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It has been proposed that specific language impairment (SU) is caused by an
impairment of auditory processing, but it is unclear whether this problem affects
temporal processing, frequency discrimination (FD), or both. Furthermore, there
are few longitudinal studies in this area, making it hard to establish whether any
deficit represents a developmental lag or a more permanent deficit. To address
these issues, the authors retested a group of 10 children with SU and 12 control
children first tested 42 months previously. At Time 1, the children with SU (between
9 and 12 years of age) had significantly elevated FD thresholds compared to
the matched controls. At Time 2, the thresholds of both groups had improved,
but the children with SU still had poorer FD thresholds than those of the controls.
To assess temporal resolution, auditory backward masking was measured and
it was found that most of the children with Si] performed as well as the controls,
but 2 children had exceptionally high thresholds. There was also greater variability
among the children with SLI compared to that measured 'among the controls on
the FD task. These studies indicate considerable heterogeneity in auditory function
among children with SI and suggest that, as with auditory temporal deficits,
difficulties in FD discrimination are important in this population.

KEY WORDS: specific language impairment, auditory frequency discrimination,
auditory temporal processing, language development

pecific language impairment (SLI) is a developmental disorder in

which children are often late to start spontaneous speech and lag
behind normally developing children in acquiring sophisticated

language and grammar (Zangwill, 1978). Children with SLI have deficits
in receptive and expressive language, and often have poor grammar,
phonology, and semantic skills. Because of this broad span of both
language and literacy deficits, some theorists have considered SLI to be a
more extreme form of other language disorders, such as dyslexia, where
oral language abilities are intact (Bishop & Snowling, 2004). It has been
proposed that SLI may be due to cognitive and linguistic difficulties

(Rice, Oetting, Marquis, Bode, & Pae, 1994; van der Lely & Stollwereck,
1997). However, other theorists have hypothesized that the primary
deficit in SLI is in auditory processing (Tallal, 2000; Tallal & Piercy,
1973a, 1973b). This is not a hearing loss in the same way as deafness is,

but rather an inability to perceive, categorize, and process sounds

properly, which may lead to higher level problems. Such a "perceptual
processing" view emphasizes the importance of the detection and

discrimination of low-level, basic acoustic components, suggesting that

these "bottom-up" problems interfere with higher linguistic processing.
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Since the 1960s a number of studies have shown
that some children with SLI have difficulty reporting
the order of two sounds when these sounds are brief
in duration and presented rapidly. Efron (1963) first
suggested an association might exist between auditory
temporal processing and language impairment. He
noticed, when examining adults with aphasia due to
temporal lobe disease, that their ability to listen to
and repeat a simple tone sequence was impaired. He
hypothesized that fundamental processes or mecha-
nisms existed in the dominant temporal lobe, which
were involved in "time labelling of input and output
signals."

Efron's (1963) study was rapidly followed by
suggestions that children with SLI may have similar
temporal-processing deficits. For example, Lowe and
Campbell (1965) compared the abilities of children
with and without SLI using a temporal-order task. In
this paradigm, children with SLI were asked to
indicate verbally the sequential order of a, high tone
and a low tone that were separated by interstimulus
intervals (ISIs) of different durations. The children
with SLI required a mean ISI of 250 ms to discriminate
between the two tones accurately, whereas control
children were able to perform similarly with a mean
ISI of 40 ms. Lowe and Campbell therefore concluded
that children with SLI have a malfunction of temporal
ordering that contributed significantly to their lan-
guage difficulties.

Tallal and Piercy (1973a) modified Lowe and
Campbell's task so that participants indicated the order
in which a high tone and low tone were played by
pressing appropriate panels on a button box. This task
removed the need for a-verbal response (which might be
problematic for children with SLI) and became known
as the auditory repetition task (ART). Control children
performed significantly better than chance at the
shortest ISI (8 ins), whereas the same level of perfor-
mance was reached by the children with SLI only at an
ISI of 305 ms or longer. The same pattern of results was
seen -using a "same-different" condition, for which
children had to be able to discriminate the two tones
but did not have to identify their order. This finding
was taken as evidence that the children with SLI have a
general impairment on tasks in which auditory stimuli
are presented rapidly. This evidence led to the hypoth-
esis that the primary auditory deficit in children with
SLI was one of temporal processing (Tallal, 2000). This
theory, however, has recently come under scrutiny
from several researchers who have noted that the
methods used to assess auditory skill (e.g., the ART)
typically require the child to discriminate tones that
differ in frequency and occur in rapid succession
(McArthur & Bishop, 2001). This dual change in the
auditory stimulus makes it difficult to tell whether

impairments are due to difficulties in temporal or
frequency discrimination (FD) or both. Could it be that
the main auditory deficit in children with SLI is really
one of FD? This hypothesis is supported by a growing
number of findings. For example, in several studies.
using the ART in children who have language or
literacy problems, a subgroup was omitted because
they could not discriminate between tones of different
frequency, even when there was no time pressure
(Bishop, Carlyon, Deeks, & Bishop, 1999; Breier, Gray,
Fletcher, Foorman, & Klaas, 2002; Heath, Hogben, &
Clark 1999; Reed, 1989; Tallal & Stark,, 1981). Also,
investigators in several studies have found that chil-
dren with language or literacy problems who did learn
the initial tone discrimination have problems distin-
guishing tone sequences at both fast and slow rates
(Bishop et al., 1999; Marshall, Snowling, & Bailey,
2001; Waber et al., 2001). Investigators using other
paradigms have also shown that children with, SLI have
poor frequency discrimination. For example, McArthur
and Bishop (2004b) found that a subset of participants
with SLI had an FD deficit regardless of rate of
presentation, and Wright et al. (1997) showed children
with SLI were less able than the controls to take
advantage of a frequency separation between a tone
and masking noise in a backward-masking paradigm to
aid the detection of the tone. Thus, one goal of the
current-study was to assess FD and temporal resolution
in the same children, using separate tasks, to clarify
the nature of any auditory deficit.

A second issue is whether perceptual deficits in
SLI, correspond to a developmental delay or a perma-
nent deficit. Investigators in many studies have
examined the nature and development of language
skills over time. These investigators have shown that
some children are late to start but then catch up
with their peers (Whitehurst & Fischel, 1994; Paul,
Hernandez, Taylor, & Johnson, 1996), whereas other
children have persistent problems, with the pattern of
their impairment changing over time (Bishop, .1994;
Bishop & Edmondson, 1987). Despite this evidence of
the changing nature of impairment; only a handful of
studies have longitudinally followed the development
of auditory processing in children with SLI. Instead,
most investigators have focused on a snapshot of def-
icits at a particular time. Although many auditory
abilities mature early in life, other skills do not reach
adult levels until surprisingly late. For example, au-
ditory backward-masking thresholds in typically
developing children do not reach adult levels until
the age of 12 (Hartley, Wright, Hogan, & Moore, 2000).
Similarly, it has been proposed that FD ability is not
adultlike until the ages of 7-9 years (Jensen & Neff,
1993). Therefore, one would expect that performance
on the ART would change over time. The question then
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becomes, "are children with SLI simply delayed in
their development, or are their higher thresholds on
the ART indicative of a more permanent processing
problem?" This question has been investigated in only
a small number of nonspeech studies.

Bernstein and Stark (1985) found that children
with SLI had poorer performance than controls on the
ART when they were tested at the age of 4-8 years.
Many of the children with SLI found it difficult even to
complete the association phase of the testing (learning
to label the noises they heard as either "high" or "low"
in pitch). When both groups were tested again 4 years
later, the language abilities of both groups had im-
proved, but the children with SLI had not caught up
with the controls and had language levels more than
2 years behind their chronological age. Both groups
performed at ceiling levels when retested on the ART.
However, a deficit may have been present that went
undetected because of the lack of task sensitivity.

A number of other studies have looked at longi-
tudinal development of ART performance and its
relation to language or literacy skills in typically
developing samples. For example, Heath (2000) per-
formed a longitudinal study of the ART in typically
developing children who had good or poor phonological
awareness (PA). She screened a sample of 106 pre-
schoolers using a PA battery. The top and bottom
quartile of these children were selected for further
investigation. At their first testing, at the ages of
5-6 years, the children with good PA were significantly
better on the ART than were the children with poor
PA. The children with good PA also had significantly
better receptive and expressive language abilities than
did the children with poor PA. Three years later, at
their second evaluation, the children with good PA
were characterized by a pattern of general improve-
ment on the ART (e.g., could distinguish between two
tones at a shorter ISI than before). In contrast, only a
third of the children with poor PA performed in the
same range as did the controls. This pattern of results,
however, was not seen by Share, Jorm, McLean, and
Matthews (2002). They too screened a general popula-
tion of kindergarten children for PA and ability on the
ART. The children were retested at Grade 3, and
reading ability also was assessed. The kindergarten
performance of children who had gone on to become
poor readers was then reanalyzed. When in kinder-
garten, these children who became poor readers were
significantly worse than their peers on the ART for
long ISIs, but there was no difference between the
groups at short ISIs. The poor readers were retested
in Grade 3 and their performances were compared to
those for younger controls who had similar reading
ability. No significant differences were observed in the
performances of the two groups on the ART for either

long or short ISIs. Thus, existing data do not agree on
whether observed auditory deficits in SLI are transient
delays or are more permanent deficits.

With the aims of addressing the nature (and
course) of the SLI deficit, we retested a cohort of chil-
dren with SLI and matched controls originally exam-
ined 30 months previously (Mengler, Hogben, Michie,
&.Bishop, 2005). The aims of the original study were
threefold: (a) to determine whether a group of clearly
defined children with SLI showed impaired FD; (b) if
so, then to consider whether this is a general problem
in doing any auditory psychophysical task or is specific
to the frequency domain; and (c) to investigate any
associations between FD, oral language ability, and
reading skills. Fifteen children with SLI (mean age =
9 years 8 months) and 18 controls of matched age and
ability were compared on an FD task. A control task
measured intensity discrimination (ID), which is an
auditory skill that matures early in childhood, before
the age of 5 (Jensen & Neff, 1993). Performance, there-
fore, was expected to be adultlike in both groups on a
measure of ID. The children with SLI had consistently
higher thresholds on the FD task but were unimpaired
on the ID task. They also had significantly poorer
reading skills than did the controls. However, multiple
regression analyses showed reading skill accounted for
little variance in FD, whereas oral language explained a
large, additional amount. Therefore, the study of
Mengler et al. provided evidence for an FD deficit in
children with SLI, related to their oral language ability
rather than their reading skill. The Mengler et al.
study, however, offers no insights as to whether the FD
deficit is confined to early childhood or whether it
persists into later development or adulthood.

In the current study we followed 10 of the chil-
dren with SLI and 12 of the controls and retested them
3.5 years after the original study. Our first aim was to
investigate the nature of the FD deficit previously
observed in children with SLI. Secondly, we sought
to determine whether the results of previous longitudi-
nal studies using the ART were due to one particular
auditory deficit or a combination of problems with
both frequency and temporal attributes of processing
(Bernstein & Stark, 1985). To evaluate this second issue,
we used a backward-masking task. This task was chosen
because backward masking has been shown to be
impaired in younger children with SLI (Wright et al.,
1997, but see Bishop et al., 1999) and because the nor-
mal developmental trends in performance on this task
have been characterized well (Hartley, Wright, Hogan,
& Moore, 2000). The backward-masking task is consid-
ered to be a measure of temporal resolution because it
requires the participant to distinguish between sounds
in time. FD ability was measured separately, and ID
was included in the battery as a control task.
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Method
All methods were approved by the Human Re-

search Ethics Committee of the University of Western
Australia. Informed consent was obtained from each
listener and assent was provided by his or her parent
or guardian to participate in the research.

Participants
All of the children who had participated in the

previous study (i.e., Time 1) were contacted 42 months
later. Ten of the 15 original children with SLI and 12
of the 18 original control sample agreed to be retested.
In the current study, 2 of the controls and 1 child with
SLI were females. The mean age of the control group
at the time of the second test (i.e., Time 2) was 13 years
5 months (ages ranged from 12 years, 7 months to
14 years 7 months). The mean age of the children with
SLI was 13 years 2 months (ages ranged from 11 years
11 months to 15 years 2 months). The, hearing
sensitivity in these children was normal at the time
of the previous audiological measurements (Mengler
et al., 2005).

Stimuli and Procedures
All stimuli were generated in software and pre-

sented by Tucker-Davis Technologies (TDT) System H
hardware under PC control and were identical to those
described in Mengler et al. (2005). Stimuli were
presented binaurally via headphones (Sennheiser-
Model HD265).

Frequency Discrimination
FD thresholds were estimated using a three-

interval, two-alternative forced-choice, AXB procedure.
Three tones were presented in each trial. All tones
were 100 ms in duration, separated with ISIs of
300 ms, and each was presented at 83 dB SPL. The
first tone (A) was a 1000 Hz standard, the third tone
(B) was the same frequency (i.e., 1000 Hz) plus some,.
frequency difference, and the middle tone (X) matched
the frequency of either the first tone or the third tone
on a random basis. The initial stimulus difference was
30 Hz and was modified using a parameter estimation
by sequential testing procedure (Taylor & Creelman,
1967). This procedure presents large frequency differ-
ences that initially are easily discriminable. The
frequency differences are systematically reduced in a
stepwise protocol, and the task becomes more and more
difficult until an error is made. After an error is made,
the frequency difference is increased to make discrim-
ination easier (a reversal). Step size is then- progres-
sively reduced again, until a threshold level is reached

for which the child responds at a level of 75% correct.
The maximum step size used in the measurements was
8 Hz, and the minimum step size was 0.1 Hz. The
threshold value for a block of trials was the mean
difference in hertz between the middle (variable) tone
and the 1000 Hz 'standard tone after the fourth
reversal in the PEST staircase had been reached. Each
child completed three blocks of trials, with each block
comprising 60 trials.

Testing was conducted in an acoustically treated
room. The child was seated in front of a computer screen
and required to identify whether the middle sound was
the same as the first sound or the last sound. They
indicated their choice by pressing the appropriate button
on a keypad. Feedback was provided in the form of a
happy or a sad face that briefly appeared on the screen.

Training was given to, all children to familiarize
them with the task. This involved setting the stimulus
parameters to a frequency difference of 200 fHz, with
an ISI of 500 ms. There, were three stages of training.
Initially, the procedure was demonstrated to the child
with picture reinforcement; next, the child performed
15 trials, again with visual cues; and, finally, the child
performed another 15 trials, but without the visual
cues. The test commenced only if the child achieved a
minimum performance of 75% correct at this stage.

Intensity Discrimination
-An ID measurement served as a' control task. This

task used the same PEST procedure as did the FD
task. The tones again were 1000 Hz in frequ6ncy and
100 ms in duration, but they were manipulated to
differ in intensity. The intensity of the standard tone
was 83 dB SPL. A 6 dB difference'was used for training-
and practice sessions and also as the initial difference
at the start of the PEST staircase procedure. The
starting step size was 1.-5dB with a maximum of 3 dB
and a minimum of 0.1 dB.

Backward Masking
The signal to be detected was a 20 ms pure tone

with a frequency of 1000 Hz. The signal was gated on
and off with 10 ms raised-cosine ramps and with no
steady state portion. The masker was a 300 ms burst of
band-pass noise centered at 1000 Hz with a bandwidth
of 800 Hz. It was also gated with 10-ms raised-cosine
ramps and had a 280 ms steady-state portion. The
noise spectrum level within the masker passband was
53 dB (re: 20 giPa). Two masker bursts, separated by
800 ms, with the signal were presented randomly before
either the first or the second masker burst. There was
no silent interval between the offset of the signal and
the onset of the masker. The level of the signal was
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Table 1. Means and standard deviations for the control and SU groups on the frequency-
discrimination (FD), intensity-discrimination (ID), and backward masking (BM) tasks at Time 1
and Time 2.

Controls SU

Condition M SD M SD Comparisons

Mean FD T1 (Hz) 24.6 15.3 51.8 25.5 t(20 ) = 3 .1, p = .00 6

Mean FD T2 (Hz) 18.7 11.2 37.5 19.0 t (20) = 2.9, p = .009
ID T1 (dB) 2.6 0.9 3.3 1.6 t(20) = 1.2, p = .23
ID T2 (dB)* 2.1 0.9 2.9 1.2 t(16)-- 1.2, p--.15
BM T2 (dB SPL) 36.9 1.9 47.1 21.1 z = 1.6, p = .11

Note. Because of technical problems at Time 2, ID thresholds from 2 participants in each group
are missing.

variable and was controlled by the computer. A PEST
procedure was again used to determine the signal level
on a given trial within the block of 60 trials. The initial
signal level was 70 dB SPL, with a maximum step size
of 5 dB and a minimum step size of 1 dB. Two threshold
estimates were measured and averaged.

Language Tests
All children were assessed with a short battery of

ability tests, lasting approximately 30 mi. Nonverbal
intelligence was measured using the Wechsler Abbre-
viated Scale of Intelligence (WASI) Matrices subtest
(Wechsler, 1999). For each item, the child was shown a
grid of patterned tiles in which one tile was missing. Six
alternative, differently patterned tiles were displayed
and the child had to select which of these best completed
the grid. Oral language competence was assessed using
two subtests from the Clinical Evaluation of Language
Fundamentals-Third Edition (CELF-3; Semel, Wiig,
& Secord, 1995), a test battery that is widely used in the
diagnosis of SLI. The first subtest was Concepts and
Directions, which is a measure of receptive language. In
this task, the child listens to a list of verbal commands to
point to a sequence of shapes in some correct order. In
the second subtest, Recalling Sentences, the participant
listens to and repeats a sentence of increasing complex-
ity. This task, which taps expressive language ability,
has been shown to be a particularly sensitive measure of
SLI (Conti-Ramsden, Botting, & Faragher, 2001).
Criteria for inclusion in the SLI category were based
on performance of the same language tests at Time 1
(Mengler et al., 2005). All the children in the SLI group
scored more than 1 SD below the level expected for their
age on the receptive and/or expressive CELF-3 subtests
described above. The control children performed within
the average range on both tests, and there was no
overlap in ability between the two groups. Reading also
was assessed at Time I using subtests of the Woodcock
Reading Mastery Test (Woodcock, 1987) and at Time 2

with the Test of Word Reading Efficiency (TOWRE;
Torgesen, Wagner, & Rashotte, 1999). For the latter
task children were asked to read as many items as they
could in 45 s. There are two subtests for the TOWRE;
one uses real words and the other uses nonsense
words.

Results
Frequency Discrimination

The range of thresholds for the control children
was 6-37 Hz, with a mean threshold of 18.7 Hz, and for
the children with SLI the range was 15-76 Hz, with a
mean threshold of 37.5 Hz (see Figure I and Table 1).
An analysis of variance (ANOVA) was performed to
compare the performance of the two groups. However,
the Levene test showed that there was a difference
in the homogeneity of variance between the groups for
the third block, F(1, 20) = 10.4, p = .04. A Kruskal-
Wallis test was performed to compare the three FD
blocks between the two groups. This analysis revealed
significant differences between the groups for each
block (Block 1: p = .03, Block 2: p = .02, Block 3: p =
.01), indicating that the children with SLI had signifi-
cantly higher FD thresholds than the controls for each
block.

To increase statistical power and to control for the
effects of outliers, the mean value of all three blocks
was used as the measure of FD. To investigate the va-
lidity of this approach, a t test was performed on the
mean thresholds of both groups. There were no differ-
ences in the homogeneity of variance between the
groups on the Levene test, F(1, 20) = 0.6, p = .47,
but the children with SLI had significantly higher FD
thresholds than did the controls, t(20) = 3.0, p = .007.
The difference on average between the thresholds
for the children with SLI (37.5 Hz) and those for the
controls (18.7 Hz) was twofold.
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Figure 1. The three frequency-discrimination threshold estimates -
for both groups are shown by box plots at Time 2. FD 1 = Threshold
Estimate 1, FD 2 = Threshold Estimate 2, FD 3 = Threshold Estimate
3. The interquartile range of values obtained is represented by
the box, with the median represented by the solid horizontal line.
The range of measurements is shown by the whiskers, except
for points more than 1.5 (indicated by "o") or 3 box lengths
(indicated by "') from the upper edge of the box.
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Figure 2.-Box plots showing the mean frequency-discrimination , ý
thresholds for both groups from Time 1 (data collected by Mengler
et al., 2005) and Time 2 (the findings of the present study). The
interquartile range of values obtained is represented by the box,
with the median represented by the solid horizontal line. The range
of measurements is shown by the whiskers.
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Comparison of Mean FD Performance
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To recap, the mean (SD) thresholds of the children
with SLI in the first study (Time 1) were 51.8 (26) Hz,
and in this study (Time 2) they were 37.5 (19) Hz. The
mean thresholds of the control children at Time 1 were
24.6 (15) and at Time 2 were 18.7 ,(11.2) Hz., The
difference in performance of the children at Time 1 and
Time 2 was analyzed using, a repeated-measures
ANOVA with two levels: Time. x Group (SLI and
control). A Levene's test of the homogeneity of variance
was not significant, indicating that parametric statis-
tics were appropriate to use. There was a significant
effect of group, F(1, 20) = 11.1, p = .003, and of time,,
F(1, 20) = 11.9, p = .003, but no interaction between
group and time, F(1, 20) = 2.7, p = .11.

Given the 'debate concerning developmental delay
in auditory processing in children with SLI, it is
notable in Figure"'2 that there ýwas'no significant
difference between the control average thresholds at
Time 1 (24.6 Hz) and the SLI performance at Time 2
(37.5 Hz), F(1, 20) = 1.7, p = .09. When the Time I ID
thresholds were included in the analysis as a covariate,
the results did not change, suggesting that the findings
were,not due to differences in task performance ability
of the groups.

0

-T
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Intensity Discrimination
Because of technical difficulties, it was not possible

to obtain ID thresholds for 2 of the children with SLI
and 2 of the controls. The range of ID thresholds for the
control children was 1.1-3.6 dB, with a mean threshold
of 2.1 dB. For the children with SLI, the range of ID
thresholds was 1.9-5.3 dB, with a mean value of 2.9 dB.
There was no difference in the homogeneity of variance
of the mean ID thresholds for the two groups on the
Levene test (F = 3.5,p = .08), nor was there a significant
difference between the groups on this task (see Table 1
and Figure 3). Because the ID task is otherwise similar
to the FD task, except for the manipulation of the
intensity differences between the stimuli, this result
suggests that the two groups of children did not differ in
their abilities to perform the basic psychophysical task.
Rather, they differed in their abilities to discriminate
the frequencies of the tones.

Backward Masking
The backward masking thresholds measured for

the two groups were evaluated by Levene's test for the
homogeneity of variance. This analysis yielded a sig-
nificant outcome (F = 16.1,p = .01), so a Mann-Whitney
U test was performed to compare mean group values.
There was not a significant difference between the SLI
group mean threshold (47.1 dB SPL) and the control

v



Figure 3. Intensity-discrimination thresholds for both groups, at
Time I (ID 1) from Mengler et al. (2005) and at Time 2 in this study
(ID 2). The interquartile range of values obtained is represented by
the box, with the median represented by the solid horizontal line.
The range of measurements is shown by the whiskers.

Figure 4. Box plots showing the backward-masking threshold
estimates of both groups. The interquartile range of values obtained
is represented by the box, with the median represented by the
solid horizontal line. The range of measurements is shown by the
whiskers, except 3 box lengths (indicated by .....) from the upper
edge of the box.
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group mean threshold (36.9 dB SPL) for the backward
masking task (p = .31) (see Figure 4). For the majority of
children in both groups, the backward masking thresh-
olds fell within an adult range (Hartley et al., 2000).

Two of the children with SLI had backward
masking thresholds that were more than 1 SD higher
than the thresholds of all the other participants (shown
as outliers in Figure 4 by asterisks). These 2 children
were not poor performers on other auditory or lan-
guage tasks. Their auditory thresholds and language
scores are shown in Table 2.

Language and Reading Measures
Although both groups were well matched for non-

verbal intelligence, the SLI group was significantly poorer
than the control group on all measures of language
and reading (see Table 3). Even with the 42 month
time lapse between Time 1 and Time 2, the children
with SLI did not catch up with the control group.

Discussion
Evidence for Frequency and Temporal
Deficits in SLI

The FD abilities of both groups improved over
the 42 months between testing sessions at Time I and
Time 2, but the children with SLI remained signifi-

SLI Controls

cantly poorer on the FD task than did the controls.
As discussed in the introduction, a small number of
previous studies have investigated the development
of FD in children with language or literacy problems.
It is difficult to make direct comparisons between the
present study and these previous investigations for
two reasons: (a) the children in our study were older
than those in the other studies, and (b) previous
studies mainly used the ART, rather than separate
FD and temporal-processing tasks. Nevertheless, our
study reflects broadly similar findings to those
reported by Heath (2000), who showed decreased
improvement over time in children with poor PA
compared to children who had good PA. However,
our findings disagree with "those of Share et al. (2002),
who found no difference in the auditory abilities of
children with good and poor PA when tested for the
second time.

The present study also investigated the abilities of
children on a backward masking task. The majority of
children had adultlike backward masking thresholds,
as would be expected for children of their age (Hartley,
Wright, Hogan, & Moore, 2000). This finding suggests
that if tested with the ART, this sample of children
with SLI would be likely to have problems with FD
rather than with temporal processing.

Because backward masking was not tested at
Time 1, we cannot comment here on its developmental
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Table 2. Auditory thresholds and language measures of two children with significantly elevated backward-masking thresholds

are compared with the remainder of children with SU.

BM threshold FD threshold Mean ID threshold 'Matrices Expressive Receptive

Child identification no. (dB SPL) (Hz) (dB) test' Languageb Languageb

4 85.8' 31.85 1.9 54 6 2

8 88.2 40.33 4.7 54 3 '7

Mean of remaining 37.2 38.8 2.9 45 4 6

sample'

°Matrices score expressed as Tscores (M 50, SD = 10). bCELF-3 scores expressed as T scores (M =10, 5D = 3).

time course. Nevertheless, it is clear that at Time 2

the majority of children with SLI performed as well as

did the controls. Two children with SLI had backward

masking thresholds that were I SD or more greater

than the values measured for the rest of the group.
Possible reasons for these outliers are discussed below.

Do FD deficits behave like maturational lag or

permanent deficit? It is well known that auditory

systems have a protracted course of development in,
typically developing children. This has been shown

using electrophysiological techniques in children with

profound deafness who have received cochlear im-

plants (Ponton & Eggermont, 2001) and in studies of

normally developing children and adolescents (Ponton,

Eggermont, Kwong, & Don, 2000). There is also some
immunohistochemical evidence for delayed maturation

in the study of Moore and Guan (2001), who found that

the neut6filament expression of axons in the auditory
cortex does not appear to be mature until age 11-12.

This finding raises the question of whether a delay in

the maturation of auditory processing can cause the

auditory problems observed in children with'SLI.

The majority of the children in this study improved

their FD abilities over the 42 months between' testing.

However, there is little previous empirical evidence for

delayed FD ability in children with language problems.

Normally, FD abilities for brief duration tones mature
after the age of 6 or 7 years (Jensen & Neff, 1993;

Thompson, Cranford, & Hoyer, 1999), and there was a
tendency, albeit not significant, for improvement in the
control group between Time 1 and Time 2. There was

no significant difference between the groups on the ID

task at either Time 1 or Time 2, indicating that even if

the children with SLI were developmentally delayed in'

Table 3. Language, reading, and nonverbal intelligence measures of both groups.

Controls SU

M SD M SD Comparisons (ttests)

Time 1
Expressive Language0  10.2 3.2 3.9 1.4 t (20) = 5.7, p < .01

Receptive LanguageP 12.8 2.5 6.7 2.4 t(20) = 5.8, p'< .01

Sight Word Reading (WI) 108.5 13.0 85 12.2 t(20) = 3.1, p< .01

Nonword Reading (WA) 107.3 10.6 93 11.3 t (20) = 4.3, p < .01

Time 2
Matrices b 47.4 6.7 48.3 7.8 t (20) = 0.3, p < .78

Expressive LanguageP 8.6 2.3 4.2 1.6 t(20) = 5.1, p < .01

Receptive LanguageP 9.3 2.5 5.8 2.7 t(20) = 3.2, p < .01

Sight word efficiency 108.7 15.7 87.2 14.8 t (20) = 3.3, p < .01

(Sight Word Reading)'
Nonword Reading

(phonetic decoding)c 107.3 23.4 86.7 19.8 t (20) = 2.2, p < .01

Note. WI = Word Identification, the Woodcock Reading Mastery Test Sight Word reading subtest, WA Word Attack, the

Woodcock Reading Mastery Test Nonword Reading subtest. Both have a mean of 100 and standard deviation of 15.

'CELF-3 scores expressed at T scores (M = 10, SD- 3). bMalrices expressed as T scores (M = 50, SD = 10). 'Test of Word Reading

Efficiency scores are percentiles (M = 50, SD=' 15).
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their ID in early childhood, they had reached mature
levels by the time they were tested by Mengler et al.
(2005). Nevertheless, despite their mature perfor-
mance on the ID task at the present time, the children
with SLI have significantly higher thresholds than
those of the controls on the FD task. There is a trend
suggesting the children with SLI may be developmen-
tally delayed relative to controls on the FD task, but
further data are needed to confirm this. For example, if
thresholds were collected from these children at future
time points it would be possible to see if the SLI group
did indeed reach adult levels, and at what stage this
occurred relative to the control group.

There is growing evidence that children with
language or literacy problems may also have delayed
development of other auditory skills. For example,
Wright and Reid (2002) showed that 12-year-old
children with SLI had thresholds for simultaneous,
backward, and forward masking that were signifi-
cantly different from age-matched controls but not
significantly different from 8-year-old controls. This
finding suggests a delayed development in the children
with SLI for a range of masking tasks. However,
developmental delay in the group of children with
SLI in the present study cannot be confirmed unless
the children are retested at a future date and shown to
have reached adult levels. A similar finding also has
been reported by Hautus, Setchell, Waldie, and Kirk
(2003). They showed that 6-9-year-old children with
dyslexia were impaired at a gap detection task relative
to age-matched controls. This pattern of results was
not seen in groups of older children and in adults with
dyslexia. Hautus and colleagues concluded that early
temporal-resolution deficits observed in the children
with dyslexia significantly improved over time. How-
ever, they also suggested that auditory-processing
deficits measured in children who are young may be
antecedent to other language-related perceptual prob-
lems (particularly those related to phonological pro-
cessing) that persist after the primary deficit has
resolved. These previous reports and the findings from
the present study indicate that children with learning
and language difficulties who also have poor auditory-
processing abilities are able to improve their auditory
skills over the course of their development. Additional
research is necessary to determine (a) whether these
children ever catch up fully with their peers over time
and (b) whether impaired auditory processing when
young is associated with lasting language-related
difficulties.

Individual Differences
A number of studies have shown that the auditory

deficits observed in SLI are heterogeneous, with much

interparticipant variability (McArthur & Bishop, 2001,
2004a, 2004b). A similar pattern of results was ob-
served in the present study on the backward masking
task, where 2 children with SLI had thresholds that
were significantly higher than those of the rest of the
group. Such findings have led to hypotheses that
children with SLI may comprise a number of subgroups
with different underlying causes, but all presenting
with similar symptoms, namely, poor expressive and
receptive language (Heath, Hogben, & Clark, 1999;
McArthur & Hogben, 2001). For example, investigators
in several studies have reported that a subset of people
with SLI who have concomitant reading deficits are
likely to perform more poorly on auditory tasks than
are those who are impaired in only one of these areas
(Heath, Hogben, & Clark, 1999; McArthur & Hogben,
2001). In this study, the poor performance of 2 children
on the backward masking task may indicate that in
addition to having an FD impairment, they have addi-
tional difficulties with temporal resolution that are not
observed in the other children (see Table 2). One of
these 2 participants also had significantly elevated
ID thresholds compared to the control data. This child
had ID problems, in addition to other auditory process-
ing difficulties, that may contribute to his higher
backward masking threshold.

The influence of top-down processes in psychophys-
ical tasks also needs to be investigated. Although the
children with SLI had poor FD abilities, this apparent
deficit is unlikely to be due to overt inattention because
there was not a significant difference between the two
groups on the control ID task. Several studies have
reported FD deficits in participants with language
and literacy problems such as SLI and dyslexia using
evoked response potentials that required no response
from the participant (Baldeweg, Richardson, Watkins,
Foale, & Gruzelier, 1999; Bishop & McArthur, 2005).
This adds support to the argument that poor FD
measured psychophysically is not a mere reflection of
poor attention (Baldeweg et al., 1999). Taken together,
these findings suggest that impaired FD as measured
psychophysically is not an artifact of inattention, and
that poor FD may contribute significantly to SLI.

Conclusions
The findings from our FD and backward masking

measurements suggest that children with SLI in their
early teenage years may have FD deficits and may also
have additional temporal-processing problems. This
finding is congruent with a small number of studies
investigating the role of FD in people with language or
literacy problems (Amitay, Ahissar, & Nelkin, 2002;
Bishop & McArthur, 2005; McArthur & Bishop,
2004a).

1144 Journal of Speech, Language, and Hearing Research * Vol. 48 • 1136-1146 * October 2005



Acknowledgments
We thank the Wellcome Trust and the Experimental

Psychology Society (United Kingdom) for their generous
financial support, and Joanna Kidd and Veronica Edwards.

References
Amitay, S., Ahissar, M., & Nelken, I. (2002). Auditory

processing deficits in reading disabled adults. Journal of
the Association for Research in Otolaryngology, 302-320.

BaIdeweg, T., Richardson, A., Watkins, S., Foale, C., &
Gruzelier, J. (1999). Impaired auditory frequency
discrimination in dyslexia detected with mismatch
evoked potentials. Annals of Neurology, 45, 495-503.

Bernstein, L. E., & Stark, R. E. (1985). Speech perception
development in language-impaired children: A 4-year
follow-up study. Journal of Speech and Hearing Disorders,
50, 21-30.

Bishop, D. V. (1994). Is specific language impairment a
valid diagnostic category? Genetic and psycholinguistic
evidence. Philosophical Transactions of the Royal Society
of London, B, 346, 105-111.

Bishop, D. V., Bishop, S. J., Bright, P., James, C.,
Delaney, T., & Tallal, P. (1999).,Different origin of
auditory and phonological processing problems in
children with language impairment: Evidence from a
twin study. Journal of Speech, Language, and Hearing
Research, 42, 155-168.

Bishop, D. V., Carlyon, R. P., Deeks, J. M., & Bishop,
S. J. (1999). Auditory temporal processing impairment:
Neither necessary nor sufficient for causing language
impairment in children. Journal of Speech, Language,
and Hearing Research, 42, 1295-1310.

Bishop, D. V., & Edmundson, A. (1987). Specific language
impairment as a maturational lag: Evidence from
longitudinal data on language and motor development.
Developmental Medicine and Child Neurology, 29, 442-459.

Bishop, D. V., & McArthur, G. (2005). Individual differ-
ences in auditory processing in specific language impair-
ment: A follow-up study using event-related potentials
and behavioural thresholds. Cortex, 41, 327-341.

Bishop, D. V., & Snowling, M. J. (2004). Developmental
dyslexia and specific language impairment. Same or
different? Psychological Bulletin, 130, 858-886.

Breier, J. I., Gray, L. C., Fletcher, J. M., Foorman, B., &
KMaas, P. (2002). Perception of speech and nonspeech
stimuli by children with and without reading disability
and attention deficit hyperactivity disorder. Journal of
Experimental Child'Psychology, 82, 226-250.

Cacace, A. T., McFarland, D. J., Ouimet, J. R.,
Schrieber, E. J., & Marro, P. (2000). Temporal
processing deficits in remediation-resistant reading-
impaired children. Audiology and Neurootolaryngology,
5, 83-97.

Conti-Ramsden, G., Botting, N., & Faragher, B. (2001).
Psycholinguistic markers for specific language impairment
(SLI). Journal of Child Psychology and Psychiatry, 42,
741-748.

Efron, R. (1963). Temporal perception, aphasia and
d6jb vu. Brain, 86, 403-424.

Elliott, L. L., & Hammer, M. A. (1988). Longitudinal
changes in auditory discrimination in normal children
and children with language-learning problems. Journal
of Speech and Hearing Disorders, 53, 467-474.

Hartley, D. E., & Moore, D. IR. (2002). Auditory processing
efficiency deficits in 6- to 10-year-old children. Journal
of Speech, Language, and Hearing Research, 43,
1402-1415.

Hartley, D. E., Wright, B. A., Hogan, S. C., & Moore,
D. R. (2000). Age-related improvements in auditory
backward and simultaneous masking children with
developmental language impairments. Journal of the
Acoustical Society of America, 112, 2962-2966.

Hautus, M. J., Setchell, G. J., Waldie, K. E., & Kirk, I. J.
(2003). Age-related improvements in auditory temporal
resolution in reading-impaired children. Dyslexia, 9,
37-45.

Heath, S. (2000). The prediction of specific reading disability
using auditory temporal pr,ocessing, phonological
awareness and oral language ability. Unpublished
doctoral dissertation, University of Western Australia.

Heath, S. M., Hogben, J. H., & Clark, C. D. (1999).
Auditory temporal processing in disabled readers with and
without oral language delay. Journal of Child Psychology
and Psychiatry, 40, 637-647.

Jensen, J., & Neff, D. (1993). Development of basic auditory
discrimination in preschool children. Psychological
Science, 4, 104-107.

Lowe, A. D., & Campbell, R.A. (1965). Temporal dis-
crimination in aphasoid and normal children. Journal of
Speech and Hearing Research, 8, 313-314.

Marshall, C. M., Snowling, M. J., & Bailey, P. J. (2001).
Rapid auditory processing and phonological ability in
normal readers and readers with dyslexia. Journal of
Speech, Language, and Hearing Research, 44, 925-940.

McArthur, G. M., & Bishop, D. V. (2001). Auditory
perceptual processing in people with reading and
oral language impairments: Current issues and
recommendations. Dyslexia, 7, 150-170.

McArthur, G. M., & Bishop, D. V. M. (2004a).
Frequency discrimination deficits in people with specific
language impairment: Reliability, validity, and linguistic
correlates. Journal of Speech, Language, and Hearing
Research, 47, 527-541.

McArthur, G. M., & Bishop, D. V. M. (2004b). Which
people with specific language impairment have auditory
processing deficits? Cognitive Neuropsychology, 21,
79-94.

McArthur, G. M., & Hogben, J. H. (2001). Auditory
backward recognition masking in children with a specific
language impairment and children with a specific reading
disability. Journal of the Acoustical Society of America,
109, 1092-1100.

Mengler, E. D., Hogben, J. H., Michie, P. T., & Bishop,
D. V. M. (2005). Poor frequency discrimination is related to
oral language disorder in children: A psychoacoustic study.
Dyslexia, 11, 155-173.

Hill et al.: Auditory Frequency Discrimination in SLI 1145



Moore, J. IL, & Guan, Y. L. (2001). Cytoarchitectural and
axonal maturation in human auditory cortex. Journal of
the Association for Research in Otolaryngology, 2, 297-311.

Paul, IL, Hernandez, M., Taylor, L., & Johnson, K.
(1996). Narrative development in late talkers: Early school
age. Journal of Speech and Hearing Research, 39,
1295-1303.

Ponton, C. W., & Eggermont, J. J. (2001). Of kittens
and kids: Altered cortical maturation following profound
deafness and cochlear implant use. Audiological
Neurootolaryngology, 6, 363-380.

Ponton, C. W., Eggermont, J. J., Kwong, B., & Don, M.
(2000). Maturation of human central auditory system
activity: Evidence from multi-channel evoked potentials.
Clinical Neurophysiology, 111, 220-236.

Reed, M. A. (1989). Speech perception and the discrimina-
tion of brief auditory cues in reading disabled children.
Journal of Experimental Child Psychology, 48, 270-292.

Rice, M. L., Oetting, J. B., Marquis, J., Bode, J., &
Pae, S. (1994). Frequency of input effects on word
comprehension of children with specific language
impairment. Journal of Speech and Hearing Research,
37, 106-122.

Semel, E. M., Wiig, E. H., & Secord, W.A. (1995). Clinical
Evaluation of Language Fundamentals-Third Edition.
San Antonio, TX_ The Psychological Corporation.

Share, D. L., Jorm, A. F., McLean, IL, & Matthews, M.
(2002). Temporal processing and reading disability.
Reading and Writing, 15, 151-178.

Tallal, P. (1976). Rapid auditory processing in normal
and disordered language development. Journal of Speech
and Hearing Research, 19, 561-571.

Tallal, P. (2000). The science of literacy: From the laboratory
to the classroom. Proceedings of the National Academy
of Sciences USA, 97, 2402-2404.

Tallal, P., & Piercy, M. (1973a). Defects of non-verbal
auditory perception in children with developmental
aphasia. Nature, 241, 468-469.

Tallal, P., & Piercy, M. (1973b). Developmental aphasia:
Impaired rate of nonverbal processing as a function of
sensory modality. Neuropsychologia, 11, 389-398.

Tallal, P., & Piercy, M. (1974). Developmental aphasia:
Rate of auditory processing and selective impairment
of consonant perception. Neuropsychologia, 12, 83-93.

Tallal, P., & Stark, &. E. (1981). Speech acoustic-cue
discrimination abilities of normally developing and
language-impaired children. Journal of the Acoustical
Society of America, 69, 568-574.

Taylor, M. M., & Creelman, C. D. (1967). PEST: Efficient
estimates on probability functions. Journal of the
Acoustical Society of America, 41, 782-787.

Thompson, N. C., Cranford, J. L., & Hoyer, E. (1999).
Brief-tone frequency discrimination by children. Journal of
Speech, Language, and Hearing Research, 42, 1061-1068.

Torgesen, J. K., Wagner, IL. X., & Rashotte, C. A. (1999).
Test of Word Reading Efficiency (TOWRE).
Austin, TX: Pro-Ed.

van der Lely, H. K., & Stollwerek, L. (1997). Binding
theory and grammatical specific language impairment
in children. Cognition, 62(3), 245-290.

Waber, D. P., Weiler, M. D., Wolff, P. H., Bellinger, D.,
Marcus, D. J., Ariel, R. et al. (2001). Processing
of rapid auditory stimuli in school-age children referred for
evaluation of learning disorders. Child Development,
72, 37-49.

Wechsler, D. (1999). Wechsler Abbreviated Scale of Intelli-
gence. San Antonio, TX: The Psychological Corporation.

Whitehurst, G. J., & Fischel, J. E. (1994). Practitioner
review: Early developmental language delay: What, if
anything, should the clinician do about it? Journal of
Child Psychology and Psychiatry, 35, 613-648.

Woodcock, KL N. (1987). Woodcock Reading Mastery Tests-
Revised examiner's manual. Circle Pines, MN: American
Guidance Service.

Wright, B. A., Lombardino, L. J., King, W. M., Puranik,
C. S., Leonard, C. M., & Merzenich, M. M. (1997).
Deficits in auditory temporal and spectral resolution
in language-impaired children. Nature, 387, 176-178.

Wright, B. A., & Reid, M. D. (2002). Excessive auditory
masking in children with language or listening impair-
ments interpreted as developmental delay. Proceedings
of the 25th Annual Meeting of the Association for
Research in Otolaryngology, 25, 19-20.

Zangwill, 0. L. (1978). The concept of developmental
dysphasia. In M. A. Wyke (Ed.), Developmental
dysphasia (pp. 1-12). London: Academic Press.

Received July 17, 2003

Revision received December 3, 2003

Accepted January 10, 2005

DOI: 10.1044/1092-4388(2005/080)

Contact author: Penelope R. I-Jill, Department of Experi-
mental Psychology, Oxford University, South Parks Road,
Oxford OXI 3UD, United Kingdom.
E-mail: penny.hill@magdalen.oxon.org

1146 Journal of Speech, Language, and Hearing Research @ Vol. 48 * 1136-1146 * October 2005



COPYRIGHT INFORMATION

TITLE: Auditory Frequency Discrimination in Children With
Specific Language Im

SOURCE: Journal of Speech, Language, and Hearing Research 48
no5 O 2005

PAGE(S): 1136-46
WN: 0527405579015

(C) The American-Speech-Language-Hearing Association is the
publisher of this article and holder of the copyright. Further
reproduction of this article in violation of copyright is prohibited
without the consent of the publisher. To contact the publisher:
http://www.asha.org/

Copyright 1982-2006 The H.W. Wilson Company.  All rights reserved.


