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Children with specific language impairment (SLI) and dyslexia have phonological deficits that
are claimed to cause their language and literacy impairments and to be responsible for the overlap
between the two disorders. Little is known, however, about the phonological grammar of children
with SLI and dyslexia, and indeed whether they show differences in phonological development.
We designed a nonword repetition task to investigate the impact of word position and stress on
the production accuracy of onset clusters. We compared the performance of children with SLI
and dyslexia, SLI only, and dyslexia only (mean age eleven), and three groups of typically develop-
ing children (aged five, seven, and nine). Analysis of cluster production accuracy revealed that
all three clinical groups made significantly more errors on word-medial clusters compared to
word-initial clusters. Unstressed clusters were more difficult than stressed clusters for the two
dyslexic groups but not the SLI-only group. None of the groups of typically developing children
showed an effect of word position or stress on cluster accuracy. All groups, however, created
new clusters significantly more frequently in initial than medial positions. These results indicate
a difference in phonological grammar in children with SLI and dyslexia that could potentially
shed light on the relationship between the two disorders. Furthermore, they indicate that structural
position and stress are developmentally independent elements in phonological representations.*

Keywords: specific language impairment, dyslexia, phonology, language development, positional
markedness

1. InTrRODUCTION. Developmental disorders of language and of skills that rely on
language, such as literacy, have an important role to play in our understanding of
language development. Studying disordered language development gives researchers
the opportunity to tease apart aspects of language that typically develop in concert.
Characterizing the range of possible language phenotypes and the phenotypic overlap
between different developmental disorders is particularly relevant in this regard. Such
knowledge not only provides insight into developmentally independent aspects of the
language system, but, given that language disorders have a genetic basis (Stromswold
2001, Fisher 2007), is starting to contribute to uncovering the genetic origins of lan-
guage.

Morphology and syntax have been comprehensively investigated in children with
developmental language disorders within a range of theoretical linguistic frameworks
(Rice & Wexler 1996, van der Lely & Battell 2003, Ring & Clahsen 2005). Such
approaches have enabled researchers to characterize impairments with precision and
make predictions as to the locus of the underlying deficit. Phonology, however, has
not benefited from such a systematic approach, and has been investigated more from
a processing perspective, using measures of speech perception, phonological awareness,
and phonological working memory. Valuable though these studies are, we believe that
studying phonological deficits within a linguistically informed perspective, using the
tools of linguistic theory and analysis, can also be illuminating.

* We thank Sally Harcourt-Brown, Sophie Tang, and Angela Pozzuto for their help with the data collection
for this study, and Franck Ramus, Stuart Rosen, John Harris, Jill Beckman, and Yvan Rose for discussions.
We are extremely grateful to all the schools, children, and parents that we work with, for giving up their
time and making us so welcome. We also gratefully acknowledge the advice of editors Brian Joseph and
Joe Pater, and the anonymous referees, whose detailed comments have greatly improved the article. This
study was funded by an Economic and Social Research Council Grant, RES-000-23-0575, awarded to Heather
van der Lely.
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One of the most striking characteristics of children with developmental language
disorders is that they perform poorly on tasks where they have to repeat nonsense
words, even when compared to younger children matched on general language abilities.
There has been much debate over whether this is due to impoverished phonological
working-memory capacity, or whether it reflects difficulties in creating and retrieving
phonological representations (Gathercole & Baddeley 1990, Snowling et al. 1991, van
der Lely & Howard 1993). Nonword repetition stimuli are typically manipulated for
length, and a well-replicated finding is that the repetition accuracy of children with
developmental language disorders tails off more sharply than that of their peers as the
number of syllables increases to three and beyond. However, a group of recent studies,
using a set of nonword stimuli whereby the phonological complexity of the nonwords
is manipulated (van der Lely & Harris 1999), demonstrates that it is not just the amount
of phonological material that impacts children’s accuracy, but also the way that material
is structured. Children with developmental language disorders are considerably worse
at repeating stimuli with consonant clusters (despite having no obvious articulation
difficulty) and are particularly likely to make errors with nonwords that contain unfooted
syllables—even when nonwords are only two syllables long (Marshall et al. 2002,
Marshall 2004, Gallon et al. 2007).

These findings suggest that the locus of the disorder is not in limited working-
memory capacity, but rather in structuring linguistic material so that it can be held
effectively in working memory. They therefore support claims that the underlying
deficit is in processes specific to language, and not in domain-general processing capac-
ity or speed of processing. The goal of our study is to characterize that representational
deficit with greater precision in two developmental disorders that have been the subject
of particular focus in the language-acquisition research literature: SPECIFIC LANGUAGE
IMPAIRMENT (SLI) and DYSLEXIA.

1.1. SPECIFIC LANGUAGE IMPAIRMENT AND DYSLEXIA. Children with SLI have an im-
pairment in acquiring language despite appearing to have all the necessary precursors
in place, such as normal intellectual functioning and an adequate learning environment
(Leonard 1998). Children with dyslexia have a significant difficulty in learning to read
alongside similar exclusionary criteria (Snowling 2000). There is a substantial overlap
between the two populations: around 50% of children diagnosed with SLI are also
dyslexic, and vice versa (McArthur et al. 2000). The reasons for this overlap, and
therefore the nature of the relationship between SLI and dyslexia, are still unclear, but
there is a growing support for the view that phonological deficits underlie both disorders
(Joanisse et al. 2000, McArthur et al. 2000, Bishop & Snowling 2004). Children with
SLI are reported to have impairments in tasks involving nonword repetition and the
categorical perception of speech sounds (for a review, see Leonard 1998). The same
phonological deficits, plus difficulties accessing lexical phonological representations
and manipulating phonological representations, have also been implicated in dyslexia
(Snowling 2000). More recently, a deficit affecting the perception of rhythmic timing
has been proposed for both dyslexic children (Goswami et al. 2002) and children with
SLI (Corriveau et al. 2007).

While researchers of SLI and dyslexia have investigated certain phonological skills
extensively, particularly speech perception, phonological working memory, rapid access
to lexical phonological representations, and the overt phonological manipulation of
phonological representations, they have been less thorough in exploring phonological
grammar, that is, the implicit rules or constraints that govern how sounds are assembled
into words. Therefore, we do not yet know whether children with SLI and dyslexia have
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identical deficits in phonological grammar, or whether they differ in their phonological
grammar compared to typically developing children. This issue is important because
genetic studies of SLI and dyslexia have identified several loci associated with each
disorder, but none that is associated with both (Galaburda et al. 2006, Monaco & the
SLI Consortium 2007). Teasing apart complex pathways from gene to behavior relies
on good descriptions of cognitive phenotypes, and the phonological phenotype of both
SLI and dyslexia remains to be specified.

Previous studies have indicated that multisyllabic words with marked stress patterns
(e.g. initial unfooted syllables) and consonant clusters would be a good place to start
investigating phonological grammar (Bishop et al. 1996, Marshall 2004, de Bree 2007,
Gallon et al. 2007). In this study, therefore, we investigate the effect of word position
and stress on the accuracy of onset cluster production, an interaction that has not been
systematically studied in either typical or atypical development. First, however, we
review the current state of knowledge of positional effects on segmental and cluster
development.

1.2. EFFECTS OF WORD POSITION AND STRESS ON PHONOLOGICAL REPRESENTATIONS.
Different positions in a word are not equal with respect to the phonological contrasts
that can appear there (Trubetskoy 1939). Some positions license a large number of
contrasts and resist reduction, and are termed ‘strong’, while others license a smaller
number of contrasts and yield to reduction, and so are termed ‘weak’. For example,
laryngeal feature contrasts involving voice, aspiration, and glottalization are realized
in syllable onsets but neutralized in codas (Steriade 1997). Of direct relevance to our
study are findings that initial syllables are strong and noninitial syllables are weak
(Beckman 1998, Casali 1998), while stressed syllables are strong and unstressed sylla-
bles are weak (Alderete 1995, Beckman 1998). Whether the contrast between strong
and weak positions is due to perception and/or production, or is strictly grammatical,
is subject to debate (Smith 2004).

Although word-initial and stressed positions are both strong, it is possible that they
gain their strength for different reasons. Word-initial positions are psycholinguistically
important because they play a critical role in lexical access (Beckman 1998). The
temporal structure of spoken input means that acoustic-phonetic information unfolds
over time. Numerous studies have shown that earlier parts of the word are more impor-
tant for word recognition than later parts of the word (Cole & Jakimik 1980, Marslen-
Wilson & Zwisterlood 1989, Benki 2003). This is a central assumption of the COHORT
model, in which speech input at the beginning of the word activates all lexical items
that share the same initial sequence. This initial set of candidates is termed the WORD-
INITIAL COHORT, and progressively fewer candidates remain activated as more acoustic-
phonetic information is perceived. The subsequent process of word recognition proceeds
linearly from the onset to the end of the word (Marslen-Wilson & Welsh 1978, Marslen-
Wilson 1987). It is therefore crucial that all contrasts are maintained in the onset because
of its important role in lexical access.

In English, stress is associated with increased pitch, duration, and volume relative
to neighboring syllables, and full vowel quality. Stressed syllables are used to locate
word boundaries for the purposes of word recognition, even by infants (Jusczyk et al.
1999), but the presence or absence of stress on a given syllable is not relevant in early-
stage word recognition (Cutler 1986). Stressed positions, unlike word-initial positions,
are prominent only phonetically. It has therefore been argued that strong positions
should be divided into two—psycholinguistically strong positions and phonetically
strong positions (Smith 2004). Initial syllables are classified as psycholinguistically

LS-JPLS-15714$$201 03-04-09 11:51:05



42 LANGUAGE, VOLUME 85, NUMBER 1 (2009)

strong, whereas stressed syllables are phonetically strong. This distinction is important
because it raises the possibility that children might respond differently to word position
and stress during development.

1.3. EFFECTS OF WORD POSITION AND STRESS DURING DEVELOPMENT. Previous studies
of positional asymmetries have tended to focus on segmental contrasts and their reduc-
tion in weak positions. Schwartz and Goffman (1995) asked twenty-two-to-twenty-
eight-month-olds to repeat CVCV nonwords that had either iambic or trochaic stress.
Few children omitted consonants, but when consonants were omitted they were almost
invariably initial. Other errors, such as assimilation, were not significantly affected by
either word position or stress. Kirk and Demuth (2006) compared two-year-olds’ non-
word repetition of coda stop and nasal production in stressed and unstressed syllables,
and in medial versus final position. In both medial position and final position, coda
consonants were more accurately produced in stressed than in unstressed syllables.

With regard to clusters, word-final clusters are acquired before onset clusters, with
the exception of s + stop clusters (Kirk & Demuth 2005). Chambless (2004) compared
eighteen-to-thirty-eight-month-olds’ repetition of nonwords containing clusters in either
word-initial or word-medial position. Accuracy was greater medially than initially, but
there was an interaction with cluster type: s + stop clusters were produced less accu-
rately in initial position than stop + liquid clusters. When considering just stop +
liquid clusters, there appeared to be no significant difference between initial and medial
position (Chambless 2004).

There is some evidence that stress affects the acquisition of onset clusters. In a
longitudinal study of two Québécois-French children, aged between one and four years
old, Rose found that stop + liquid onset clusters in real words were realized in stressed
syllables before unstressed syllables (Rose 2002). There are also instances of stress
effects on onset clusters in adult language: for example, in south-eastern Brazilian
Portuguese, underlying clusters surface in stressed syllables but not in unstressed ones
(Harris 1997).

Word position affects how accurately children with SLI repeat clusters in nonwords:
they are less accurate at correctly repeating consonant clusters that follow an initial
weak syllable (Marshall 2004, Gallon et al. 2007). For example, they are less accurate
with the cluster in a nonword like fakleta than the cluster in kletala. The nonword
repetition test used in those studies, the TEST OF PHONOLOGICAL STRUCTURE (van der
Lely & Harris 1999), however, did not contain the stimuli needed to distinguish whether
this was an effect of word position or had to do with the presence of an initial weak
syllable. Nor was cluster accuracy tested in unstressed syllables. In a related study,
Marshall and colleagues (2003) found that children with SLI created new clusters in
nonwords that lacked them, or added clusters to nonwords that already contained one.
Dyslexic children have not, to the best of our knowledge, been tested on stimuli that
manipulate the word position and stress of clusters.

1.4. Amvs of THIS sTUDY. In this study we use a nonword repetition paradigm to
manipulate the phonological environment of onset clusters in multisyllabic nonwords
with respect to word position (initial, medial) and stress (stressed, unstressed), in order
to determine which word-level factors affect onset-cluster accuracy during typical and
atypical development (SLI, dyslexia). Our main goal is to determine whether doing so
would reveal any differences between SLI and dyslexic children, and whether either
disorder differs from the typical pattern of development at age 4;6 and above. A second-
ary aim is to determine whether word position and stress are developmentally indepen-
dent elements of the phonological representation.
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2. METHOD.

2.1. ParTicipaNTs. Six groups of children participated: three clinical groups (SLI
+ dyslexia, SLI-only, and dyslexia-only) and three groups of younger, typically devel-
oping children. Children for the clinical groups were recruited twelve months prior to
the running of the experiment that we report here. We selected children aged between
8;00 and 12;11 years old, according to several criteria. First, all children had to achieve
a minimum score of 80 on each of two tests of nonverbal cognition, and an average
combined standard score of at least 85 (i.e. —1 sp below the mean or higher). The
nonverbal tests used were the Raven’s Standard Progressive Matrices (Raven 1998)
and the block design subtest of the British Ability Scales-2 (Elliott 1996).

For inclusion in the SLI group, children had to have a formal diagnosis of SLI but
no additional diagnosis of attention deficit and hyperactivity disorder (ADHD), autistic
spectrum disorder (ASD), or dyspraxia, attendance at a special school/unit for children
with SLI, and a standard score of 78 or below (i.e. seventh percentile) on one or more
of the following language tests: (i) Test for Reception of Grammar-2 (TROG; Bishop
2003)—a test of sentence comprehension; (ii) British Picture Vocabulary Scales-2
(BPVS; Dunn et al. 1997)—a test of single-word comprehension; (iii) Clinical Evalua-
tion of Language Fundamentals-3 (CELF, sentence repetition subtest; Semel et al.
1995)—a test of sentence production; and (iv) Test of Word-Finding-2 (TWF; German
2000)—a test of single-word production.

For inclusion in the dyslexia group, children had to have a formal diagnosis of
dyslexia but no additional diagnosis of ADHD, ASD, or dyspraxia, attendance at a
special school/unit for children with dyslexia,! and a standard score of 78 or below (i.e.
seventh percentile) on the reading subtest of the Wechsler objective reading dimensions
(WORD; Wechsler 1990). This is a single-word reading test comprising phonologically
regular and irregular words.

Many children fulfilled both sets of criteria with regard to standardized test scores,
although they may have had a diagnosis of just one. This did not surprise us—a substan-
tial overlap between dyslexia and SLI has been widely reported (e.g. around 50%;
McArthur et al. 2000), and this overlap is likely to be particularly high when children
are selected from special educational settings, as ours were. Children who fulfilled our
criteria for both SLI and dyslexia were allocated to an SLI + dyslexia group. In all,
we recruited thirty SLI + dyslexic, thirteen SLI-only, and twenty-one dyslexia-only
children. By the time of testing, two children from the dyslexia-only group had moved
away and were unavailable for testing.

To be included in the control groups, children had to achieve a standard score of 85
or above on each of the language and literacy tasks used to select participants for the
SLI and dyslexic groups, and have no history of a speech or language delay or any
other special educational need. We recruited sixty-five control children aged between
5;00 and 12;11 years old. However, it became clear during the course of this study
that the older control children (10;6 plus) were making no nonword repetition errors,
whereas the clinical groups were performing below the level of our younger controls,
then aged 6;00. We therefore decided to recruit some younger children, aged 4;06 to
6;00. Because of time constraints, we did not administer the full battery of tests to
these children. However, we administered the TROG and BPVS, and to be included,
these younger children had to perform within normal limits on those two tests. In
addition, they had to have no history of a speech or language delay, or any other special
educational need. When it came to dividing up our control children into groups for this

! With the exception of one child, who is in mainstream school.
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study, we selected all of our control children aged 4;06 to 10;06, split into three age
bands of two years each. In this way we could investigate how cluster accuracy develops
with age within typically developing children. This is justified because we are not
interested in the overall levels of performance—it is well documented that children
with SLI and dyslexia perform worse than their language-matched controls on nonword
repetition tests (Gathercole & Baddeley 1990, Bishop et al. 1996, Gallon et al. 2007).
Rather, we are interested in whether children with SLI and dyslexia respond in the
same way as typically developing children to the phonological variables manipulated
in the test. For this reason, rather than labeling our typically developing groups as
‘controls’, we term them ‘TD’ for ‘typically developing’ and label them by mean age:
TDS, TD7, and TD9.

Because children in the TD7 and TD9 groups were recruited at the same time as the
SLI and dyslexic children, we can report on group comparisons for three tests: TROG,
BPVS, and the WORD single-word reading subtest. Participant details are shown in Table
1, and where groups share subscripts, this indicates that on post hoc testing they do not
differ at the p < 0.05 level. Particularly relevant is the comparison of BPVS scores, given
the links between phonology and vocabulary development (Storkel & Morisette 2002).

SLI + DYSLEXIA SLI-oNLY DYSLEXIA-ONLY
N 30 13 19
age mean (SD) 11.72 (1.15) 11.49 (1.57) 11.32 (1.18)
age range 9.25—-14.00 9.25—14.08 9.58 —13.08
TROG, raw 11.18, (3.24) 13.46, (2.47) 16.26, (2.05)
TROG, z-score —1.53(0.91) —0.87 (0.82) 0.08 (0.71)
BPVS, raw 79.75, (16.62) 86.00, (12.01) 98.89, (12.81)
BPVS, z-score —1.20 (0.78) —0.73 (0.80) 0.11 (0.66)
WORD, raw 18.79 (7.03) 35.31, (8.89) 19.89 (5.38)
WORD, z-score —2.04 (0.47) —0.42 (0.84) —1.81 (0.33)

TD5 TD7 TD9

N 22 23 18
age mean (SD) 5.84 (0.48) 7.54 (0.48) 9.40 (0.52)
age range 4.50-6.50 6.58 —8.50 8.58—10.50
TROG, raw — 13.43, (3.00) 16.22,, (2.01)
TROG, z-score — 0.71 (0.90) 0.50 (0.59)
BPVS, raw — 72.57, (13.25) 93.00, (9.12)
BPVS, z-score — 0.56 (0.72) 0.61 (0.60)
WORD, raw — 26.61 (9.71) 39.39, (7.12)
WORD, z-score — 1.36 (0.91) 1.09 (0.86)

TaBLE 1. Participant details.
Key
TROG: Test for Reception of Grammar, 2nd edn. (Bishop 2003)
BPVS: British Picture Vocabulary Scales, 2nd edn. (Dunn et al. 1997)
WORD: Wechsler Objective Reading Dimensions (Wechsler 1990)

2.2. StimuLL Four basic nonword items, all three syllables in length and containing
an onset cluster, were subjected to a 2 (word position: initial, final) X 2 (stress: stressed,
unstressed) manipulation of the cluster. This resulted in the creation of a total of sixteen
stimuli that, importantly, ensured that segmental content and working-memory load
were balanced across conditions.

We also included eighteen one-syllable stimuli with an onset cluster in order to check
that children could produce clusters in this the most basic of word forms. Even though
the onset clusters in our three-syllable nonwords were all of the form obstruent +
liquid, we included in our one-syllable stimuli examples of all three onset cluster types
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found in English: obstruent + liquid, s + stop, and s + sonorant, in order to obtain
a thorough picture of performance. The complete list of one- and three-syllable stimuli
is given in the appendix.

Stimuli were recorded in an anechoic chamber by the first author, who has a southern
British English accent. Individual sound files were created and edited using Audition
software (Microsoft Corporation).

2.3. ProceDpURE. We presented the stimuli on a laptop using DMDX software (devel-
oped by Jonathan Forster, University of Arizona). DMDX allows sound files to be both
played and recorded, and creates individual sound files for each response, which can
then be analyzed visually. 3.5 seconds were allowed for a response, as pilot testing
showed this was more than adequate, even for the youngest children. Children heard
the stimuli through Sony Dynamic Stereo MDR-7509 headphones, and gave their re-
sponse into a Samson CO1U USB Studio Condenser Microphone. One-syllable and
three-syllable nonwords were mixed together and items were presented to all children
in the same pseudo-randomized order (i.e. ensuring that no two nonwords from the
same condition occurred one after the other).

2.4. TranscripTION. Nonwords were broadly transcribed live by the experimenter
(who was the first author or a research assistant), and then retranscribed from the
recording by the same experimenter. We did not count a substitution of [w] for /r/
as incorrect, as this is a common feature of young children’s clusters (Smit 1993).
Intertranscriber reliability, calculated on 10 to 15% of data within each group, and
across the whole word, was as follows: SLI + dyslexia: 97.9%, SLI-only: 100%,
dyslexia-only: 100%, controls: 99.0%. Areas of disagreement were resolved by discus-
sion, and if consensus could not be reached then the first author made the final decision.

2.5. PrebicTiONs. Our predictions are as follows: given that initial syllables and
stressed syllables are strong positions while noninitial and unstressed syllables are
weak, if there is an effect of position and stress, then cluster accuracy will be higher
in initial syllables and in stressed syllables. However, the question of WHETHER there
will be effects of word position and stress in all six groups is an open one. It is also
an open question as to whether all six groups will produce the same types of errors at
the same relative frequencies.

3. ResuLts. Although we transcribed the entirety of the nonwords, we were inter-
ested in two particular measures: cluster accuracy and the formation of new clusters
in nontarget position, as these are the two measures that inform us about the relationship
between clusters, word position, and stress. We therefore ignored other segmental errors,
for example, the repetition of fakleta as tokleta, or snid as snip.

First, we report the results for cluster accuracy in the one-syllable nonwords. One
child from the SLI + dyslexia group could produce no clusters word-initially, and
another from that group produced only one cluster out of eighteen—this despite being
able to produce clusters in real words. Neither of these two children was able to produce
any clusters in the three-syllable nonwords, so we did not analyze their data any further:
the group means reported in Table 2 exclude those two children. Because the scores
were so close to ceiling, and therefore not normally distributed, we used a nonparametric
test, the Kruskal-Wallis analysis of variance by ranks, using the number of clusters
repeated correctly as the dependent variable. This revealed no significant group differ-
ences in accuracy on one-syllable nonwords that contain an initial consonant cluster
(x> = 7718, p = 0.172).

Before we present our analyses of the three-syllable nonwords, it is worth saying a few
words about initial-weak-syllable omission. Although younger SLI children and young
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SLI + pysLeExiA  SLI-ONLY  DYSLEXIA-ONLY TD5 TD7 TD9
total score 94.84 (12.37) 98.72 (2.44)  97.37 (4.67)  94.19 (6.52) 98.07 (3.97) 98.77 (3.05)

TABLE 2. Mean scores (sp) for cluster accuracy in one-syllable nonwords, expressed as a percentage.

typically developing children are reported to omit initial weak syllables (Allen & Hawkins
1978, Bortolini & Leonard 2000), this particular error is not a feature of our data nor that
of other studies of older SLI children (Marshall 2004). Among the twenty-eight children
in the SLI + dyslexia group, only four omitted an initial weak syllable from just one
nonword item, and no child made this error more than once. From the SLI-only and dys-
lexia-only groups, no child omitted an initial weak syllable. In the TD5 group, only one
child omitted one, and no child in the older control groups did. Therefore, initial-weak-
syllable omission is not a confound in the analyses that we present.

3.1. CLUSTER AccURACY. The mean scores for cluster accuracy are reported in Table
3 as percentages correct for ease of exposition, but the dependent variable in the analysis
is the number of clusters correct. Because the TD9 group performed so close to ceiling,
with little variation in scores, we carry out statistical analysis on only the TD5 and
TD7 groups, and the three clinical groups.

SLI + DYSLEXIA SLI-oNLY DYSLEXIA-ONLY
total score 66.99 (19.68) 75.96 (26.50) 84.87 (15.77)
initial cluster, stressed 84.82 (20.79) 84.62 (26.10) 94.74 (13.38)
initial cluster, unstressed 64.29 (33.63) 84.62 (26.10) 84.21 (23.88)
medial cluster, stressed 68.79 (22.18) 67.31 (25.79) 85.53 (24.03)
medial cluster, unstressed 50.00 (29.66) 67.31 (34.44) 75.00 (26.35)

TD5 TD7 TD9

total score 81.53 (17.2) 91.85 (8.31) 97.22 (4.90)
initial cluster, stressed 87.50 (18.50) 94.57 (12.96) 100.00 (0.00)
initial cluster, unstressed 77.27 (25.48) 93.48 (13.52) 95.83 (9.59)
medial cluster, stressed 77.27 (23.03) 89.13 (14.74) 98.61 (5.89)
medial cluster, unstressed 84.09 (27.33) 90.22 (14.58) 94.44 (10.69)

TABLE 3. Mean scores (sp) for cluster accuracy in three-syllable nonwords, expressed as a percentage.

A 2 (word position: initial, medial) X 2 (stress: stressed, unstressed) X 5 (group)
ANOVA revealed that the main effects of word position, stress, and group were all
significant: F(1,100) = 29.40, p < 0.001, > = 0.227; F(1,100) = 12.30, p < 0.001,
1]2 = 0.110; and F(4,100) = 6.94, p < 0.001, 1]2 = 0.217 respectively. There was
no significant third-order interaction: F(4,100) = 0.87, p = 0.485, 1]2 = 0.034, and
no significant word position X stress interaction: F(1,100) = 1.36, p = 0.247, 1]2 =
0.013. There were, however, significant interactions between word position and group:
F(4,100) = 2.98, p = 0.023, > = 0.106, and between stress and group: F(4,100) =
5.44, p < 0.001, 1]2 = 0.179. Accuracy was higher for word-initial clusters than word-
medial clusters, and for clusters in stressed syllables compared to those in unstressed
syllables. Post hoc testing for group differences (using the Games-Howell procedure
to account for unequal variances and group sizes) revealed that the SLI + dyslexia
group performed worse than the dyslexia-only and TD7 groups, p = 0.010 and p <
0.001 respectively, and marginally worse than the TD5 group, p = 0.059. No other
group differences were significant.

We analyze the word position X group interaction first (see Figure 1). A series of
paired-samples two-tailed 7-tests within each group revealed significantly more correct
repetitions of clusters in word-initial compared to word-medial position for the SLI +
dyslexia, SLI-only, and dyslexia-only groups: #(27) = 4.15, p < 0.001; #(12) = 5.20,
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Ficure 1. The interaction between word position and group for cluster accuracy.

p < 0.001; and #(18) = 2.16, p = 0.044 respectively, but not for the TD5 group: #21)
= 0.40, p = 0.690, or the TD7 group: #22) = 1.50, p = 0.148.

One-way ANOVAs to investigate the effect of group within the initial and medial
conditions revealed the following. A one-way ANOVA within the word-initial condi-
tions revealed a significant group effect: (4,100) = 3.66, p = 0.008. Post hoc testing
using Games-Howell correction revealed that the only significant group difference was
between the SLI + dyslexia and TD7 groups, p = 0.002. A one-way ANOVA within
the word-medial conditions also revealed a significant group effect: F(4,100) = 8.43,
p < 0.001. This time there were a greater number of group differences. The SLI +
dyslexia group scored significantly worse than the dyslexia-only, TD5, and TD7 groups,
p = 0.012, p = 0.007, and p < 0.001 respectively. No other group differences reached
significance.

Next we analyze the stress X group interaction (see Figure 2). A series of paired-
samples -tests within each group revealed a significant advantage for clusters in stressed
compared to unstressed positions for the SLI + dyslexia and dyslexia-only groups:
1(27) = 4.30, p < 0.001; and #(18) = 2.58, p = 0.019, respectively, but not for the
SLI-only (#(12) = 0.00, p = 1.000), TD5 (#(21) = 0.44, p = 0.665), or TD7 (#(22)
= 0.00, p = 1.000) groups.

A one-way ANOVA within the stressed conditions showed a significant group effect:
F(4,100) = 4.06, p = 0.004. Post hoc testing using Games-Howell correction revealed
that the only significant group difference was between the SLI + dyslexia and TD7
groups, p = 0.002. A one-way ANOVA within the unstressed conditions also revealed
a significant group effect: F(4,100) = 8.01, p < 0.001. The SLI + dyslexia group
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Ficure 2. The interaction between stress and group for cluster accuracy.

scored significantly worse than the dyslexia-only, TD5, and TD7 groups, p = 0.022,
p = 0.014, and p < 0.001 respectively. No other group differences reached significance.

3.2. ErroRs. We analyze two types of errors: errors on the target cluster itself, and
errors whereby a new cluster was created (this latter type occurred even when the target
cluster was realized accurately, so we analyze this error type separately).

ERRORS IN CLUSTER PRODUCTION. Here we consider the different types of errors that
the groups make on clusters. Five different error types were coded. Examples of each
of these types are given in 1.

(1) CI1 deleted: floketo — loketo
C2 deleted: taprofo — tapoafo
C1 substituted: fokleto — fagleto
C2 substituted: lofreepo — loflepo
Other error: profato — bafato

Note that for the two types of substitution errors, clusterhood is preserved, but the
segmental content is not accurate and these are therefore counted as errors.

The different error types made by each group, collapsed across conditions, are shown
in Table 4. Although Table 4 shows the percentage of errors, the analysis was carried
out with the raw number of errors produced as the dependent variable.

Because the TD9 group made so few errors, we once again exclude them from the
statistical analysis. The data from the remaining five groups violate the assumption of
sphericity, so we use Greenhouse-Geisser corrections in reporting the results of the
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SLI + DYSLEXIA SLI-oNLY DYSLEXIA-ONLY TD5 TD7 TD9
C1 deleted 1.12 (3.82) 0.00 (0.00) 0.99 (3.13) 0.85 (2.92) 0.54 (1.80) 0.00 (0.00)
C1 substituted 2.01 (2.97) 3.85 (5.44) 0.99 (2.34) 5.97 (6.53) 1.90 (3.97) 0.69 (2.02)
C2 deleted 18.30 (14.43) 12.98 (15.82)  7.90 (10.38)  5.68 (6.37) 3.53 (4.92) 1.39 (3.43)
C2 substituted 1.79 (3.34) 1.44 (3.74) 0.33 (1.43) 1.70 (3.94) 0.82 (2.15) 0.35 (1.47)
Other error 9.38 (9.84) 5.77 (9.36) 4.93 (6.10) 3.98 (6.83) 1.36 (3.24) 0.35(1.47)

TABLE 4. Mean scores (sp) for different error types on clusters in three-syllable nonwords,
expressed as a percentage across all conditions.

ANOVA,? and nonparametric signed-ranks tests in exploring the error types within
each group. A 5 (error type) X 5 (group) ANOVA revealed significant main effects
of error type and group: F(2.3, 229) = 34.83, p < 0.001, 1]2 = (0.258; and F(4,100)
= 6.79, p < 0.001, 1]2 = (.214 respectively, and a significant interaction between
error type and group: F(9.2, 229) = 5.11, p < 0.001, n* = 0.170.

In order to explore the interaction, we carried out a series of Wilcoxon signed-
rank tests within each group, setting the alpha value to 0.005 to account for multiple
comparisons. For the SLI + dyslexia group, C2-deletion errors were significantly more
common than Cl1-deletion, C1-substitution, and C2-substitution errors, Z = —4.20, Z
= —4.03, and Z = —4.49 respectively, p < 0.001 for each. ‘Other’ errors were
also significantly more common than C1-deletion, C1-substitution, and C2-substitution
errors,Z = —4.03,Z = —3.66,and Z = —3.53, p < 0.001 for each. The difference
between C2-deletion and ‘other’ errors was not significant, however. For the SLI-only
group, the only significant comparison was a greater number of C2-deletion compared
to Cl-deletion errors, Z = —2.84, p = 0.005. For the dyslexia-only group, C2-deletion
errors significantly outnumbered Cl-deletion errors and C2-substitution errors, Z =
—298 and Z = —2.96 respectively, p = 0.003 for both. No comparisons reached
significance for either of the control groups.

A series of one-way ANOV As revealed significant group differences for C1-substitu-
tion, C2-deletion, and ‘other’ errors. Post hoc testing using Games-Howell correction
revealed that for Cl-substitution errors, the only significant difference was between
the TD5 group and the dyslexia-only group, p = 0.019. The SLI + dyslexia group made
significantly more C2-deletion errors than the dyslexia-only, TDS5, and TD7 groups,
p = 0.046, p = 0.002, and p < 0.001 respectively. For ‘other’ errors, the SLI +
dyslexia group made significantly more errors than the TD7 group. No other differences
reached significance.

CREATION OF NEW CLUSTERS. A different type of error from those analyzed in the
previous section occurred when participants created new onset clusters in nontarget
positions, by inserting /l/ or /r/ after an obstruent consonant. On occasion, they created
clusters in nonwords even when they repeated the existing cluster correctly, for example,
feklata — fleklata. This error type is therefore independent from the error responses
analyzed in the previous section. Examples of where errors were created are given
in 2.

(2) word-initial stressed syllable: fekloto — flekoto
word-initial unstressed syllable: toprafo — tropafo
word-medial stressed syllable: fropalo — foplelo

word-medial unstressed syllable: drepoko — dreploko

2 Sphericity is an assumption of an ANOVA with a repeated-measures factor. Sphericity requires that the
variances of the differences between levels of the repeated-measures factor are equal. Thus, results from
ANOVAs violating this assumption cannot be trusted, and we have corrected for this violation using the
Greenhouse-Geisser correction.
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We calculated the percentage of times a cluster was created where context would
allow it for each condition (see Table 5). There were some nonwords where a cluster
could not be created in each context. For example, consider the creation of clusters in
a word-initial stressed syllable, that is, in the stimuli feklata, taprafa, kedrapa, and
laefrapa. Of those four, a cluster cannot be created in la&fropa. Similarly, consider the
word-medial stressed position, klatefa, prafata, dropeka, and fropaelo—assuming the
cluster is created with the same C2 that is in the target cluster, a new cluster cannot
be created in klatef> (*11).> We therefore calculated the percentage over the number of
contexts that would support creation of a cluster. Note that each condition contained
the same number of contexts that were able to support cluster creation.

SLI + DYSLEXIA SLI-oNLY DYSLEXIA-ONLY
initial cluster, stressed 19.05 (21.14) 25.64 (30.89) 5.26 (12.49)
initial cluster, unstressed 10.71 (18.27) 20.51 (25.60) 10.53 (15.92)
medial cluster, stressed 4.76 (11.88) 2.56 (9.25) 1.75 (7.65)
medial cluster, unstressed 1.19 (6.30) 0.00 (0.00) 0.00 (0.00)

TD5 TD7 TD9

initial cluster, stressed 7.58 (14.30) 7.25 (14.06) 1.85 (7.86)
initial cluster, unstressed 13.64 (26.55) 8.70 (14.97) 1.85 (7.86)
medial cluster, stressed 4.55 (11.71) 0.00 (0.00) 0.00 (0.00)
medial cluster, unstressed 0.00 (0.00) 0.00 (0.00) 1.85 (7.86)

TABLE 5. Mean scores (sp) for creation of new clusters in three-syllable nonwords, according to where
the cluster was created and expressed as a percentage.

In this analysis, percentage of clusters created was used as the dependent variable.
A 2 (word position: initial, medial) X 2 (stress: stressed, unstressed) X 5 (group)
ANOVA revealed significant main effects of word position and group: F(1,100) =
58.77, p < 0.001, »* = 0.370 and F(4,100) = 2.83, p = 0.028, n*> = 0.102 respec-
tively, but no main effect of stress: F(1,100) = 0.80, p = 0.374, n? = 0.008. There
was no significant third-order interaction: F(4,100) = 1.55, p = 0.194, 1]2 = 0.058;
word position X stress interaction: F(1,100) = 0.92, p = 0.340, n2 = 0.009; or stress
X group interaction: F(4,100) = 1.24, p = 0.299, 1]2 =0.047. There was, however,
a significant interaction between word position and group: F(4,100) = 2.52,p = 0.046,
n? = 0.092.

We explored the word position X group interaction (see Figure 3). A series of paired-
samples two-tailed #-tests comparing performance on word-initial and word-medial
conditions for each group revealed that all groups created significantly more clusters
word-initially than word-medially: SLI + dyslexia: #27) = 4.95, p < 0.001; SLI-
only: #(12) = 3.16, p = 0.008; dyslexia-only: #(18) = 2.65, p = 0.016; TD5: #21)
= 2.73, p = 0.013; TD7: #(22) = 3.14, p = 0.005. A one-way ANOVA revealed a
significant main effect of group for the word-initial conditions: F(4,100) = 2.83,p =
0.028. On post hoc testing using Games-Howell correction, the only significant differ-
ence was between the SLI-only group and the TD7 group, p = 0.046. A one-way
ANOVA revealed no significant main effect of group for the word-medial conditions:
F(4,100) = 1.40, p = 0.240.

3.4. Summary. Word-medial clusters were repeated less accurately by all three clini-
cal groups, while clusters in unstressed syllables were problematic for the two dyslexic
groups but not the SLI-only group. The SLI + dyslexia group was least accurate

3 A referee questioned whether this assumption was correct, given that there are instances in our data

where the cluster was created with a different C2 from that of the target cluster. Across our whole data set,
an overwhelming 87% of clusters were created with the same C2 as in the target cluster.
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Ficure 3. The interaction between word position and group for newly created clusters.

overall, with its most frequent errors consisting of the deletion of the second consonant
in the cluster (/r/ or /I/) and ‘other’ errors that were not readily classifiable. None of
the typically developing groups showed an effect of word position or stress in cluster
repetition. However, ALL groups created clusters significantly more often in initial than
in medial positions, and the creation of initial clusters was particularly high within the
SLI-only group.

4. Discussion. In this study we set out to investigate a little-studied area of phono-
logical grammar—the accuracy of onset cluster production in different word positions
and in stressed and unstressed syllables. Our main aim was to determine whether doing
so would reveal any differences between SLI and dyslexic children, and whether either
disorder differs from the typical pattern of development at age 4;6 and above. A second-
ary aim was to determine whether word position and stress are developmentally inde-
pendent elements of the phonological representation.

Crosslinguistically, word-initial and stressed positions resist reduction. Although they
are both strong positions, it has been argued that they gain their strength for different
reasons, with initial positions being psycholinguistically strong and stressed positions
being phonetically strong (Beckman 1998, Smith 2004). Our study provides evidence
that word position and stress are also developmentally independent. We found that
word position affected cluster accuracy only in children with SLI and dyslexia, whereas
typically developing children showed no effect of word position. Stress affected cluster
accuracy only in dyslexic children: this is a rare instance of children with dyslexia and
children with SLI responding differently on a phonological task. Again, the typically
developing children showed no effect of stress. Despite the most common error being
the deletion of the second consonant in the cluster (/r/ or /1/), all groups created clusters
in nontarget positions within the nonword. Such clusters were created overwhelmingly
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in word-initial positions, and this was the case not only for the three clinical groups
but also for the three typically developing groups. This suggests that word-position
factors are important for cluster formation in typically developing children too, even
though by the age of four and a half they are equally accurate in repeating existing
onset clusters whatever their position in the word.

An important issue in the study of developmental disorders is whether clinical partici-
pants show patterns of performance that are qualitatively different from those of typi-
cally developing children. The pattern of new-cluster creation reveals word-position
effects in typically developing children too. In contrast, our study provides no evidence
for stress impacting on typical development of clusters. Of course, we could have tested
a group of even younger children, but younger children have higher levels of initial-
weak-syllable deletion and difficulties with the articulation of /r/ and /1/, so positional
effects on clusters might not emerge. The difference between SLI and dyslexia in
terms of the effects of stress on cluster accuracy, however, has potentially important
ramifications for models of the two disorders.

Dyslexic children’s difficulty in repeating clusters accurately in unstressed syllables
indicates a deficit in constructing accurate phonological representations when, presum-
ably, perceptual cues to segmental identity are weak (given that unstressed syllables
are shorter and not as loud compared to stressed syllables; Ashby & Maidment 2005).
There is evidence from other sources that dyslexic children are impaired in the percep-
tion of stress itself. For example, they have difficulty identifying PERCEPTUAL-CENTERS,
the mid-spectral energy burst at the onset of the nucleus, and this is claimed to explain
their problems identifying onset and rhyme (Goswami et al. 2002). Although it is not
immediately obvious what the link between problems with P-center identification and
our finding of cluster reduction in weak syllables would be, these two phenomena
might be related. More recent research findings from Goswami’s lab indicate, however,
that a majority of children with SLI also have difficulty identifying P-centers, suggesting
that children with SLI and children with dyslexia share the same phonological deficit
(Corriveau et al. 2007). Similarly, some accounts of SLI claim that children with SLI
have a speech-perception deficit that is of the same kind but more severe than that of
children with dyslexia (Kamhi & Catts 1986, Tallal 2003). In our data, the lack of a
stress effect on SLI children’s onset realization is incompatible with both of these
views. Instead, it suggests that the underlying nature of SLI and dyslexic children’s
impairments is at least partially qualitatively different. Research into the ability of
children with SLI and dyslexia to perceive clusters in different word and stress positions
would be a valuable next step in examining this issue.

It could be, of course, that the dyslexic children’s difficulty with stress is not in
perception but in production. Kirk and Demuth (2006), in their study of coda consonant
production in typically developing children, interpreted lower accuracy for coda produc-
tion in medial unstressed syllables as due to there being less time available for articulat-
ing the coda compared to stressed syllables. Children with SLI have been shown to
produce articulatory movements that are more variable in spatiotemporal organization
than those of their typically developing age-matched peers (Goffman 2004). Whether
this is also the case for dyslexic children is not clear from the current research evidence.

Our results are in line with those reported in Gallon et al. 2007, a nonword repetition
study of children with grammatical-SLL,* but they challenge the interpretations pre-

4 Children with grammatical-SLI have been argued to exhibit a relatively pure, domain-specific, grammati-

cal impairment, and are hence a subgroup within the SLI population. See van der Lely & Battell 2003 for
further details.
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sented there. Like Gallon and colleagues, we found that onset clusters are repeated less
accurately when they follow an initial unstressed syllable than when they are word-
initial in a stressed syllable. Gallon and colleagues took this to be due to an interaction
between marked syllable structure (i.e. the presence of a cluster) and marked metrical
structure (the presence of an initial unstressed syllable). Neither their SLI children nor
ours omitted initial weak syllables. Their nonword repetition stimuli, however, con-
tained only two conditions with onset clusters: in either word-initial stressed position
or word-medial stressed position. Therefore, it is possible that errors occurred on clus-
ters that followed the weak syllable not because of the weak syllable per se, but because
the onset cluster was not word-initial. We can tease apart the effects of word position
and stress in our data because we have two conditions with initial weak syllables (word-
initial unstressed, word-medial stressed) and two without (word-initial stressed, word-
medial unstressed). For our SLI + dyslexia group, cluster accuracy in weak-strong
contexts was 66.54% and in strong-weak contexts was 67.41%. For our SLI-only group,
cluster accuracy in weak-strong contexts was 75.97% and in strong-weak contexts was
also 75.97%. Therefore the overall metrical structure of the word has no effect on
cluster accuracy.

In line with many previous studies, we have found that SLI and dyslexic children
perform worse on nonword repetition tasks than even much younger children (Gath-
ercole & Baddeley 1990, Dollaghan & Campbell 1998, Gallon et al. 2007). There has
been much debate over why this is the case, and what factors may affect nonword
repetition accuracy (Archibald & Gathercole 2006, van der Lely & Gallon 2006, Graf
Estes et al. 2007). In light of this debate, it is important to note that we designed all
of our experimental stimuli to have exactly the same number of syllables (three) and
phonemes (nine). We manipulated the arrangement of those phonemes in terms of
their higher-level organization in the prosodic hierarchy, but not the total amount of
phonological material to be retained in short-term memory. Clusters have already been
identified as one factor that children find difficult—now we have extended that by
showing that the location of the cluster within the word is significant. There are probably
many other phonological variables affecting performance in nonword repetition tests
that are yet to be examined. Our results therefore challenge the notion that nonword
repetition tests measure only phonological short-term-memory capacity. We have dem-
onstrated that the nature of the phonological representation that the child has to create,
store, and retrieve is also relevant. Importantly, the structure of the phonological repre-
sentation is affected in both SLI and dyslexia. In order to disentangle how phonological
representations in SLI and dyslexia DIFFER, we hope researchers will follow our ap-
proach in taking detailed language and literacy measures when they study one or both
of these populations, so that the phonological characteristics of each disorder can be
determined more precisely.

Finally, our data potentially contribute toward testing different theoretical accounts
of positional asymmetries. In an optimality-theoretic framework there are two major
approaches that account for positional asymmetries: POSITIONAL MARKEDNESS (PM) and
POSITIONAL FAITHFULNESS (PF). Both accounts make use of markedness and faithfulness
constraints, but differ in how they state positional effects. PM accounts propose that
certain marked structures either must or cannot occur in certain positions. PM faithful-
ness constraints are context-independent, while their markedness constraints directly
prohibit marked structure in weak positions (Steriade 1997, Zoll 2003). PF accounts,
by contrast, have context-independent markedness constraints and faithfulness con-
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straints that are restricted to particular contexts (Alderete 1995, Beckman 1998, Casali
1998).

In many instances, the two approaches make the same predictions for the data, and
so are difficult to tease apart. For example, our accuracy data do not help in this regard:
the finding that SLI and dyslexic children reduce clusters more frequently in word-
medial positions and retain them more frequently in word-initial positions is predicted
by both accounts. The accounts differ, however, in their predictions for instances where
marked structure is created in the output. Because PF constraints prohibit change in
strong positions, they not only prevent reduction in underlying marked structures in
these positions, but also prevent phonological augmentation from taking place there.
PF predicts that when marked structure is created, it will be drawn to weak positions.
Our data reveal that children create clusters more frequently word-initially than word-
medially, and therefore created marked structure in strong positions, contrary to the
PF account. The anticipatory production of clusters has been long known from the
speech-error literature (Cohen 1973), and therefore the position of this error that we
see in all groups of children may indicate no more than imprecise speech planning.
Our results, however, are consistent with the predictions of the PM account, which can
deal straightforwardly with phonological augmentation in strong positions, because
these are precisely the positions where marked structure is favored.’

5. Concrusions. In this study we investigated one aspect of phonological grammar:
the impact of word position and stress on the accuracy of onset cluster production in
children who are acquiring English. Word-medial clusters were more difficult than
initial clusters for children with SLI and dyslexia to repeat. Unstressed clusters were
realized less accurately than stressed clusters by only the dyslexic children. To our
knowledge, these are the first data showing qualitative differences in phonology be-
tween SLI and dyslexic children, and they highlight the insight that linguistic theory
can bring to bear on clinical investigations of language. We argue that these data
challenge models of SLI and dyslexia whereby the phonological deficits underlying
these two disorders are identical. Furthermore, our findings indicate that structural
position and stress are developmentally independent elements in phonological represen-
tations.

APPENDIX: LIST OF STIMULI

THREE-SYLLABLE NONWORDS

WORD-INITIAL WORD-INITIAL WORD-MEDIAL WORD-MEDIAL
STRESSED UNSTRESSED STRESSED UNSTRESSED
kletofo klotefo fokleto fekloto
prafato prafata toprafa taprofa
drepaka drapeka kadrepa kedrapa
fraepals fropals lofraepa lefropa

ONE-SYLLABLE NONWORDS
OBSTRUENT + LIQUID s + sTOP s + SONORANT
dron ston slon
JNING spaf smAf
glep skep snep
phid spid snid
brap StAp SWApP
grev skaev slev

5 Similarly, Zoll (2003) shows that PF makes the wrong predictions for several phonological phenomena,
including mimetic palatalization in Japanese and vowel-length distribution in Guugu Yimidhirr, cases where
marked structure arises through augmentation of the input.
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