durations varying randomly from 5 to 95 ms. The noise
duty cycle for the interrupted noise was 0.50. All speech and
noise files were normalized to have equal power. The long-
term average spectra of both noises were the same.

The compact disc recordings of the stimuli were deliv-
ered through a dual-disc compact disc player �Phillips model
CDR 765 K02� or two compact disc players �Sony model
CDP-CE415� to a clinical audiometer �Grason Stadler GSI
61 model 1761-9780XXE�. Stimuli were presented monau-
rally, in a double-wall sound-treated audiometric suite, to
each participant’s right ear through a supraaural earphone
�Telephonics model TDH-50P�.

The NU-CHIPS speech stimuli were presented at 50 dB
HL to the right ear of participants. Average presentation lev-
els were 36.2 dB �SD=3.4� and 44.0 �SD=3.2� above the

spondee recognition threshold for the children and adults,
respectively. In no case was the presentation level less than
30 dB above the listener’s spondee recognition threshold
where age effects on performance are evident in children less
than 10 years of age.21 Eight half-lists �i.e., 25 monosyllabic
words� of the four NU-CHIPS lists were employed. The
speech stimuli were presented in quiet and in both noises at
S/Ns of −10, 0, and 10 dB. List presentation order was coun-
terbalanced while noise and S/N conditions were randomized
across participants. Participants were instructed to point to
the picture from a set of four alternatives �i.e., one stimulus
and three foils� of the word that they heard.21

III. RESULTS

Participants’ responses were scored as total whole word
percent correct. Figure 1 illustrates the mean group word
recognition performance in quiet and in both noises as a
function of S/N and group. These proportional scores were
transformed to rationalized arcsine units prior to inferential
statistical analyses.23 Violations of the analysis of variance
�ANOVA� assumptions were examined before investigating
differences in word recognition performance. Levene’s test
of equality of error variance was significant �p�0.05� for
S/Ns of +10 for both noises and quiet. Consequently, scores
for S/Ns at +10 for both noises were excluded from the om-
nibus analyses.

A three-factor mixed ANOVA was performed to investi-
gate mean word recognition performance differences as a
function of group, S/N, and noise condition. The results of

FIG. 1. Mean percent-correct word recognition scores in quiet and noise as
a function of group, noise type, and S/N. Error bars represent plus/minus
one standard deviation of the mean.

TABLE I. Summary table of a three-factor mixed ANOVA investigating differences in word recognition per-
formance as a function of group, noise, and S/N.

Source df F p �2 �

Group 1 31.22 �0.0001a 0.59 1.0
Noise 1 130.18 �0.0001a 0.86 1.0
S/N 1 65.19 �0.0001a 0.75 1.0
Noise�group 1 0.001 0.98 0.00 0.050
S/N�group 1 7.49 0.012a 0.25 0.74
Noise�S/N 1 19.05 �0.0001a 0.46 0.99
Noise�S/N�group 1 1.66 0.21 0.07 0.24

aSignificant at p�0.05.
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that ANOVA are displayed in Table I. As expected, signifi-
cant main effects of group, noise, and S/N were found, indi-
cating better performance by adults, better performance in
the interrupted noise, and improvement in performance with
increasing S/N. The significant noise by S/N interaction re-
flects the release from masking phenomenon. That is, as S/N
deteriorates performance worsens more rapidly in the con-
tinuous noise versus the interrupted noise. The significant
group by S/N interaction reflects the fact that adults’ perfor-
mance improves much more as S/N improves.

The extent of the release from masking that was experi-
enced in the interrupted noise relative to the continuous noise
was examined by computing a difference score where par-
ticipants’ scores in continuous noise were subtracted from
their scores in interrupted noise at 0 and −10 dB S/N. All
participants had better scores in the interrupted noise com-
pared to continuous noise at −10 dB S/N, and with the ex-
ception of two listeners in each group, all scored better at
0 dB S/N. Those that scored better in the continuous noise at
0 dB S/N did so by only one or two words �i.e., 4% or 8%�.
These difference scores as a function of group and S/N are
displayed in Fig. 2. A two-factor mixed ANOVA was per-
formed to investigate differences in mean word recognition
difference scores as a function of group and S/N. A main
effect of S/N was found �F�1,22�=19.05, p�0.0001, �2

=0.46, �=0.99�, while a nonsignificant main effect of group
�F�1,22�=0.001, p=0.98, �2=0.00, �=0.050� and group by
S/N interaction �F�1,22�=1.67, p=0.21, �2=0.070, �
=0.24� was found.

IV. DISCUSSION AND CONCLUSIONS

As hypothesized, performance improved with increasing
S/N, was superior in interrupted noise, and children per-
formed poorer than adults. Most important was that children
as young as 4 to 5 years of age demonstrated better perfor-
mance in the interrupted noise relative to the continuous
noise at the poorer S/Ns �i.e., �10 dB�. This is consistent
with previous findings where normal-hearing adult listeners
experience a release from masking in interrupted noise with
monosyllabic word recognition.7–18,23,24 This is the first dem-
onstration in a preschool-aged cohort of children of this phe-
nomenon. Significant main effects of noise and S/N with
word recognition and noise by S/N interaction in this test

paradigm have been reported repeatedly with normal-hearing
adult listeners by Stuart and colleagues7–15 and others.16,17,24

The results from this study are consistent with previous
reports of 3- and 5-year-old children with the same stimuli in
quiet with a closed-set response.21 Performance in quiet and
noise was superior to that of 6- to 7-year-olds reported by
Stuart.10 This is likely due to an open-set response employed
by Stuart.10 Under similar listening conditions, NU-CHIPS
performance is better in a closed-versus an open-set response
mode.24,25 In only one other study utilizing the NU-CHIPS
stimuli in continuous noise, Chermak et al.26 reported a
mean performance of approximately 72% for children be-
tween the ages of 9 and 10 years at 0 dB S/N with a closed-
set response mode. Considering that the older children in the
Chermak et al.26 study performed approximately the same as
the younger 4- to 5-year-olds in this study, one may suggest
that differences in the recorded stimuli and competing con-
tinuous noise may have contributed to the fact that age dif-
ferences were not evident. Overall, preschool children per-
formed poorer in noise compared to adults, consistent with
previous reports demonstrating that young children need
greater S/Ns to perform at adult levels.10,21,25

The basis of performance differences between younger
and older listeners remains a contentious issue. Two schools
of thought exist:27–30 One embraces the notion that children
have a broader temporal window and therefore have poorer
temporal acuity than older listeners �i.e., the “temporal reso-
lution hypothesis”�. The other suggests that children have
poor processing efficiency �i.e., the “processing efficiency
hypothesis”�. Processing efficiency refers to factors “aside
from temporal and spectral resolution, that affect the ability
to detect acoustic signals in noise¼ �and� is measured by the
threshold signal-to-noise ratio” �p. 2962�.28 Hartley and
colleagues27–30 suggest that children have more “internal
noise” than adults and thus require higher effective S/N in
order to perform equivalently. This is consistent with the fact
that the peripheral auditory system is adult-like by
4 to 6 years of age,29,31,32 but the central auditory system is
less proficient.

The data herein support the poorer processing efficiency
hypothesis. Although overall performance was worse with
the children, the amount of release from masking was the
same as adults. This same pattern was seen with school-aged
children reported by Stuart.10 We computed difference scores
at 0 and −10 dB S/N for the five groups of school-aged chil-
dren and adults from this previous study. A two-factor mixed
ANOVA was performed to investigate differences in mean
word recognition difference scores as a function of group
and S/N. A main effect of S/N was found �F�1,90�=136.67,
p�0.0001, �2=0.60, �=1.0�, while a nonsignificant main
effect of group �F�5,90�=1.33, p=0.26, �2=0.069, �=0.45�
and group by S/N interaction �F�5,90�=0.91, p=0.48, �2

=0.048, �=0.31� was found. Thus, the apparent difference
between preschool and school-aged children less than
12 years of age is related to more general differences in their
abilities to recognize speech in degraded listening conditions
in which there are a number of contributors related to the
development of central audition, language, and attention. As
previously stated by Stuart,10 it is important to note that

FIG. 2. Mean percent-correct word recognition difference score �i.e., inter-
rupted noise minus continuous noise score� as a function of group and S/N.
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younger auditory systems are not impaired in any way,
rather, that they are normally developing yet have poorer
processing efficiency that impairs their performance in noise
relative to older listeners. Further, their inferior performance
compared to normal adults is not the same as the inferior
performance seen in adult listeners with auditory pathologies
reported by Stuart, Phillips, and colleagues. Those with
noise-induced hearing loss,33 unilateral high-frequency hear-
ing loss,11 retrocochlear demyelinating lesions,34 and
presbyacusis12 display overall poorer performance and a
smaller release from masking the interrupted noise relative to
young normal-hearing adults. This is consistent with poorer
temporal resolution in these pathologies.

In summary, this investigation demonstrated that the
word recognition in continuous and interrupted noise is
poorer in preschool children than adults. The release from
masking observed with these preschool children in the inter-
rupted noise compared to the continuous noise was, however,
equivalent to that of adults. Collectively, these findings sug-
gest a developmental difference in processing efficiency be-
tween preschool children and adults, rather than develop-
mental differences in temporal resolution abilities. The
findings do not, admittedly, address what perceptual process
or processes are responsible for the inferior performance
among these children. Further research is warranted to ad-
dress this question in normal and particularly impaired chil-
dren. That is, the mechanisms underlying communication
disorders must be understood such that remediation strate-
gies focus on improving those mechanisms. In terms of clini-
cal implementation concerning time restrictions and the dif-
ficulty of maintaining children’s attention at this age, it is
recommended that one administer separate lists at the
−10-dB S/N for each noise condition. This would only take
approximately 10 min and would provide the most informa-
tion regarding the release from masking in the interrupted
noise. One caveat to this approach is that care must be taken
to ensure that word lists used are equivalent. Although the
NU-CHIPS lists and half-lists are equivalent in quiet21 they
are not in continuous noise.26 List equivalency of other word
recognition material has not been demonstrated9 with the
same interrupted noise, and should therefore not be expected
with the NU-CHIPS stimuli until demonstrated otherwise.

1B. C. J. Moore, An Introduction to the Psychology of Hearing, 5th ed.
�Academic Press, London, 2003�.

2L. A. Werner and G. C. Marean, Human Auditory Development �Brown &
Benchmark, Madison, WI, 1996�.

3M. M. Merzenich, W. M. Jenkins, P. Johnston, C. Schreiner, S. L. Miller,
and P. Tallal, “Temporal processing deficits of language-learning impaired
children ameliorated by training,” Science 271, 77–81 �1996�.

4C. Sloan, Treating Auditory Processing Difficulties in Children �College-
Hill, San Diego, 1986�.

5P. Tallal, S. L. Miller, G. Bedi, G. Byma, X. Wang, S. S. Nagarajan, C.
Schreiner, W. M. Jenkins, and M. M. Merzenich, “Language comprehen-
sion in language-learning impaired children improved with acoustically
modified speech,” Science 271, 81–84 �1996�.

6American Speech-Language-Hearing Association Task Force on Central
Auditory Processing Consensus Development, “Central auditory process-
ing: Current status of research and implications for clinical practice,” Am
J. Audiol. 5, 41–54 �1996�.

7S. Elangovan and A. Stuart, “Interactive effects of high-pass filtering and
masking noise on word recognition,” Ann. Otol. Rhinol. Laryngol. 114,
867–878 �2005�.

8T. Scott, W. B. Green, and A. Stuart, “Interactive effects of low-pass
filtering and masking noise on word recognition,” Acute Care 12, 437–
444 �2001�.

9A. Stuart, “An investigation of list equivalency of the Northwestern Uni-
versity Auditory Test No. 6 in interrupted broadband noise,” Am. J. Au-
diol. 13, 23–28 �2004�.

10A. Stuart, “Development of auditory temporal resolution in school-age
children revealed by word recognition in continuous and interrupted
noise,” Ear Hear. 26, 78–88 �2005�.

11A. Stuart and M. Carpenter, “Unilateral auditory temporal resolution defi-
cit: A case study,” J. Commun. Disord. 32, 317–325 �1999�.

12A. Stuart and D. P. Phillips, “Word recognition in continuous and inter-
rupted broadband noise by young normal-hearing, older normal-hearing,
and presbycusic listeners,” Ear Hear. 17, 478–489 �1996�.

13A. Stuart and D. P. Phillips, “Word recognition in continuous noise, inter-
rupted noise, and in quiet by normal-hearing listeners at two sensation
levels,” Scand. Audiol. 26, 112–116 �1997�.

14A. Stuart and D. P. Phillips, “Deficits in auditory temporal resolution re-
vealed by a comparison of word recognition under interrupted and con-
tinuous noise masking,” Semin. Hear. 19, 333–344 �1998�.

15A. Stuart, D. P. Phillips, and W. B. Green, “Word recognition performance
in continuous and interrupted noise by normal-hearing and simulated
hearing-impaired listeners,” Am. J. Otol. 16, 658–663 �1995�.

16D. D. Dirks, R. H. Wilson, and D. R. Bower, “Effect of pulsed masking on
selected speech materials,” J. Acoust. Soc. Am. 46, 898–906 �1969�.

17G. A. Miller, “The masking of speech,” Psychol. Bull. 44, 105–129
�1947�.

18I. Pollack, “Masking by periodically interrupted noise,” J. Acoust. Soc.
Am. 27, 353–355 �1955�.

19American-Speech-Language-Hearing Association, Guidelines for Audio-
logic Screening �American-Speech-Language-Hearing Association, Rock-
ville Pike, MD, 1997�.

20L. M. Dunn and L. M. Dunn, Peabody Picture Vocabulary Test-Revised
�American Guidance Service, Circle Pines, MN, 1981�.

21L. L. Elliot and D. R. Katz, Development of a New Children’s Test of
Speech Discrimination �Auditec, St. Louis, MO, 1980�.

22G. Studebaker, “A ‘rationalized’ arcsine transform,” J. Speech Hear. Res.
28, 455–462 �1985�.

23I. Pollack, “Masking of speech by repeated bursts of noise,” J. Acoust.
Soc. Am. 26, 1053–1055 �1954�.

24G. A. Miller and C. R. Licklider, “The intelligibility of interrupted
speech,” J. Acoust. Soc. Am. 22, 167–173 �1950�.

25L. L. Elliot, S. Connors, E. Kille, S. Levin, K. Ball, and D. Katz, “Chil-
dren’s understanding of monosyllabic nouns in quiet and in noise,” J.
Acoust. Soc. Am. 66, 12–21 �1979�.

26G. D. Chermak, C. M. Pederson, and R. B. Bendel, “Equivalent forms and
split-half reliability of the NU-CHIPS administered in noise,” J. Speech
Hear Disord. 49, 196–201 �1984�.

27D. E. Hartley, P. R. Hill, and D. R. Moore, “The auditory basis of lan-
guage impairments: Temporal processing versus processing efficiency hy-
potheses,” Int. J. Pediatr. Otorhinolaryngol. 67 �Suppl. 1�, S137–S142
�2003�.

28D. E. Hartley and D. R. Moore, “Auditory processing efficiency deficits in
children with developmental language impairments,” J. Acoust. Soc. Am.
112, 2962–2966 �2002�.

29D. E. Hartley, B. A. Wright, S. C. Hogan, and D. R. Moore, “Age-related
improvements in auditory backward and simultaneous masking in 6
- to 10-year-old children,” J. Speech Lang. Hear. Res. 43, 1402–1415
�2000�.

30P. R. Hill, D. E. Hartley, B. R. Glasberg, B. C. Moore, and D. R. Moore,
“Auditory processing efficiency and temporal resolution in children and
adults,” J. Speech Lang. Hear. Res. 47, 1022–1029 �2004�.

31P. Allen, F. Wightman, D. Kistler, and T. Dolan, “Frequency resolution in
children,” J. Speech Hear. Res. 32, 317–322 �1989�.

32J. W. Hall III and J. H. Grose, “Notched noise measures of frequency
selectivity in adults and children using fixed-masker-level and fixed-
signal-level presentation,” J. Speech Hear. Res. 34, 651–660 �1991�.

33D. P. Phillips, J. M. Rappaport, and J. M. Gulliver, “Impaired word rec-
ognition in noise by patients with noised-induced cochlear hearing loss:
Contribution of a temporal resolution defect,” Am. J. Otol. 15, 679–686
�1994�.

34J. M. Rappaport, J. M. Gulliver, D. P. Phillips, R. A. Van Dorpe, C. E.
Maxner, and V. Bhan, “Auditory temporal resolution in multiple sclero-
sis,” J. Otolaryngol. 23, 307–324 �1994�.

J. Acoust. Soc. Am., Vol. 119, No. 4, April 2006 Stuart et al.: Letters to the Editor 1949


	East Tennessee State University
	Digital Commons @ East Tennessee State University
	3-28-2006

	Auditory Temporal Resolution in Normal-Hearing Preschool Children Revealed by Word Recognition in Continuous and Interrupted Noise
	Andrew Stuart
	Gregg D. Givens
	Letitia J. Walker
	Saravanan Elangovan
	Citation Information

	Auditory Temporal Resolution in Normal-Hearing Preschool Children Revealed by Word Recognition in Continuous and Interrupted Noise
	Copyright Statement


	Auditory temporal resolution in normal-hearing preschool children revealed by word recognition in continuous and interrupted noise

