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Abstract

Slowed speed of processing and impaired rapid temporal processing (RTP) have been proposed to underlie specific language
impairment (SLI), but it is not clear that these dysfunctions are unique to SLI. We considered the contribution of attention-deficit/
hyperactivity disorder (ADHD), which frequently co-occurs with language impairments, to performances on processing tasks.
School-aged children who had SLI without concurrent ADHD (n = 14), ADHD without concurrent SLI (n = 14), and typical
development (TD, n = 28) performed two nonverbal speeded tasks and one auditory RTP task. RTP impairments were found in
many children with SLI and ADHD, and some children with TD. Children with ADHD demonstrated slower processing speed than
children with SLI or TD. Overall, findings questioned the uniqueness of these processing dysfunctions to language impairments and
the validity of the behavioural paradigms traditionally used to estimate processing dysfunctions. Accounts of SLI should be further
scrutinized by considering the influence of other disorders.

Learning outcomes: Readers will (1) become familiar with areas of overlap between SLI and ADHD, (2) understand some of
the confounds associated with behavioural measures of processing speed in children, and (3) recognize the value in testing models
of language disorders by including participants with other types of disorders.
© 2009 Elsevier Inc. All rights reserved.

Recent research investigating children with specific language impairment (SLI) has focused on specific perceptual
or cognitive processing impairments, with a view toward finding fundamental causal mechanisms and markers of this
disorder (Conti-Ramsden, Botting, & Faragher, 2001). Through pursuit of these objectives, a number of processing
dysfunctions have been identified as possible markers of SLI, including impaired speed of processing (Kail, 1994;
Lahey, Edwards, & Munson, 2001; Miller, Kail, Leonard, & Tomblin, 2001; Montgomery, 2005) and rapid temporal
processing (Benasich, Thomas, Choudhury, & Leppanen, 2001; Tallal, 2000). The proposed link between these
processing dysfunctions and language disability is drawn primarily from the fact that the children with SLI under study
have, by definition, impaired linguistic functioning. Although this is a reasonable inference, a more intricate test of the
proposed causal link between processing and language would be to examine the target processes in groups of children

* Corresponding author.
E-mail address: joramcar@uwo.ca (J.E. Oram Cardy).

0021-9924/$ — see front matter © 2009 Elsevier Inc. All rights reserved.
doi:10.1016/j.jcomdis.2009.09.003


mailto:joramcar@uwo.ca
http://dx.doi.org/10.1016/j.jcomdis.2009.09.003

78 J.E. Oram Cardy et al./Journal of Communication Disorders 43 (2010) 77-91

with other forms of impairments that do not involve language. Because this issue has received limited attention in the
literature to date, we sought to explore the contributions of SLI and Attention/Deficit Hyperactivity Disorder (ADHD),
a behavioural disorder that frequently co-occurs with language impairments (Baker & Cantwell, 1991; Beitchman,
Hood, Rochon, & Peterson, 1989), to two aspects of processing proposed to be impaired in SLI: speed of processing
and rapid temporal processing.

1. Processing dysfunctions in SLI

Slowed speed of processing and impaired rapid temporal processing have both been proposed to be causally connected
to impaired language development and functioning. For example, in the generalized slowing account, children with SLI
are thought to have a central dysfunction that involves slowing across all aspects of mental processing (Kail, 1994; Miller
etal.,2001; Windsor & Hwang, 1999). Irrespective of the nature or complexity of the task, children with SLI are proposed
to be slower than their peers by a constant factor. The time-dependent nature of speech is thought to make language
development especially vulnerable to the effect of slow information processing (Miller et al., 2001). In the rapid temporal
processing (RTP) dysfunction account (which some have argued to be subsumed under generalized slowing, see
Montgomery & Windsor, 2007), children with SLI are proposed to have a central impairment in processing quick
transitions in sensory input (Benasich et al., 2001; Tallal, 2000). The inability to process rapidly changing elements within
the speech signal is viewed as a key contributor to language impairments, because a number of phonemic contrasts are
signalled within extremely brief time frames. Thus, an underlying RTP impairment is proposed to interfere with
development of the phonological system, and, consequently, spoken and written language (Tallal, 2000).

Although empirical evidence exists to support the presence of these processing dysfunctions in children with SLI,
the models remain open to debate and controversy. The statistical analysis methods used to support the generalized
slowing hypothesis have been challenged, with other analysis methods pointing to process-specific, not generalized,
slowing in SLI (Windsor, Milbrath, Carney, & Rakowski, 2001). Although some have concluded that the evidence for
a RTP dysfunction in language disorders is compelling (Farmer & Klein, 1995; Habib, 2000; Leonard, 1998), others
have failed to find differences between children with SLI and children with typical language development in RTP
(Heltzer, Champlin, & Gillam, 1996; McArthur & Bishop, 2001; Rosen, 1999). In addition, some authors have argued
that this dysfunction is not specific to input that is rapid, but rather may reflect a broader based impairment in auditory
processing (Heltzer et al., 1996; Rosen, 1999). Others have argued that RTP impairments may not be causally linked to
language impairments (Bishop, Carlyon, Deeks & Bishop, 1999). Counterarguments to these criticisms have included
the fact that RTP dysfunctions do appear in at least a subset of children with language disorders (McArthur & Bishop,
2004) and the fact that failures to identify this dysfunction in some children with language impairment may reflect
inadequate measurement sensitivity or maturational changes across different age groups that have been studied
(Bishop & McArthur, 2005; Joanisse & Seidenberg, 1998; McArthur & Bishop, 2005).

An additional source of debate arises from the potential confounds introduced by the behavioural paradigms
typically used for measuring the processes of interest. Such confounds have been at the forefront of the controversy
surrounding the RTP account. Because RTP paradigms place demands on higher level processes (e.g., attention,
memory, learning), it is arguably difficult to attribute poor performance directly to impaired RTP. Indeed, Bishop et al.
(1999) suggested that poor performances by children with SLI on RTP tasks might reflect attentional problems.
Moreover, Ludlow, Cudahy, Bassich, and Brown (1983) found impaired performance on a task measuring RTP in a
group of six children with ADHD who did not have concurrent SLI or learning disabilities. Although similar concerns
have not been central to the critiques of other processing accounts of SLI, a confounding influence of higher level
processes is certainly a plausible issue for studies examining these accounts as well.

2. The role of ADHD

Little research has explored whether the aforementioned processing dysfunctions are indeed unique to disorders of
language, one of the precursors to proposing causality. Evidence for an impaired aspect of processing in children with
SLI relative to children with typical development does not establish whether the process contributes to impaired
language development. It is also important to determine that the dysfunctional process is associated with SLI and not
another co-occurring disorder in the sample. The high rates with which other developmental and behavioural disorders
occur in the SLI population (Baker & Cantwell, 1991) suggest that this possibility cannot be readily dismissed. It is
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also important to determine whether children with other disorders besides SLI have dysfunctions in the basic process.
If a processing dysfunction is found in children who do not have a core linguistic impairment, it is difficult to argue that
the dysfunction is central to impaired language development or is a marker of SLI.

ADHD commonly co-occurs with language impairments, thus warranting attention when considering the
uniqueness of specific processing dysfunctions to SLI. ADHD is the most common psychiatric/behavioural disorder of
childhood, affecting roughly 3—7% of school-aged children (Polanczyk & Jensen, 2008). Children with ADHD present
with persistent problems in one or both of two behavioural symptom clusters: inattention and hyperactivity-
impulsivity. These symptoms are demonstrated at a frequency and severity that is judged to be inappropriate for the
child’s level of development and are associated with impairment in daily functioning (American Psychiatric
Association, 2000). Of importance here, 20-40% of children with language impairments also have ADHD (Baker &
Cantwell, 1991; Beitchman et al., 1989) and 40-60% of children with ADHD have language impairments (Cohen,
Davine, Horodezky, Lipsett, & Isaacson, 1993; Oram, Fine, Okamoto, & Tannock, 1999).

Few investigators have examined the possible role of other disorders, including ADHD, when examining
processing dysfunctions in SLI. Despite prior concerns about the role of attentional problems in RTP task
performance, investigators have not been consistent in determining the degree of ADHD co-occurrence in their SLI
samples or controlling for its potential influence on their findings. Moreover, examinations of children with ADHD
suggest that RTP dysfunctions (Ludlow et al., 1983) and slowed processing speed (e.g., Carte, Nigg, & Hinshaw, 1996;
Kunsti & Stevenson, 2001; Scheres, Oosterlaan, & Seregeant, 2001; Weiler, Holmes Bernstein, Bellinger, & Waber,
2000) may also be present in this population.

We aimed to contrast the contribution of SLI and ADHD to performances on three measures previously used in the
literature to examine processing dysfunctions in children with SLI: two nonverbal speed of processing tasks varying in
degree of cognitive load and one auditory rapid temporal processing task. To do so, we tested processing speed and
RTP in three groups of children who showed: (1) receptive-expressive SLI without concurrent ADHD, (2) ADHD
without concurrent SLI, and (3) typical language and behaviour development. In line with current theories of SLI, we
predicted that children with SLI who did not have ADHD, but not children with ADHD who did not have SLI, would
show impaired performance on our processing tasks relative to children with typical development.

3. Method
3.1. Farticipants

Fifty-six children from a large metropolitan area participated: 14 children (3 girls) with receptive-expressive SLI,
14 children (4 girls) with ADHD, and 28 children (8 girls) with typical language and behaviour development (TD).
Participants ranged in age from 6 years, 5 months to 11 years, 3 months. The groups did not differ in age (see Table 1).
Most children were recruited and tested within a suburban school board. Five children with ADHD were referred by
two paediatricians, and two children with ADHD and two children with TD by personal contacts. These nine children
were tested in their home, their paediatrician’s office, or a university clinic.

The relatively small size of our groups with SLI and ADHD reflects the challenges in recruiting children who met
our rigorous inclusionary criteria (described below), which were designed to focus on the receptive-expressive type of
language impairment and to exclude the presence of other disorders (e.g., ADHD + SLI). Originally, 27 children who
met referral criteria for the group with SLI and 21 for the group with ADHD were identified. Of these, 13 candidates
for the group with SLI were subsequently excluded, the majority due to evidence for an expressive, but not receptive,
language impairment (10), and the remainder due to behaviour suggestive of an autism spectrum disorder (1),
behaviour ratings suggestive of ADHD (1), and presence of a chromosomal disorder (XYY; 1). Seven candidates for
the group with ADHD were excluded due to below average performances on the language measure.

All included participants passed a pure-tone hearing screening (30 dB tone presented bilaterally at .5, 1, 2 and
4 kHz) and had no known sensory, neurological or major psychiatric disorder (e.g., autism, psychosis). Most
participants were native English speakers. Three children had a native language other than English (Spanish for one
child with SLI, Punjabi for two children with TD) but had been attending an English primary school for at least four
years and were reported by parents to speak English as their primary language.

No participant had evidence of a global cognitive impairment. Wecshler Intelligence Scale for Children — Third
Edition (WISC-III; Wechsler, 1991) Performance 1Q (PIQ) scores were obtained from the student records of 11
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Table 1
Comparisons of groups with SLI, ADHD and TD on Age, IQ, language and behaviour.

Group 1 SLI Group 2 ADHD Group 3 TD df F p n> Post hoc
Age (years) 9.6 (1.3) 9.0 (1.4) 9.7 (1.2) 2,53 1.8 181 .06 -
WISC-III performance 1Q 96 (14) 101 (13) - 21 t=—1.1 308 d=.36
CELF-3
Receptive language 74 (8) 96 (10) 108 (12) 2,53 46.8 <.001 .64 1<2<3
Expressive language 75 (8) 96 (16) 105 (13) 2,53 26.1 <.001 .50 1<2,3
CPRS-R*®
ADHD index 56 (11) 72 (13) 46 (5) 2,46 32.1 <.001 .58 2>1>3
DSM-1V inattentive 55 (11) 66 (14) 47 (6) 2,46 16.0 <.001 41 2>1>3
DSM-1V hyperactive-Impulsive 56 (13) 74 (14) 50 (7) 2,46 20.1 <.001 47 2>13
CTRS-R*
ADHD index 56 (9) 73 (12) 48 (8) 2,53 25.4 <.001 52 2>13
DSM-1V inattentive 57 (9) 68 (10) 48 (7) 2,53 19.1 <.001 45 2>1>3
DSM-1V hyperactive-impulsive 53 (9) 71 (14) 48 (8) 2,53 20.6 <.001 47 2>13

Note: CELF-3 and WISC-III performance IQ scores are standard scores (M = 100, SD = 15). CPRS-R and CTRS-R scores are T-scores (M = 50,
SD = 10).

¥ MANOVA, F(12,84)=5.1, p < .001.

® CPRS-R was not returned for one child with SLI, two children with ADHD, and four children with TD.

children with SLI and 12 children with ADHD. Scores ranged from 81 to 124 for children with SLI and 85 to 128 for
children with ADHD. The groups did not differ in PIQ scores (See Table 1). The remaining children with SLI and
ADHD had PIQ scores of at least 80 based on referral criteria, but their parents did not return consents to obtain the
specific scores. Nonverbal intelligence scores were not available for children with TD. However, they were presumed
to have adequate cognitive functioning because parents reported no history of developmental, learning, or behaviour
problems, and neither parents nor teachers reported any current concerns about learning or behaviour. To reduce the
chances of recruiting children with above average intelligence, teachers were specifically requested to refer only those
children who were average achievers, that is, those who were meeting, but not exceeding, grade expectations.

In an initial session, the Clinical Evaluation of Language Fundamentals — 3™ edition (CELF-3; Semel, Wiig, &
Secord, 1995) was administered to all children. Parents completed a developmental history questionnaire and the
Conners’ Parent Rating Scale - Revised (CPRS-R; Conners, 1997; Conners, Sitarenios, Parker, & Epstein, 1998a).
Teachers completed the Conners’ Teacher Rating Scale - Revised (CTRS-R; Conners, 1997; Conners, Sitarenios,
Parker, & Epstein, 1998b). Three scales from the CPRS-R and CTRS-R were used to examine the presence of
behaviours associated with ADHD: the Conners’ ADHD Index, the DSM-IV Inattentive scale, and the DSM-IV
Hyperactive-Impulsive scale. These scales have been shown to successfully discriminate children with ADHD from
controls (ES, d > 3.0; Brown et al., 2001).

3.1.1. Language impairment status

Children with SLI (a) had a history of language delay by parent report, (b) were diagnosed with or suspected by
school personnel of having a receptive-expressive language impairment, and (c) received a CELF-3 Receptive
Language Score (RLS), Expressive Language Score (ELS), and Total Language Score (TLS) below 85. Children with
ADHD and TD (a) had no history of language delay by parent report, (b) were not diagnosed with or suspected of
having a language impairment, and (c) received CELF-3 RLS, ELS and TLS scores > 85.

3.1.2. ADHD status

Children in the group with ADHD (a) had a current diagnosis of ADHD made in the school or community by a
psychologist or physician, (b) received T-scores at or above 65 (i.e., at least 1.5 SD above the mean) on at least two of
the three subscales of the CPRS-R or CTRS-R (which is considered to be a clinically relevant elevation in behaviour;
Conners, 1999), and (c) were not taking medication for treatment of ADHD or were taking a medication (e.g.,
Ritalin™) that could be safely stopped for the two testing sessions. Parents and teachers of children taking medication
for treatment of ADHD were asked to base their ratings on observations of the child off medication only. Children in
the groups with SLI and TD (a) were not diagnosed with or suspected of having ADHD and (b) received T-scores
below 65 on at least two of the three subscales of the CPRS-R and CTRS-R.
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As expected, the groups with SLI, ADHD and TD differed significantly on all CELF-3 scales and CPRS-R/CTRS-R
subscales (all F > 16, all p < .001; see Table 1). Post hoc analyses of group performances on each measure using
Tukey’s HSD revealed the pattern of group differences expected based on the inclusionary criteria, apart from two
exceptions. First, the group with ADHD had significantly lower CELF-3 RLS than the group with TD (p =.015).
Nonetheless, no child with ADHD met our criterion for a language impairment and the mean standard score of the
group with ADHD (M = 96) fell in the average range (i.e., 85—115). Second, children with SLI had significantly higher
ratings than children with TD on the parent ( p = .047) and teacher (p = .012) DSM-1V Inattentive scales and the parent
ADHD Index (p =.008). However, no child with SLI met our criterion for ADHD and the group mean 7-scores for
children with SLI (M = 55-57) were in the average range (i.e., T-score of 40-60) for all three of these scales.

3.2. Experimental procedures and measures

In a second session, children completed three tasks administered using a laptop computer with peripheral numeric
keypad. For all tasks, children were instructed to retain one or both thumbs resting on the required key(s) so that
reaction times did not include movement time, which can confound reaction time measurement (Lee & Miller, 1995).
A Latin Square design counterbalanced order of task presentation to the extent possible given the group sizes.

3.2.1. Auditory repetition test (ART)

The ART is proposed to measure rapid temporal processing. It is a modified version of the Repetition Test
(Merzenich et al., 1996; Miller, Jenkins, Merzenich, & Tallal, 1995; Tallal & Piercy, 1973a; Tallal et al., 1996). The
ART was selected over other measures of RTP because it uses an adaptive staircase procedure (described below) to
determine the minimum separation needed between two tones for the child to successfully replicate the tone sequence,
and thus adjusts to individual variations in performance. Auditory stimuli consisted of two computer-generated sine
waves with fundamental frequencies of 1 kHz (Tone 1) or 2 kHz (Tone 2) and 10-ms linear rise/fall times. Four
durations used in prior RTP studies (20-, 40-, 75-, and 150-ms) were recorded for each tone at a 44,100 Hz sampling
rate using a 16-bit mono digital-to-analogue converter. Stimuli were delivered using E-Prime Beta 4.0 (1999) over
Telephonics TDH-39P headphones at 70 dB SPL.

The ART began with a two-part training phase using 150-ms tones in which the child received verbal feedback on
response accuracy, and demonstration of the correct response when necessary. First, children were trained to press
separate keys for Tone 1 and Tone 2, with single, randomized trials of the tones presented until a criterion of 10 out of 12
consecutive correct responses was reached. Second, participants responded by key press to two-tone sequences with a
constant interstimulus interval (ISI) of 800-ms between the tones. Following a demonstration of the four possible
combinations, tone pairs were randomly presented until 10 out of 12 consecutive correct responses were made.

In the testing phase, the shortest time interval the child needed to judge the order of tone pairs was determined at
each of four tone durations. Initially, a 150-ms tone pair separated by an ISI of 250-ms was presented. The next tone
pair was presented 1 s after the participant’s response. In accordance with a 2-up/1-down adaptive staircase procedure,
the ISI was decreased after two consecutive correct responses and increased after any single incorrect response. This
allowed determination of the child’s temporal threshold, that is, the shortest ISI at which the child could successfully
replicate the sequence. The following ISI steps were used: 10-25-50-100-150-200-250-300-350-400-450-500-600-
700-800-ms." The temporal threshold was defined as the ISI at which the 4™ decrease-to-increase reversal occurred
(i.e., the fourth time that a correct response to a specific ISI was followed by an incorrect response to the next shortest
ISI). Two consecutive incorrect responses at an ISI of 800-ms or two consecutive correct responses at 10-ms
terminated testing. Once the threshold for 150-ms tones was determined, the procedure was repeated using 75-, 40-,
and 20-ms tones.

3.2.2. Simple reaction time (SRT) task

The SRT task, developed by Miller et al. (2001), is a nonverbal speeded task intended to place minimal demands on
cognitive processing, putatively reflecting basic speed of central nervous system functioning (Montgomery &
Windsor, 2007). In this task, the child was required to strike a single key in response to a signal as quickly as possible.

! Although past research also included ISIs of 0- and 5-ms, E-Prime Beta 4.0 was unreliable at these intervals.
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First, the word ‘“Ready’” appeared on the screen. Then, after a delay interval of either 1-, 2- or 5-s, randomly presented,
three asterisks appeared and the child pressed a blue key. Participants were instructed to respond as quickly as possible,
but without striking the key before the signal appeared. Six practice trials and 24 test trials (8 at each delay) were
presented.

3.2.3. Visual search (VS) task

The VS task is a nonverbal speeded task that requires more complex non-linguistic processing than the SRT task. It
is commonly used in the cognitive development literature (see Kail, 1991) and has been used to evaluate processing
speed in children with SLI (Leonard et al., 2007; Miller et al., 2001). The stimuli consisted of six simple, non-
representational line drawings. First, the child was presented with a target figure in the upper left hand corner of the
screen. Next, five figures appeared in a row to the right of the target. The child then scanned the five figures from left to
right and responded by key press whether or not the target was present in the array. If one of the five forms matched the
reference form, the child pressed the green key. If no match was found, the child pressed the red key. Participants were
instructed to respond as quickly as they could without making a mistake. Six practice trials and 36 test trials (six trials
for each of the six conditions) were presented. The conditions reflected each of the five possible positions of the target
in the array and the absence of the target.

3.3. Analysis

Prior to statistical analysis, invalid trials were removed from the SRT and VS Task response sets. Invalid trials were
responses deemed to be too short to be valid (i.e., <300-ms for SRT, <500-ms to VS; based on inspection of group
means and SDs in prior investigations of school-aged children on these tasks) or excessively long (i.e., 3 SD above the
child’s own mean). To identify outliers, RT means and SDs for each child were calculated for the SRT Task as a whole
and within each of the six conditions for the VS Task, and individual responses greater than 3 SD above the child’s own
mean were removed (Osborne & Overbay, 2004). Error trials (e.g., indicating the target was absent when it was
present) were also removed from the VS Task response set.

Repeated measure ANOVAs (with group as the between-participants factor and condition as the within-participants
factor) were used to examine the (a) ART number of trials and temporal thresholds at each of four tone durations, (b)
SRT task reaction times (RT) at each of three stimulus delays, and (c) VS task RTs for each of six target positions.
Where Mauchly’s test of the sphericity assumption was significant, the Greenhouse and Geisser adjustment was used
to test the within-participants effects. The remaining group comparisons were conducted using univariate ANOVAs.
Post hoc comparisons were conducted for significant between-subjects effects using Tukey HSD and for significant
within-subjects effects using Bonferroni.

4. Results
4.1. Experimental measures

4.1.1. Auditory repetition task (ART)

Children with SLI required significantly more trials to learn the tone-button associations (Phase One training) than
children with TD (see Table 2). Two children with SLI did not successfully complete the Phase Two training despite
continued feedback and coaching. Therefore, their data were excluded from subsequent analyses of the ART task. The
remaining children with SLI required more Phase Two training trials in order to learn to press the buttons in response to
two-tone sequences than children with TD. For total test trials required to reach threshold, there were no significant
effects or interactions.

Analysis of ART thresholds across the four tone duration conditions revealed significant main effects of group,
F(2,51)=8.7, p = .001, n* = 0.26, and tone duration, F(1.9,98.2) = 12.1, p = .000, n* = 0.19, but no significant group
by duration interaction, F'(3.8,98.2) = 1.3, p = .277, 772 = 0.05. Both children with SLI and children with ADHD had
significantly longer temporal thresholds on the ART than children with TD, and did not differ from one another. In
other words, the groups with SLI and ADHD required significantly longer gaps between the two tones in order to
successfully process and recreate the sequences. For all children, the mean threshold for the 150-ms tone duration
condition was significantly shorter than those for the 75-, 40- and 20-ms conditions, which did not differ significantly.
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Table 2
Performances of children with SLI, ADHD and TD on experimental measures.

Group 1 SLI Group 2 ADHD Group 3 TD daf F p n> Post hoc
Auditory Repetition Test (ART)
No. phase one practice trials 27 (23) 23 (28) 12 (3) 2,53 34 .040 A1 1>3
No. Phase Two practice trials® 24 (18) 21 (13) 15 (6) 2,51 3.4 .040 12 1>3
No. trials® 40 (23) 38 (25) 35 (20) 2,51 4 668 .02 n/a
Threshold (in ms)® 351 (365) 420 (334) 92 (156) 2,51 8.7 .001 .26 1,2>3
Simple reaction time (SRT) task
Percent invalid trials 3(5 6 (8) 13 2,53 3.2 .047 1 2>3
RT (in ms) 689 (117) 841 (176) 614 (125) 2,53 12.6 <.001 32 2>1>3
Visual search (VS) task
Percent invalid trials 0 (0) 10 (16) 3(12) 2,53 2.8 .068 .09 n/a
Percent errors 6 (5) 8 (10) 6 (7) 2,53 1.1 352 .04 n/a
RT (in ms) 1884 (320) 2036 (436) 1620 (388) 2,53 6.2 .005 .19 2>3

a

n =12 for group with SLI due to exclusion of two participants who could not complete Phase Two training.

4.1.2. Simple reaction time (SRT) task

The children with ADHD had significantly more invalid responses than the children with TD. Group comparison of
RTs across the three conditions revealed significant main effects for group, F(2,53) = 12.6, p = .000, n2 =0.32, and
delay, F(1.7,90) = 12.5, p = .000, 772 = (.19, but no significant interaction between group and delay, F(3.4,90) = 1.1,
p =371, n” = 0.04. Both the children with SLI and the children with ADHD showed significantly slower RTs than
children with TD on the SRT. Moreover, the group with ADHD was slower than the group with SLI. Across the groups,
responses were slower for the 1-s delay condition than the 2- or 5-s delay conditions, which did not differ.

4.1.3. Visual search (VS) task

The groups did not differ significantly in number of invalid or error responses. Analysis of the RTs of the groups
across the six position conditions revealed significant main effects of group F(2,53) = 6.18, p = .004, n* = 0.19, and
position F(4.1,215) =78.2, p < .001, r;2 = (.60, but no significant interaction, F'(8.1,90) = 1.3, p =.252, 772 =0.05.
Children with ADHD were significantly slower than children with TD on this task. For all children, RTs slowed
progressively as the distance between the sample and target figures increased, with the longest responses seen when the
target was absent. The RTs for many of the positions differed significantly in this regard, although there was no
significant difference between RTs to targets that were in the first and second position, second and third position, or last
position and absent.

4.2. Individual performances

Group comparisons provide some information about the extent to which processes are or are not dysfunctional in
SLI and ADHD. However, they do not provide information about individual performances within each task or about
the ability of each experimental measure to differentiate children with and without SLI, or with and without ADHD. To
explore individual performances, normative information was estimated using data from the children with TD. Because
performances on the experimental variables change with age, means and SDs were obtained for younger (6-9-year
olds; n = 15) and older subgroups (10—11-year olds; n = 13) of the children with TD. A conservative cutoff point of 2
SD above the mean (i.e., indicating well below average performance) was determined and the performance of each
participant with SLI or ADHD was compared to this normative value. Each TD child’s mean score was removed from
the TD group means and SDs to which that child was compared. This allowed for an unconfounded determination of
whether the child’s score was more than 2 SDs below the mean of other children in the group with TD.

On the ART, a large proportion of the children with SLI (nine out of fourteen, including two who could not complete
training) and half of the children with ADHD (seven out of fourteen) were identified as having significant impairments
in RTP (see Fig. 1). Four of the 28 children with TD performed below expectations on this task. Only one child with
SLI and two children with TD had slowed speed on the SRT task, in contrast to almost half (six) of the children with
ADHD. Individual performances on the VS task were less discrepant across the groups, with no large portion of
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Fig. 1. Percentage of children with SLI, ADHD and TD who demonstrated impaired performance (at least 2 SD below the mean) on experimental
measures.

children in any group showing significantly slowed speed on this task (one child with SLI, three with ADHD, four with
TD).

5. Discussion

We have argued that, prior to considering processing dysfunctions as contributors to impaired language
development and markers of SLI, it was important to determine whether these dysfunctions were indeed unique to
children with linguistic impairments. Through minimizing the possible confounding influence of ADHD in a sample
of children with SLI, and exploring these processes in children with ADHD who did not have SLI, we have unveiled
new questions about the uniqueness of processing dysfunctions to SLI. In line with current theories of SLI, we
predicted that children with SLI who did not have ADHD, but not children with ADHD who did not have SLI, would
show slowed processing speed and dysfunctional RTP relative to children with TD. Although our results did provide
clear evidence for the presence of impaired RTP in a substantial portion of children with SLI (64%), we also identified
RTP impairments in a large portion of children with ADHD (50%), as well as in a few children with TD (14%).
Performances of the three groups of children on speed of processing tasks followed a different pattern. Contrary to
predictions, it was the group with ADHD, not the group with SLI, that demonstrated the greatest degree of slowing and
had the highest proportion of individual children with significant slowing on nonverbal timed tasks. Children with SLI
were slower as a group than their peers with typical development on the simpler of the two speeded tasks, but they
remained significantly faster than children with ADHD, and only one child with SLI demonstrated well below average
speed on this task. Moreover, the children with SLI were not significantly slower than children with TD on the more
complex speeded task. Overall, we failed to provide evidence that RTP dysfunctions and slowed speed of processing
are specifically linked to language impairments, and raised questions about the suitability of some of the traditional
psycho-behavioural tasks that have been used to estimate processing dysfunctions in the literature to date.

5.1. The contribution of rapid temporal processing dysfunction to SLI

Although a number of prior studies have provided evidence that RTP dysfunctions are present in SLI (e.g., Tallal &
Piercy, 1973a, 1973b; Tallal, Stark, Kallman, & Mellits, 1981; Tallal, Miller, & Fitch, 1993), our study was the first to
explicitly minimize the possible confounding influence of ADHD in a sample of children with SLI. This
methodological feature is key because it has been suggested that co-occurring attention problems may have influenced
past findings of poor RTP task performances in children with SLI (Bishop et al., 1999; McArthur & Bishop, 2001). The
current findings suggested that co-occurring ADHD does not specifically account for the poor RTP performances of
children with SLI, because significant RTP impairments were evident in many children with SLI who did not have
ADHD. This finding in isolation would suggest that poor RTP in children with SLI may indeed be linked to their
impaired language functioning. However, our findings also indicated that it is certainly possible for the presence of
ADHD to be associated with impaired performance on RTP tasks. We found impaired Auditory Repetition Test
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performance in a significant portion of children with ADHD, suggesting that RTP dysfunctions may also be evident in
at least a subgroup of children with ADHD, even when they do not have core linguistic impairments. Under this
interpretation, the role of RTP dysfunctions as a marker of SLI, or at the very least, the face validity of traditional
behavioural measures of RTP, appears questionable. Future research directly comparing larger groups of children with
SLI and ADHD on multiple measures of rapid temporal processing may provide further clarification of the uniqueness
of RTP dysfunctions to SLI, their potential role in ADHD, and the validity of paradigms like the Auditory Repetition
Test. Indeed, recent advances in the use of magnetoencephalography (MEG) and electroencephalography (EEG),
which allow for the use of passive (and, arguably, pre-attentive) paradigms, have begun to prove particularly
informative in this regard (Bishop & McArthur, 2004, 2005; McArthur & Bishop, 2004, 2005, Oram Cardy, Flagg,
Brian, Roberts, & Roberts, 2005; Oram Cardy, Flagg, Roberts, & Roberts, 2008). In particular, several studies have
provided evidence for atypical neural responses to auditory RTP stimuli in children and adolescents with language
impairments using passive event-related potential and MEG paradigms in which the children are not required to
respond (Bishop & McArthur, 2004; McArthur & Bishop, 2005; Oram Cardy et al., 2005). Neural investigations of
RTP in children with ADHD have not yet been conducted, but would clearly be valuable.

5.2. The contribution of slowed speed of processing to SLI

Numerous studies have suggested that children with SLI are slowed in their speed of processing (see Leonard et al.,
2007; Montgomery & Windsor, 2007), but it has not been clear whether ADHD has played a role in these findings, and
the extent to which slowed speed of processing is linked with linguistic impairments, as opposed to other forms of
impairments. In the present study, the children with ADHD were in fact significantly slower than children with SLI and
TD on the SRT task, and slower than the children with TD on the VS task. It might be argued then, that past findings of
slowed processing speed in SLI have been confounded by co-occurring ADHD in the samples, and that it may be
principally children with ADHD, not children with SLI, who have slowed processing speed. By extension, it is
possible that slowed processing speed does not make a significant or direct contribution to impaired language
development.

Although longer RTs are intuitively suggestive of slowed processing speed, an alternate interpretation is also
plausible. Longer response times on timed tasks might be secondary to higher individual response variability in some
children (Leth-Steensen, Elbaz, & Douglas, 2000). Children with intact internal processing speeds whose responding
is intermittently delayed due to some other dysfunction (e.g., altered attention, decreased arousal, impaired timing
estimation) can present with not only longer mean RTs for the entire task but also higher individual variability in
response speed throughout the task (Castellanos & Tannock, 2002; Johnson et al., 2007; Williams, Strauss, Hultsch,
Hunter, & Tannock, 2007). The pattern of group SDs on the speeded tasks could support this interpretation; the
children with ADHD had the highest SDs in both the SRT and VS tasks. It is possible that the higher group mean SDs
reflect extreme trial-to-trial variability in the response speed of individual children with ADHD, that is, children in the
group with ADHD had high intra-individual SDs, leading to overall longer reaction times and higher group mean SDs.
In the event that this interpretation is correct, it raises the possibility that speed of processing tasks are limited in their
ability to provide a true index of the speed at which the actual processes of interest occur in children with ADHD.
Instead, they may represent the outcome of interference with this processing by other dysfunctions that may lie at the
heart of this disorder. It is important to note that it is equally plausible that a higher group mean SD merely reflects a
wide variation of response speeds across children with ADHD (i.e., high inter-individual variability). Specific
calculation of intra-individual variation in speed of responding on reaction time tasks by individual children would be
required to tease this out, which is beyond the scope of the current paper. However, it is an important issue for future
consideration when discussing slowed processing speed in children with different disorders.

5.3. Insights from ADHD

Had the current investigation been completed using the traditional comparison groups of solely children with SLI
and children with typical development, the conclusions would be notably different. The data would have been taken to
provide evidence in support of both slowed processing speed and dysfunctional RTP in children with SLI. Together,
these data may have been used to support the proposal that poor RTP performances merely exemplify a broader rate-
limiting mechanism in SLI, rather than a dysfunction restricted to the processing of rapid transitions in sensory input
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(Montgomery & Windsor, 2007). The poor performances of the children with SLI across these measures would
continue to be linked with their language impairments, and future research using similar paradigms would be
supported.

Considered in concert with the performances of the group with ADHD, however, the responses of the groups with
SLI and TD point to different conclusions. Although the impairments of the children with SLI and ADHD appeared
relatively similar in the realm of RTP, their abilities measured by the speed of processing tasks were more divergent,
with the children with ADHD demonstrating more obvious slowing. These findings raise the possibility that poor
performance on the Auditory Repetition Test may have resulted from different origins in the children with SLI than in
the children with ADHD. For example, if slower mean RTs on the processing speed tasks for the children with ADHD
indeed reflect extreme individual response variability, it is possible that the poor ART performances in this group
reflect the very same interference. In this case, longer thresholds on the ART may not reflect impaired RTP in children
with ADHD, which may in fact be intact in this group. By contrast, longer thresholds in the children with SLI may truly
represent a dysfunctional ability to process rapid transitions. This conclusion is partly supported by recent evidence for
atypical neural RTP responses in children and adolescents with language impairments using passive paradigms
(Bishop & McArthur, 2004; McArthur & Bishop, 2005; Oram Cardy et al., 2005). These paradigms have yet to be
applied to children with ADHD who do not have language impairments. However children with Asperger Syndrome,
who fall on the autism spectrum but do not have core linguistic impairments, demonstrated intact RTP on a passive
MEG task (Oram Cardy et al., 2005), supporting the potential of such paradigms to differentiate children with and
without language impairments across different developmental and behavioural disorders.

Slowed processing speed in the children with SLI, while present on a simple RT task putatively representing the
speed of basic CNS functioning (Montgomery & Windsor, 2007), did not appear to be a particularly striking
impairment in individual children with SLI. With only 7% of these children showing a large degree of slowing (more
than 2 SD slower than the mean), this did not appear to be as extensive an impairment in SLI as evident on the RTP
task, where 64% of children with SLI were well below the mean. The possibility of this form of slowed processing
being linked to impaired language development seems less certain, particularly in the face of more dramatic evidence
for slowing in the group with ADHD but no linguistic impairments. However, the same argument applied to the RTP
data should be considered here; it is possible that the slowing seen in the children with SLI was more reflective of a
fundamentally slowed internal processing speed whereas the slowing in the children with ADHD was secondary to
inconsistent control of attention or arousal.

Alternatively, it is also possible that the degree of slowing seen in the children with SLI on the SRT task, which was
slower than children with TD but faster than children with ADHD, may be related to the same mechanism as suggested
for the group with ADHD, but to a lesser extent. Although no child with SLI met criterion for diagnosis of ADHD,
slightly elevated ratings relative to controls were evident on some of the behaviour rating scales, particularly on the
scales reflecting the inattention symptom cluster. This pattern has been noted in other studies of children with SLI
(e.g., Redmond, 2004). As discussed in further detail below, it is possible that the ratings reflect genuine but subclinical
levels of inattention in the children with SLI, and that this slight inattention impacted speeded task performance. The
reaction time SD for the group with SLI does not appear to support this conclusion, but more specific examination of
the role of intra-individual response variability in SLI and ADHD is certainly warranted.

5.4. Language and behaviour in SLI and ADHD

Given the hypotheses set out for this study, specific attention was directed toward excluding the co-occurrence of
ADHD and SLI in each of our clinical groups. By definition, no child with SLI had a community diagnosis of ADHD
or met our criteria for ADHD on behaviour rating scales, and no child with ADHD had a community diagnosis of SLI
or performed below average on the CELF-3. Despite these efforts, there were indications that certain aspects of
language and behavioural functioning may be subtly affected in children with ADHD and SLI, respectively. The
children with ADHD had significantly lower (albeit average) receptive language skills than children with TD, and the
children with SLI had significantly higher (albeit average) ratings on some of the behaviour scales, principally those
centered on inattention.

One possible account for these findings is that language and behaviour overlap in SLI and ADHD reflects
limitations of the diagnostic measures used for their identification. In examining individual items on the ADHD-
associated scales of the CPRS-R and CTRS-R, it might be argued that certain behaviours could be attributable to
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receptive language impairment rather than primary problems with focus and cognitive effort in some children
(Redmond, 2002). It does not seem unusual that parents or teachers would observe that a child with receptive language
problems ““gets distracted when given instructions to do something” or “does not seem to listen to what is being said to
him/her.” Indeed, Redmond (2002) recommended that behaviour ratings of a child with SLI should be considered in
light of the child’s linguistic proficiency, particularly when there is disagreement among informants and the child’s
reported behaviour problems are restricted to the attention realm. Similarly, ADHD-associated behaviours may exert a
subclinical influence on standardized language test performances, which has been reported elsewhere. Oram et al.
(1999) found performance patterns that may have been affected by impulsive responding on a sentence formulation
task in children with ADHD who did not have SLI. Cohen et al. (2000) identified that the presence of ADHD, in
addition to language impairment, was related to performance on a sentence repetition task.

It is also possible that similarities in language and behaviour in children with SLI and children with ADHD reflect
true overlap in certain features of these disorders. Some behaviours commonly associated with ADHD may be subtly
evident in children with SLI, even when they do not met full diagnostic criteria for ADHD. Conversely, slight language
difficulties may be evident in children with ADHD, even when they do not meet full criteria for SLI. For example,
children who grow up with poor language comprehension skills may develop a tendency to disengage their attention or
be more easily distracted, even when encountering oral language that is within their capabilities. By the same token,
similarities in certain ADHD behaviours and language skills may also reflect subtle and specific, but genuine, language
limitations that form part of the ADHD profile (Oram et al., 1999; Westby & Cutler, 1994). These limitations may be
less pervasive or severe than the fundamental linguistic impairments seen in children with SLI. Instead, such
difficulties may be related to areas of possible dysfunction in ADHD such as executive control (i.e., organization, self-
monitoring) or inhibition. That is, the presence of ADHD may disrupt communication in certain, specific ways. For
example, poor organization may lead to specific weakness in the production of longer stretches of language such as
narrative discourse. Impulsivity may result in pragmatic impairments such as poor turn taking in conversation. In
considering our findings, it is important to acknowledge that there may indeed be greater overlap in linguistic and
attentional abilities between children with SLI and ADHD than the diagnostic definitions of these disorders may
suggest.

Recent work by Hale et al. (2009) raises a different but provocative interpretation of overlap across our groups with
SLI and ADHD in some clinical and processing measures. Through investigations of lateralized brain function in
individuals with ADHD, Hale and colleagues have amassed empirical support for a dynamic right hemisphere/
interhemispheric dysfunction in ADHD. Importantly, the evidence points to right hemisphere (RH) biased processing
in ADHD that diminishes left hemisphere (LH) function, putatively resulting in subclinical or state-dependent
language impairments. This model points to the possibility that the overlap between ADHD and SLI is reflective of
shared underactivation of left hemisphere (LH), language-related functions that has different underlying origins (i.e.,
abnormal and variable balance of RH/LH use in ADHD versus continuously impaired LH function in SLI). Under this
model, we might very well expect to see shared dysfunctions on SLI “marker’ processes across both disorders, but
variability in the degree and expression of language-related impairments in ADHD. The current investigation cannot
directly test this model, but its compatibility with our findings highlights the importance of future consideration of this
model as it relates to overlap between SLI and ADHD.

5.5. Caveats

An alternative interpretation of group differences in this study is that lowered cognitive ability contributed to the
poorer performances of the children with SLI or ADHD relative to the children with TD. All children with SLI and
ADHD had a nonverbal 1Q of at least 80, and it is unlikely that any of the children with TD had an IQ that was below
average, because they had no developmental or school problems and performed within age expectations on language
and behaviour measures. Although we made efforts to avoid recruiting children with above average abilities by asking
teachers to refer children who were meeting but not exceeding classroom expectations, we did not have access to 1Q
scores for the TD group to rule out the possibility that some of these children had above average 1Q. Therefore, it is
possible that the group with TD had higher nonverbal IQ than at least the group with SLI, if not also the group with
ADHD, and that this contributed to group differences on the tasks. Low average nonverbal 1Q is a frequently observed
characteristic of children with SLI and may be related to their language impairment (Plante, 1998). Nonverbal IQ tests
like the WISC-III Performance scale have some verbal contamination to which children with SLI may be especially
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vulnerable (Krassowski & Plante, 1997). Also, children with SLI who are not globally impaired in cognition
nevertheless perform poorly relative to children without SLI on certain nonverbal tasks (see Leonard, 1998 for a
review). Even if the groups in this study did show subtle nonverbal IQ differences, it is possible that controlling for this
difference statistically would have the unwanted effect of controlling for a portion of the language disorder.
Nonetheless, the association of nonverbal cognitive ability with processing skills in children with SLI and ADHD
requires further consideration.

6. Conclusion

We have argued that exploring the uniqueness of processing dysfunctions to SLI by examining the influence of
other disorders like ADHD is an important precursor to considering causality and viewing a dysfunction as a
marker of SLI. The current investigation has demonstrated the value of this approach. Our results strongly
supported the need to further scrutinize accounts of SLI through expanded examination of these processes in
ADHD as well as other disorders. At a broader scientific level, future investigations into candidate markers of any
disorder need to be subjected to similar considerations. For example, interest has increased in the literature in
assessing the predictive accuracy of potential markers of disorders using sensitivity and specificity calculations or
likelihood ratios (Conti-Ramsden et al., 2001; Dollaghan & Campbell, 1998). Current findings highlight the need to
cast a wider net in making such estimations; specificity analyses (e.g., the probability of children without language
impairment being accurately classified as unimpaired) should not be restricted to children who have no
developmental or behaviour problems but rather should include all children without language impairment,
irrespective of other areas of non-linguistic or behavioural impairment. It is only then that the true promise of
proposed phenotypic markers of SLI can be assessed.
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Appendix A. Continuing education

1. The inclusion of a group of children with ADHD in this study was predominantly motivated by which of the
following concerns about the Rapid Temporal Processing (RTP) account of Specific Language Impairment (SLI)?
a. Some studies have failed to find differences between children with SLI and children with typical language
development in RTP.
b. RTP paradigms place demands on higher level processes in addition to RTP.
c. Some studies have found that processing impairments are not specific to input that is rapid.
d. Some authors have argued that RTP impairments are not causally linked to phonological processing problems.
2. Previous research has suggested that children with ADHD have a slowed processing speed (T/F).
3. Analysis of the children’s temporal thresholds on the Auditory Repetition Test in the present study revealed
impaired RTP in
a. the groups with ADHD and SLI relative to the group with typical development,
b. significantly more children with ADHD than children with SLI,
c. none of children with typical development,
d. a substantial proportion of children across all three groups.
4. The authors suggested that higher group standard deviations in reaction times in the children with ADHD relative to
the other groups may have resulted from:
a. extreme variability in response speed,
b. globally slowed processing speed,
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c. rapid temporal processing deficits,
d. receptive language impairments.
5. Paradigms are available in which RTP is measured without active responding from children (T/F).

References

American Psychiatric Association. (2000). Diagnostic and statistical manual of mental disorders (4th ed.). Washington, DC: Author. (text revision).

Baker, L., & Cantwell, D. P. (1991). Psychiatric and developmental disorders in children with communication disorder. Washington, DC: American
Psychiatric Association.

Beitchman, J. H., Hood, J., Rochon, J., & Peterson, M. (1989). Empirical classification of speech/language impairment in children. II. Behavioral
characteristics. Journal of the American Academy of Child and Adolescent Psychiatry, 28, 118-123.

Benasich, A. A., Thomas, J. J., Choudhury, N., & Leppanen, P. H. T. (2001). The importance of rapid auditory processing abilities to early language
development: Evidence from converging methodologies. Developmental Psychobiology, 40, 278-292.

Bishop, D. V.M., 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. M., & McArthur, G. M. (2004). Immature cortical responses to auditory stimuli in specific language impairment: Evidence from ERPs
to rapid tone sequences. Developmental Science, 7, F11-F18.

Bishop, D. V. M., & McArthur, G. M. (2005). Individual differences in auditory processing in specific language impairment: A follow-up study using
event-related potentials and behavioral thresholds. Cortex, 41, 327-341.

Brown, R. T., Freeman, W. S., Perrin, J. M., Stein, M. T., Amler, R. W., Feldman, H. M, et al. (2001). Prevalence and assessment of attention-deficit/
hyperactivity disorder in primary care settings. Pediatrics, 107, e43.

Carte, E. T., Nigg, J. T., & Hinshaw, S. P. (1996). Neuropsychological functioning, motor speed, and language processing in boys with and without
ADHD. Journal of Abnormal Child Psychology, 24, 481-498.

Castellanos, F. X., & Tannock, R. (2002). Neuroscience of attention-deficit/hyperactivity disorder: The search for endophenotypes. Nature Reviews
Neuroscience, 3, 617-628.

Cohen, N. J,, Davine, M., Horodezky, N., Lipsett, L., & Isaacson, L. (1993). Unsuspected language impairment in psychiatrically disturbed
children: Prevalence and language and behavioral characteristics. Journal of the American Academy of Child and Adolescent Psychiatry, 32,
595-603.

Cohen, N. J., Vallance, D. D., Barwick, M., Im, N., Menna, R., Horodezky, N. B., et al. (2000). The interface between ADHD and language
impairment: An examination of language, achievement, and cognitive processing. Journal of Child Psychology and Psychiatry, 41, 353-362.

Conners, C. K. (1997). Conners’ Rating Scales — Revised; technical manual. North Tonawanda, NY: Multi-Health Systems.

Conners, C. K. (1999). Clinical use of rating scales in diagnosis and treatment of attention-deficit/hyperactivity disorder. Pediatric Clinics of North
America, 46, 857-870.

Conners, C. K., Sitarenios, G., Parker, J. D. A., & Epstein, J. N. (1998a). The Revised Conners’ Parent Rating Scale (CPRS-R): Factor structure,
reliability and criterion validity. Journal of Abnormal Child Psychology, 26, 257-268.

Conners, C. K., Sitarenios, G., Parker, J. D. A., & Epstein, J. N. (1998b). Revision and restandardization of the Conners Teacher Rating Scale (CTRS-
R): Factor structure, reliability and criterion validity. Journal of Abnormal Child Psychology, 26, 279-291.

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

Dollaghan, C., & Campbell, T. F. (1998). Nonword repetition and child language impairment. Journal of Speech, Language, and Hearing Research,
41, 1136-1146.

E-Prime Beta 4.0. (1999). Computer software. Pittsburgh, PA: Psychology Software Tools.

Farmer, M. E., & Klein, R. M. (1995). The evidence for a temporal processing deficit linked to dyslexia: A review. Psychonomic Bulletin and Review,
2, 460-493.

Habib, M. (2000). The neurobiological basis of developmental dyslexia: An overview and working hypothesis. Brain, 123, 2373-2399.

Hale, T. S., Loo, S. K., Zaidel, E., Hanada, G., Macion, J., & Smalley, S. L. (2009). Rethinking a right hemisphere deficit in ADHD. Journal of
Attention Disorders, 13, 3—17.

Heltzer, J. R., Champlin, C. A., & Gillam, R. B. (1996). Auditory temporal resolution in specifically language-impaired and age-matched children.
Perceptual and Motor Skills, 3, 1171-1181.

Joanisse, M. F., & Seidenberg, M. S. (1998). Specific language impairment: A deficit in grammar or processing? Trends in Cognitive Sciences, 2,
240-247.

Johnson, K. A., Kelly, S. P, Bellgrove, M. A., Barry, E., Cox, M., Gill, M., et al. (2007). Response variability in attention deficit hyperactivity
disorder: Evidence for neuropsychological heterogeneity. Neuropsychologia, 45, 630-638.

Kail, R. (1991). Developmental change in speed of processing during childhood and adolescence. Psychological Bulletin, 109, 490-501.

Kail, R. (1994). A method for studying the generalized slowing hypothesis in children with specific language impairment. Journal of Speech and
Hearing Research, 37, 418—421.

Krassowski, E., & Plante, E. (1997). IQ variability in children with SLI: Implications for use of cognitive referencing in determining SLI. Journal of
Communication Disorders, 30, 1-9.

Kunsti, J., & Stevenson, J. (2001). Hyperactivity in children: A focus on genetic research and psychological theories. Clinical Child & Family
Psychology Review, 3, 1-23.



90 J.E. Oram Cardy et al./Journal of Communication Disorders 43 (2010) 77-91

Lahey, M., Edwards, J., & Munson, E. (2001). Is processing speed related to severity of language impairment? Journal of Speech, Language, and
Hearing Research, 44, 1354-1361.

Lee, C.J., & Miller, L. T. (1995). Measuring reaction time without measuring movement time: A modification of the Hormann & Allen millisecond
timer for the Commodore 128. Behavior Research Methods, Instruments, & Computers, 27, 83-87.

Leonard, L. B. (1998). Children with specific language impairment. Cambridge, MA: MIT Press.

Leonard, L. B., Ellis Weismer, S., Miller, C. A., Francis, D. J., Tomblin, J. B., & Kail, R. V. (2007). Speed of processing, working memory, and
language impairment in children. Journal of Speech, Language, and Hearing Research, 50, 408—428.

Leth-Steensen, C., Elbaz, Z. K., & Douglas, V. I. (2000). Mean response times, variability and skew in responding of ADHD children: A response
time distributional approach. Acta Psychologica, 104(2), 167-190.

Ludlow, C. L., Cudahy, E. A., Bassich, C., & Brown, G. L. (1983). Auditory processing skills of hyperactive, language-impaired, and reading-
disabled boys. In E. Z. Lasky & J. Katz (Eds.), Central auditory processing disorders: Problems of speech, language, and learning (pp. 163—
184). Baltimore: University Press.

McArthur, G. M., & Bishop, D. V. M. (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. (2004). Which people with specific language impairment have auditory processing deficits? Cognitive
Neuroscience, 21(1), 79-94.

McArthur, G. M., & Bishop, D. V. M. (2005). Speech and non-speech processing in people with specific language impairment: A behavioral and
electrophysiological study. Brain and Language, 94, 260-273.

Merzenich, M. M., Jenkins, W. M., Johnston, P., Schreiner, C., Miller, S., & Tallal, P. (1996). Temporal processing deficits in language-learning
impaired children ameliorated by training. Science, 271, 77-81.

Miller, S. L., Jenkins, W. M., Merzenich, M. M., & Tallal, P. (1995). Modification of auditory temporal processing thresholds in language impaired
children. Poster presented at the Cognitive Neuroscience Society.

Miller, C. A., Kail, R., Leonard, L., & Tomblin, J. B. (2001). Speed of processing in children with specific language impairment. Journal of Speech,
Language, and Hearing Research, 44(2), 416-433.

Montgomery, J. (2005). Effects of input rate and age on the real-time language processing of children with specific language impairment.
International Journal of Language and Communication Disorders, 1, 177-188.

Montgomery, J. W., & Windsor, J. (2007). Examining the language performances of children with and without Specific Language Impairment:
Contributions of phonological short-term memory and speed of processing. Journal of Speech, Language, and Hearing Research, 50, 778—
797.

Oram, J., Fine, J., Okamoto, C., & Tannock, R. (1999). Assessing the language of children with attention deficit hyperactivity disorder. American
Journal of Speech-Language Pathology, 8, 72-80.

Oram Cardy, J. E., Flagg, E. J., Brian, J., Roberts, W., & Roberts, T. P. L. (2005). Magnetoencephalography identifies rapid temporal processing
deficit in autism and language impairment. Neuroreport, 16, 329-332.

Oram Cardy, J. E., Flagg, E. J., Roberts, W., & Roberts, T. P. L. (2008). Auditory evoked fields predict language ability and impairment in children.
International Journal of Psychophysiology, 68, 170-175.

Osborne, J. W., & Overbay, A. (2004). The power of outliers (and why researchers should always check for them). Practical Assessment, Research &
Evaluation 9(6) http://PAREonline.net/getvn.asp ?v=9&n=6. Retrieved 18.03.09..

Plante, E. (1998). Criteria for SLI: The Stark and Tallal legacy and beyond. Journal of Speech, Language, and Hearing Research, 41, 951-957.

Polanczyk, G., & Jensen, P. (2008). Epidemiological considerations in attention deficit hyperactivity disorder: A review and update. Child and
Adolescent Psychiatric Clinics of North America, 17(2), 245-260.

Redmond, S. M. (2002). The use of rating scales with children who have language impairments. American Journal of Speech-Language Pathology,
11, 124-138.

Redmond, S. M. (2004). Conversational profiles of children with ADHD, SLI and typical development. Clinical Linguistic and Phonetics, 18, 107—
125.

Rosen, S. (1999). Language disorders: A problem with auditory processing? Current Biology, 9, R698-R700.

Scheres, A., Oosterlaan, J., & Seregeant, J. A. (2001). Response execution and inhibition in children with AD/HD and other disruptive disorders: The
role of behavioral activation. Journal of Child Psychology & Psychiatry & Allied Disciplines, 42, 347-357.

Semel, E., Wiig, E. H., & Secord, W. (1995). Clinical evaluation of language fundamentals (3rd ed.). New York: The Psychological Corporation.

Tallal, P. (2000). Experimental studies of language learning impairments: From research to remediation. In D. V. M. Bishop & L. B. Leonard (Eds.),
Speech and language impairments in children: Causes, characteristics, intervention, and outcomes (pp. 131-155). Philadelphia, PA: Taylor &
Francis Group.

Tallal, P.,, Miller, S., Bedi, G., Byma, G., Wang, X., & Nagarajan, S. S. (1996). Language comprehension in language-learning impaired children
improved with acoustically modified speech. Science, 271, 81-84.

Tallal, P., Miller, S., & Fitch, R. H. (1993). Neurobiological basis of speech: A case for the preeminence of temporal processing. In P. Tallal, A. M.
Galaburda, R. R. Llinds, & C. von Euler (Eds.), Temporal information processing in the nervous system: Special reference to dyslexia and
dysphasia (pp. 27-47). New York, NY: New York Academy of Sciences.

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 non-verbal processing as a function of sensory modality. Neuropsycho-
logia, 11, 389-398.

Tallal, P, Stark, R. E., Kallman, C., & Mellits, D. (1981). A reexamination of some nonverbal perceptual abilities of language-impaired and normal
children as a function of age and sensory modality. Journal of Speech & Hearing Research, 24, 351-357.

Wechsler, D. (1991). Wechsler intelligence scale for children (3rd ed). Toronto, ON: The Psychological Corporation.


http://pareonline.net/getvn.asp%3Fv=9%26n=6

J.E. Oram Cardy et al./Journal of Communication Disorders 43 (2010) 77-91 91

Weiler, M. D., Holmes Bernstein, J., Bellinger, D. C., & Waber, P. (2000). Processing speech in children with attention deficit/hyperactivity disorder,
inattentive type. Child Neuropsychology, 6, 218-234.

Westby, C. E., & Cutler, S. K. (1994). Language and ADHD: Understanding the bases and treatment of self-regulatory deficits. Topics in Language
Disorders, 14(4), 58-76.

Williams, B. R., Strauss, E. H., Hultsch, D. F.,, Hunter, M. A., & Tannock, R. (2007). Reaction time performance in adolescents with attention deficit/
hyperactivity disorder: Evidence of inconsistency in the fast and slow portions of the RT distribution. Journal of Clinical and Experimental
Neuropsychology, 29, 277-289.

Windsor, J., & Hwang, M. (1999). Testing the generalized slowing hypothesis in specific language impairment. Journal of Speech, Language, and
Hearing Research, 42, 1205-1218.

Windsor, J., Milbrath, R. L., Carney, E. J., & Rakowski, S. E. (2001). General slowing in language impairment: Methodological considerations in
testing the hypothesis. Journal of Speech, Language, and Hearing Research, 44, 446-461.



	The contribution of processing impairments to SLI: �Insights from attention-deficit/hyperactivity disorder
	Processing dysfunctions in SLI
	The role of ADHD
	Method
	Participants
	Language impairment status
	ADHD status

	Experimental procedures and measures
	Auditory repetition test (ART)
	Simple reaction time (SRT) task
	Visual search (VS) task

	Analysis

	Results
	Experimental measures
	Auditory repetition task (ART)
	Simple reaction time (SRT) task
	Visual search (VS) task

	Individual performances

	Discussion
	The contribution of rapid temporal processing dysfunction to SLI
	The contribution of slowed speed of processing to SLI
	Insights from ADHD
	Language and behaviour in SLI and ADHD
	Caveats

	Conclusion
	Acknowledgments
	Continuing education
	References


