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Abstract
There is much debate in the literature about the cause, presentation, diagnosis and
treatment of specific language impairment (SLI). Research has been hampered by the
heterogeneity evident within the diagnostic group as well as a paucity of tasks to
measure specific skills and thus increase our understanding of the underlying deficit.
One prominent theory is that children with SLI have an underlying deficit with
phonological processing skills although the role of phonology in the establishment of
accurate, well specified phonological representations is still unclear.
This program of research aimed to add to the body of evidence by addressing these
key methodological issues and exploring the phonological processing skills of
children with SLI. In the initial phase of the research, two silent measures of
phonological representations were designed and developed to fill a recognised gap.
The Quality of Phonological Representations task aims to explore the accuracy of a
child’s stored phonological representation of a multisyllabic word. The Silent
Deletion of Phonemes task aims to explore how well specified a stored phonological
representation is, and requires a child to perform a silent deletion task on a stored
phonological representation.
The Quality of Phonological Representations and Silent Deletion Of Phonemes were
then used as part of a comprehensive battery of phonological processing measures to
explore the phonological processing skills of a well-defined group of children with
SLI (n=21), typically developing children matched for age (n=21) and typically
developing children matched for receptive language skills (n=21). The task battery
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also included measures of phonological awareness, short-term and working memory
and rapid automatised naming.
Children with SLI had generally weaker phonological processing skills than typically
developing children matched for age. The profile was more varied when compared to
typically developing children matched for language. Despite employing tight
selection criteria, there was a wider spread of scores for children with SLI than for
typically developing peers. The children with SLI demonstrated weaker performance
on both short-term and working memory tasks, as well as a measure of quality of
phonological representations.
Overall, the children with SLI demonstrated an interesting pattern of phonological
processing skills, with particular difficulty observed in phonological and working
memory. Children with SLI also evidenced lower quality stored phonological
representations of multisyllabic words. Performance on measures of phonological
awareness was strong indicating that such skills can be taught, but that improvement
in this area does not necessarily improve the quality of the underlying phonological
representation.
The research provided some support for a specific processing account of SLI. It also
highlighted the importance of phonological and working memory in the development
of accurate phonological representations.
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Introduction
Specific Language Impairment (SLI) is a term used to describe a significant
impairment in language ability in the absence of hearing impairment, general
developmental delay, neurological impairment or autism (Schwartz, 2009). Children
with SLI form a heterogeneous group with a reported prevalence of 7% (Leonard,
1998).
There is much debate in the literature about the cause, presentation, diagnosis and
treatment of specific language impairment (SLI). Research has been hampered by the
heterogeneity evidenced within the diagnostic group with debate in the literature
about the severity and extent of language impairment required for SLI to be
diagnosed. The role of performance IQ in diagnosis has also been controversial with
many researchers suggesting that measurement of performance IQ is required to
distinguish between SLI and a more general delay (Bishop, 1997; Schwartz, 2009),
and other researchers suggesting diagnosis be made on the basis of comparison of
language skills with age-matched peers (Schwartz 2009). There are a number of
issues in making a diagnosis on the basis of such comparisons. Standardized tests
have recognised errors of measurement and comparing scores, in this way exacerbates
such errors. In addition using a measure of performance IQ in diagnosis raises social
issues of provision of services in terms of both models and funding (Leonard 1998).
The challenges in diagnosis and treatment of SLI are exacerbated by the paucity of
tasks available to measure specific skills and therefore both support identification and
our understanding of the underlying factors that contribute to the impairment.
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A number of theories have been proposed to explain the underlying deficit in SLI.
These have been broadly categorized into linguistic (grammatical) theories, and
cognitive (processing) theories. Grammatical accounts all propose that SLI involves
impaired grammar however they vary on the exact nature of the grammatical deficit,
the relative frequency of grammatical deficits, and whether other aspects of language
are also impaired (Rice & Wexler, 1996; Van der Lely, Rosen, & McClelland, 1998).
In addition to grammatical deficits however, children with SLI have been reported to
exhibit difficulties in a range of areas such as working memory, speech perception,
and analogical reasoning (Aguilar-Mediavella, Sanz-Torrent, & Serra-Raventos,
2002; Van der Lely et al., 1998). As a consequence, researchers have proposed that
the deficits observed in SLI may be the result of a limitation in information
processing capacity rather than a specific grammatical deficit (Leonard, 1998).
Processing accounts can be grouped into those that presume there is a generalized
deficit in processing capacity (Ellis Weismer, Evans, & Hesketh, 1999; Miller, Kail,
& Tomblin, 2001), and those that presume that a deficit in a specific processing
mechanism is responsible for the language impairment (Gathercole & Baddeley,
1990). Generalised processing theories suggest that children with SLI have a limited
capacity of resources available for information processing and storage. Miller et al.
(2001) demonstrated that children with SLI evidenced slower processing than
typically developing peers across a range of linguistic and nonlinguistic tasks. Ellis
Weismer et al. (1999) also found support for this theory with their finding that
children with SLI demonstrated greater deficits in working memory than normal
language peers. In light of these findings, Leonard et al. (2007) more recently
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suggested that generalised processing deficits may be further broken down into
deficits in processing capacity or processing speed. Deficits in processing capacity
may be the result of restricted space to process information, or restricted energy
available for processing information and is usually measured with tasks assessing
short term and working memory. Deficits in processing speed are often measured
using reaction time tasks.
In contrast to general language processing limitations, there have been a number of
theories which have proposed a limitation in a specific area of processing. These
arose from the observation that children with SLI have difficulty processing brief
auditory stimuli and stimuli presented in rapid succession (Leonard, 1998). This
finding suggests that impaired perception of speech may interfere with the
development of phonological representations, which in turn affects other aspects of
language including grammatical development.
One example of a specific processing theory is the proposal that children with SLI
have weak phonological processing skills which impacts on their ability to encode,
develop, maintain, store and access well-specified phonological representations. It has
been suggested (Joanisse & Seidenberg, 1998) that this deficit results in the
widespread difficulties observed in children with SLI, including difficulties with
grammar. For example, errors with past tense forms may be explained within this
theory as a difficulty storing or accessing a poorly specified phonological
representation for the morphemes.

17

Chiat (2001) proposed that the widespread impairment in language observed in SLI,
characterized by difficulties such as marking past tense, repeating nonwords and with
phonological awareness tasks might be explained by impaired phonological
processing skills that disrupt the mapping of phonological form onto meaning.
Mapping theory proposes that in order to learn language, children must segment the
incoming speech stream into individual words and morphemes, and with the support
of context, attach meaning to these segments (Chiat, 2001). While the child uses
prosodic cues to distinguish word boundaries they must then use context to make a
connection between the sounds they hear and the referent. Chiat (2000) notes that
children as young as nine months are able to point to a familiar item when named, and
to perform rehearsed actions such as clapping when asked. This indicates that even
prior to the emergence of single words typically developing children are able to map
between phonology and semantics as language develops.
The role of phonology in each of the specific processing theories above leads to the
suggestion that a weakness in the ability to process sound based information is at the
core of SLI. Therefore, in order to explore this further, it is vital that we develop an
understanding of how phonological information is processed.
Phonological processing
An early attempt to describe phonological processing is that presented by Wagner and
Torgesen (1987) who defined phonological processing as “the use of phonological
information in processing written and oral language” (Wagner & Torgesen, 1987,
p.192). In their framework, Wagner and Torgesen describe three separate constructs
which they combine into a core concept of phonological processing skills:
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phonological awareness, phonetic coding in working memory and phonological
recoding in lexical access. Phonological awareness is “explicit awareness of the
phonological structure of the words in one’s language” (Torgesen, Wagner, &
Rashotte, 1994, p. 276). Phonetic coding in working memory refers to the ability to
code the phonological features of language in memory (Torgesen et al., 1994).
Phonetic recoding in lexical access is the rapid retrieval of phonological codes from
the lexicon and is often measured using rapid automatised naming tasks (Torgesen et
al., 1994).
Phonological awareness and phonological representations are two closely related
concepts. The concept of a phonological representation is an abstract one; however
the term has been widely used to explain the storage of phonological information in
long-term memory (Sutherland & Gillon, 2005). Given that phonological awareness
allows a child to be aware of and reflect on the structure of a spoken word it can be
considered the ability to reflect on the structure of phonological representations.
Many researchers have studied the phonological processing skills of children with SLI
within the constructs described by Wagner and Torgesen (Torgesen et al 1994). It has
been consistently reported that children with SLI have significantly poorer
performance on phonological awareness tasks than typically developing peers
(Vanderwalle, Boets, Ghesquiere, & Zink, 2010). Children with SLI have also been
found to have difficulty with tasks that assess phonological memory, such as nonword
repetition (Archibald & Gathercole, 2006; Botting & Conti-Ramsden, 2001; Ellis
Weismer et al., 2000; Marton & Schwartz, 2003). In contrast, previous research has
indicated that children with SLI do not differ from age-matched peers on measures of
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phonological recoding in lexical access, as measured by the rapid naming of colours
and objects (Vanderwalle et al., 2010). This pattern of findings suggests that children
with SLI may have particular difficulty with the encoding and storing of phonological
representations a concept not directly addressed in the original work by Wagner and
Torgesen (1987), but that they are able to access well-learned representations as
quickly as their peers.
Phonological processing is a complex construct, which involves the dynamic
processing of information online. It is not a simple linear process and therefore in the
study of phonological processing skills, in all populations of children, it is important
to fully understand the nature and demands of the tasks used in the research. While
many studies have categorised the tasks according to the Torgesen et al. (1994) areas
described above, this does not address the commonalities and different processing
demands of the tasks themselves. It is important to consider these and map the
individual tasks to underlying theoretical frameworks in order to inform our
understanding of the processing strengths and weaknesses of children with SLI.
The current research utilises the speech processing model proposed by Stackhouse &
Wells, (1997) to explore the processing demands of assessment tasks. This model
(Stackhouse & Wells, 1997) consists of three components: a model of speech
processing, a speech processing profile and a developmental model. The combination
of these components allows clinicians and researchers to plan theory-driven
assessment tasks, and to consider the processing demands, including whether tasks
require input or output processing or both. Performance can then be interpreted in
terms of the developmental phases of the unfolding system.
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Input
When verbal information is received it is processed and held in working memory
while phonological representations are either accessed or developed (Stackhouse &
Wells, 1997; Sutherland & Gillon, 2005). Baddeley and Hitch (as cited in Gathercole
& Baddeley, 1990), propose a model of memory consisting of a central executive,
which oversees the allocation of attentional resources, and two modality specific
buffer systems – the visuospatial sketchpad and the phonological loop. The
visuospatial sketchpad is responsible for the integration of visual and spatial
information and the formation of a temporary representation (Baddeley, 2003).The
phonological loop is responsible for the temporary storage of verbal information,
particularly novel phonological input, while other cognitive tasks such as verbal
reasoning or auditory comprehension take place, and is often referred to as
phonological short term memory (Montgomery, Magimairaj, & Finney, 2010). It
comprises two parts - a temporary storage system, which holds the memory trace over
a few seconds, and a sub vocal rehearsal system which acts to maintain and refresh
the material in the store (Montgomery, 2000). It is widely believed that the
phonological loop plays an important role in processing input and the development
and storage of phonological representations in the lexicon (Montgomery et al., 2010)
The central executive plays an important role in the “coordination of the flow of
information throughout working memory” (Montgomery et al., 2010, p. 79). The
central executive and phonological loop must work together to ensure that incoming
information can be held in short term memory while phonological representations are
developed or accessed, drawing on working memory. The episodic buffer was later
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added to this model (Baddeley, 2000) and is believed to function as a temporary
storage device important in processing chunks of language. These processes result in
long term storage.
Just and Carpenter (1992) proposed a computational model of working memory,
which considered both the storage and processing functions of the working memory
system. This model focuses on the central executive and its role in allocating
resources according to task demands. The emphasis, is the trade-off between storage
and processing of information when the resources available are exceeded by the
demands of the task. This model suggests that capacity limitations constrain language
performance and therefore the ability to encode and store finely specified
phonological representations (Just & Carpenter, 1992) and suggests that “constraints
on working memory capacity should produce quantitative differences among
individuals in the time course and accuracy of their processing” (Just & Carpenter,
1992 p 128). It follows then that capacity limitations may constrain language
performance and therefore the ability to process, encode and store finely grained
phonological representations.
Storage (Lexical representations)
The store, or lexical representation, contains information about the meaning of a word
(semantic representation), the grammar of a word (grammatical representation), a set
of instructions for producing a word (motor program), and information about how to
read and write a word (orthographic representations), as well as a phonological
representation (information about the sound of a word) (Stackhouse & Wells, 1997).
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It is widely believed that “words are stored and organised in long-term memory
according to their phonological features” (Anthony et al., 2010, p. 970). These
representations must be well enough defined to allow a child to match previously
encoded sound patterns with new instances of the same sound pattern, but also allow
for the acoustic variability that occurs both within and between speakers of the same
language. Children must begin to form this representation of the sounds of words
from a very brief exposure, a process which is often referred to as fast mapping
(Fisher, Hunt, Chambers, & Church, 2001)
It is generally accepted that phonological representations are initially a holistic
articulatory gesture associated with the meaning of a word. These representations
become more distinct and better specified as vocabulary increases (Maillart,
Schelstraete, & Hupet, 2004; Snowling & Hulme, 1994). This process, known as
“lexical restructuring” continues until the representations consist of phoneme-sized
units, which is thought to occur with the acquisition of literacy (Maillart et al., 2004)
According to holistic theories, early phonological representations are believed to
contain only enough information to distinguish a word from another, and become
more specified and segmented as vocabulary increases (Walley, 1993). There is some
evidence that young children can distinguish similar sounding words and that their
representations may be partly phonologically specified, though it should be noted that
the tasks used in these experimental paradigms differ according to processing
demands (Mani & Plunkett 2007; White and Morgan 2008).
It has been proposed that low quality, poorly specified phonological representations
may affect many other aspects of language (Chiat, 2001; Joanisse & Seidenberg,
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1998). For example, Chiat (2001) suggests that development in the areas of
vocabulary and syntax relies heavily on phonological information being perceived
and represented accurately, and that phonological representations which are poorly
specified and imprecise may be the result of the phonological processing weaknesses
evident in SLI. Imprecise phonological representations may in turn be reflected in
weakness in phonological awareness, and difficulties in reading and spelling.
Output
In order to say a word the stored semantic representation must be activated and
retrieved from the lexicon and then the motor program retrieved. In the case of new
words which haven’t been stored in the lexicon, a new motor program is constructed
by selecting stored phonological units and assembling them in new combinations
while laying down a new representation. Once the motor program has been either
retrieved or constructed the various gestural targets must be assembled in real time
taking account of contextual requirements such as rhythm and intonation, as the word
is said aloud (Stackhouse & Wells, 1997).

Processing routes of phonological processing tasks.
Many tasks have been used to assess the three broad areas described by Wagner and
Torgesen draw on input and output processing skills and require access to lexical
representations to varying degrees. For example a rhyme judgement task “listen to
these words and tell me which ones rhyme” addresses the question at level D on the
speech processing profile Can the child discriminate between real words? However,
the same rhyme judgement task may be presented silently where the child is required
to look at three pictures and point to the two which rhyme, which now addresses the
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level F question on the speech processing profile Is the child aware of the internal
structure of phonological representations? Both require input processing but only the
second task requires access to lexical representations.
Nonword repetition tasks address the question at level J on the speech processing
profile; Can the child articulate speech without reference to lexical representations?
Although these tasks require verbal output they do not require the child to access
stored phonological representations, as the task requires online creation of a new
motor program. Many studies demonstrate that children with SLI have difficulty with
nonword repetition (Archibald & Gathercole, 2006; Botting & Conti-Ramsden, 2001;
Ellis Weismer et al., 2000; Marton & Schwartz, 2003) and it has been suggested that
difficulty in repeating nonwords may be a good phenotypical marker for SLI (Bishop,
North, & Donlan, 1996; Conti-Ramsden, Botting, & Faragher, 2001).
Rapid automatised naming (RAN) tasks address the question at level G on the speech
processing profile; Can the child access accurate motor programs? and are
considered to be a measure of phonological processing as it measures the rapid
retrieval of phonological codes from the lexicon. It has been suggested that slow
performance on RAN tasks may result from imprecise underlying phonological
representations which affect accessibility (Snowling, 2000) but difficulties at a
motoric level may also have an impact. Performance may therefore be affected by
speech output as well as more generally by slow access and processing speed (Wolf &
Bowers, 1999).
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Many existing measures allow assessment of input and output processing skills,
however one of the major limitations in both research and clinical practice with
children with SLI has been the lack of valid and reliable measures that allow more
direct assessment of phonological representations (the stored sound based
representations of words). Many of the tasks used to assess phonological
representations are expressive, and require verbal output. In order to explore the
quality and accuracy of a stored phonological representation, it is vital to include
those that attempt to measure stored phonological knowledge without requiring
speech output. While there has been the emergence of reports of such measures with
typically developing children and children with speech sound disorder (Sutherland &
Gillon, 2005), it is important to apply this method to children with SLI.
Given the acknowledged heterogeneity in the diagnostic group, another major
limitation in research into SLI has been the selection of participants. In many previous
studies the selection criteria have not been consistent, resulting in difficulties with the
interpretation of results. For example, selection criteria for SLI children in many
studies have been based on placement at a special language unit (Conti-Ramsden,
Botting, Simkin, & Knox, 2001; Conti-Ramsen, Crutchley, & Botting, 1997).
However, as reported by Gathercole (2006) many of the children in these units did not
meet the DSM-IV criteria for SLI. Use of stringent selection criteria for SLI is
fundamental in advancing our knowledge of the nature, underlying deficits, and
outcomes of SLI. In order to develop an understanding of the role and importance of
phonological processing skills in specific language impairment it is also crucial to
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match the typically developing participants to the SLI participants using stringent
criteria.

Aims and objectives
The current program of research adds significantly to the body of research about the
nature and underlying deficit in Specific Language Impairment. Many researchers
highlight the importance of phonological processing skills in developing, storing and
accessing the accurate phonological representations of lexical items required to
support the development of language. Previous research has been hampered by
inconsistent selection criteria used to select participants, as well as the selection and
interpretation of tasks. In order to explore processing theory and specifically the
phonological processing difficulties hypothesised to underlie and contribute
significantly to the profile of children with SLI, the aims of this program of research
were to: i) design and develop measures of phonological representations which do not
require a spoken response, ii) test the validity and reliability of the newly developed
measures with typically developing children, iii) use these within a broader and
systematically designed test battery with children with SLI who were carefully
selected in order to increase our understanding of how children with SLI process
phonological information.

Design of program of research
One of the objectives of this program of research was to include a well-defined group
of children with SLI who met the DSM-IV (Association, 1994) criteria for SLI, as
well as tightly matched control groups matched for chronological age and gender
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(age-matched), and receptive language skills and gender (language-matched). To
ensure that all criteria were met, all participants underwent a series of language and
cognitive tests.
In order to explore the accuracy of a child’s stored representation of a word, it is vital
to have tasks which require children to access stored phonological representations
without either hearing a word said, or being required to produce a speech motor
output. Such a task involves input processing, but minimal output processing, and
facilitates further analysis of processing skills. Thus, the first phase of the research,
Paper 1: (Claessen, Heath, Fletcher, Hogben, & Leitão, 2009) and Paper 2: (Claessen,
Leitão, & Barrett, 2010) involved the design and development of valid and reliable
silent tasks to analyse the quality and accuracy of stored phonological representations.
These measures add to our understanding of how phonological representations are
stored.
The second phase of the research, Paper 3:(Claessen & Leitão, 2012a) and Paper 4:
(Claessen, Leitão, Kane, & Williams, in press) involved using the newly designed and
validated measures as part of a battery of phonological processing skills to explore
how children with SLI process, store and access phonological information. In this
phase of the research, children with SLI were compared to both a group of agematched, and a group of language-matched peers.
A focus of this program of research has been to consider the processing demands of
assessment tasks using a psycholinguistic approach. There are a number of
psycholinguistic models of speech processing and these vary in how phonological
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representations are described. The final phase of the research Paper 5: (Claessen &
Leitão, 2012b) aimed to further explore the structure of the lexicon and consider
whether the same phonological representation was accessed for input and output
processing tasks. In order to do this, the same multisyllabic words were used as
stimulus items for both a judgment and a speech production task.
A summary of the content and findings of each of the published papers is presented
below.
Paper 1.
Paper 1, (Claessen et al., 2009) describes the development of the Quality of
Phonological Representations task (QPR). The aim was to develop a valid and reliable
measure of the accuracy of a stored phonological representation which can be
completed nonverbally.
The Quality of Phonological Representations is a computer-presented task which
requires a child to listen to a production of a multisyllabic word, judge the accuracy of
the production and indicate their response using a computer mouse. It thus measures
the accuracy of a stored phonological representation at the whole word level. The task
consists of ten multisyllabic words, which are well known to young children. Each
word is presented ten times, four productions are correct and six productions where
the word has been modified slightly. The child is presented with a picture of the item
and asked to judge “Is this a?” and to indicate their response using a computer mouse.
Participants in this study were 235 children attending a mainstream school, who were
assessed in their pre-primary year (average age 5 years 5 months). One hundred and
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seventy nine of these children were followed up two years later when they were in
their third year of formal schooling (average age 7 years 9 months).
The Quality of Phonological Representations task was shown to have adequate
reliability and concurrent validity and to be a cost-effective addition to a task battery
to identify children at risk of literacy difficulties in early school years.
Paper 2
Paper 2, (Claessen et al., 2010), describes the design and development of the Silent
Deletion of Phonemes task. The aim of this phase of the research was to develop a
measure of internal phonological representations which has adequate internal
reliability and concurrent validity with other measures of phonological processing.
The Silent Deletion of Phonemes task is unique. It requires a child to access a stored
phonological representation, without hearing the word spoken aloud, and then silently
delete a segment of the word and select the resulting word from an array of four
pictures. Thus the Silent Deletion Of Phonemes does not require input or output
processing of sound. It measures the child’s ability to reflect on the structure of their
own stored phonological representation, rather than one that they hear spoken. A
response is provided by pointing, and the processing demands are thus restricted to
accessing one’s own internal representation. Items range in difficulty from deleting
part of a compound word (delete ‘foot’ from ‘football’) to deleting an internal
phoneme from a final consonant cluster (delete the ‘n’ in ‘sand’).
The Silent Deletion Of Phonemes was administered to 69 (36 female and 33 male)
typically developing children ranging in age from 7; 2 – 8; 1 years, as part of a battery
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of phonological processing measures. Performance on the Silent Deletion Of
Phonemes was significantly correlated with other measures of phonological
processing and not with a measure of nonverbal intelligence.
The Silent Deletion Of Phonemes was shown to be a valid and reliable tool to assess
the quality of underlying phonological representations. It was concluded that the
Silent Deletion Of Phonemes is a useful addition to the phonological processing skills
assessment battery as it provides clinicians with information about the quality of
stored phonological representations which is not easily obtained using other clinical
tools. Such information supports clinicians’ use of psycholinguistic models to explore
where breakdowns are occurring in the speech processing process and therefore to
plan targeted intervention.
Papers one and two describe phase one of the program of research, the development
of two silent measures of phonological representations which did not require a spoken
response. Phase two of the research focuses on using the newly developed tasks to
explore the profile of phonological processing skills in a well-defined group of
children with Specific Language Impairment.
Paper 3.
The aim of the study reported in paper three (Claessen & Leitão, 2012a) was to
explore the quality of phonological representations in children with Specific
Language Impairment (SLI), as compared to AM and LM peers. The specific
hypothesis for this paper was that children with SLI would perform significantly
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worse on measures of phonological representations and phonological awareness than
age-matched and language-matched peers.
Participants reported in this paper were 21 children with SLI with an average age of 7;
7 (range 6; 10 – 8; 0). Two groups of typically developing participants were also
recruited. Twenty-one typically developing children matched for gender, year of
schooling and age were recruited as an age-matched group and 21 typically
developing children matched for receptive language skills with an average age of 5; 5
(range 4; 11 – 5; 11) were recruited as the language-matched group.
Measures used in this study were the two measures of phonological representations
developed in phase one of the research, the Quality of Phonological Representations
task (Claessen et al., 2009) and Silent Deletion of Phonemes task (Claessen et al.,
2010). The Sutherland Phonological Awareness Test (SPAT) (Neilson, 2003) was
selected as the measure of phonological awareness as it is used widely in clinical
practice in Australia.
The AM children demonstrated significantly stronger performance than the SLI
children on all tasks. On the Silent Deletion Of Phonemes and Phonological
Awareness measures both the AM group and the SLI group performed significantly
better than the LM group. However on the Quality of Phonological Representations
task, the SLI group performed significantly more poorly than either the age-matched
or language-matched group. There was no significant difference between the typically
developing participants of either age, on the Quality of Phonological Representations
task.
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As predicted the AM group had significantly better performance on all measures than
the SLI group. However the comparison between the SLI group and the LM group
was interesting. Both the Silent Deletion Of Phonemes and Phonological Awareness
tasks rely on early literacy skills, and therefore the difference in years of schooling,
and consequently literacy education, may explain this finding. The relatively strong
phonological awareness skills of the SLI participants may have supported their
performance on the SDOP task. The significant difference on the Quality of
Phonological Representations task supports the hypothesis that children with SLI
have lower quality stored phonological representations than typically developing
children even those younger children matched for receptive language skills. This
finding provides some support for the theory that children with SLI have a weakness
in the ability to store/process sound based information.

Paper 4.
The aim of the study reported in paper four (Claessen et al., in press) was to build on
the initial phases of the research and use a psycholinguistic model of speech
processing to explore how children with SLI store and access phonological
information, and compare the processing demands of tasks commonly used to
measure phonological processing skills. In this phase of the research, tasks were
selected based on the Stackhouse and Wells (1997) speech processing model. A
comprehensive battery of phonological processing skills was utilised, incorporating
both commonly used measures of rapid naming, short-term and working memory and
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phonological awareness, as well as tasks designed to measure the quality of stored
phonological representations.
The specific hypothesis for this study was that the profile of phonological processing
skills would be different for children with SLI, typically developing children matched
for age, and typically developing children matched for language. Participants for this
paper were the same as those reported in paper 3.
The research hypothesis was supported with the children with SLI demonstrating a
different profile of phonological processing skills to both groups of typically
developing children. The pattern of results varied across tasks, and are summarized in
table 1.
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Table 1 Summary of findings from paper 4.
AREA

MEASURE

RESULTS

Phonological

Sutherland Phonological

AM significantly better than SLI and

awareness

Awareness Test (SPAT)

LM.

(Neilson, 2003).
SLI significantly better than LM.
Short-term memory

Number repetition subtest of

AM and LM significantly better than

CELF-IV (Semel, Wiig, &

SLI.

Secord, 2003).
Nonword repetition (Dollaghan

AM significantly better than SLI.

& Campbell, 1998)
No significant difference between SLI
and LM.
Working memory

Number repetition backwards

No significant difference between AM

subtest of CELF-IV (Semel et

and SLI.

al., 2003)
SLI and AM significantly better than
LM.
The Competing Language

AM significantly better than SLI.

Processing Task (Gaulin &
Not administered to LM.
Campbell, 1994).
Rapid naming

Rapid naming objects subtest of

AM significantly better than SLI and

the Comprehensive Test of

LM.

Phonological Processing.
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(Wagner, Torgesen, & Rashotte,

SLI significantly better than LM.

1999).

Phonological

Quality of Phonological

AM and LM significantly better than

representations

Representations (Claessen et al.,

SLI.

2009)
No significant difference between AM
and LM.
Silent Deletion Of Phonemes

AM significantly better than SLI, and

(Claessen et al., 2010)

LM.
SLI significantly better than LM.

The findings reported in paper four provide some support for the theory that a deficit
in phonological processing skills may be a strong contributor to the underlying deficit
in SLI. Of particular interest was the difference between groups on the digit repetition
task and the QPR. These results suggest that deficits in short term phonological
memory may have impacted on the ability to develop precise phonological
representations for multisyllabic words.
Paper 5.
Psycholinguistic models vary in how phonological representations are described. In
some models, no distinction is made between input and output phonological
representations (Griffiths & Snowling, 2001). In others (Monsell, 1987; Stackhouse &
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Wells, 1997), separate, but linked, phonological representations are proposed for
speech input and output. In the Stackhouse and Wells (1997) model the output
phonological representation is termed called the motor program. The final phase of
the program of research is reported in paper five (Claessen & Leitão, 2012b) which
aimed to explore the structure of phonological representations, and consider whether
the same stored phonological representation is accessed for input and output speech
processing tasks or whether these draw on separate phonological representations. One
unique aspect of paper five was the use of the same multisyllabic word stimulus items
for both the input and output speech processing tasks. In this phase of the research
children judged the accuracy of heard productions of multisyllabic words. They were
later asked to name each item as a production task. It was hypothesised that there
would be a correlation between the ability to name an item and judgment of the
accuracy of a spoken production of the word which would suggest a single
phonological representation accessed for both input and output phonological
processing tasks. It was also hypothesised that children with SLI would have poorer
performance on the speech output task than typically developing peers, but that their
performance would not be significantly different to younger children matched for
receptive language skills.
Participants in this phase of the research were the same sixty three children who
participated in the study reported in papers three and four. The QPR task (Claessen et
al., 2009) was used as the input processing measure. Following administration of the
QPR, the output processing task was administered, which required each child to name
the ten multisyllabic words from the QPR task.
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When semantic accuracy was considered (i.e. whether the child knew the name of the
word), there was no significant difference between the groups, with all children
knowing the names of each item. When phonological accuracy was considered
however, there was a significant difference between the LM group and both the SLI
and AM groups. The LM group had significantly weaker performance than either the
AM or SLI groups. Given that the LM group is, on average two years younger than
the other groups, this finding is not surprising.
In contrast to our hypotheses, there was no correlation between the ability to name an
item and judgment of the accuracy of a spoken production of the word, for any group.
This finding suggests separate input and output phonological representations and is
consistent with speech processing models such as Monsell (1987) and Stackhouse and
Wells (1997) which propose separate phonological representations.
The papers outlined above are presented as chapters 2-6 of this exegesis. Chapter
seven then provides an overall summary of the findings, and discusses theoretical and
clinical implications of the research program
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Paper 1: Claessen, M., Heath, S., Fletcher, J., Hogben, J., & Leitão, S. (2009). Quality
of phonological representations: A window into the lexicon? International Journal of
Language & Communication Disorders, 44(2), 121-144.
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Abstract
Background: There is a great deal of evidence to support the robust relationship
between phonological awareness and literacy development. Researchers are
beginning to understand the relationship between the accuracy and distinctiveness of stored phonological representations and performance on phonological
awareness tasks. However, many of the tasks currently used to assess the
integrity of underlying representations are confounded by requiring spoken
output.
Aims: This paper describes the development of the Quality of Phonological
Representations (QPR) task, a task that does not require speech output, and its
evaluation in the context of a larger study examining predictors of literacy
outcomes in Western Australia.
Methods & Procedures: The QPR task was given as part of a larger task battery to a
cohort of 235 mainstream children in the last term of their Preprimary year
(average age55;5) and to 179 children at follow-up at the end of Year 2 (average
age57;9).
Outcomes & Results: Normative data for both accuracy and reaction time are
presented in percentile tables (appendix B). In their Preprimary year, children
were able to identify correct productions of multi-syllabic words (hits) on
average 87.5% of the time, rising to an average of 93.8% in Year 2. As expected,
children became quicker at making these judgements, reaction time shifting
from an average of 1.1 s in Preprimary to 0.83 s in Year 2. A similar pattern was
observed with the data for correct rejections. To make these judgements, the
children had to identify a pseudo-word as an incorrect pronunciation by ‘Katie
the computer’. In the Preprimary year, children were able to reject correctly the
pseudo-words on average 68.5% of the time, rising to an average of 81.7% in
Year 2. As expected, children became quicker at making these judgements,
Address correspondence to: Mary Claessen, Human Communication Science, School of Psychology,
Curtin University of Technology, GPO Box U1987, Perth, WA 6845, Australia; e-mail:
M.Claessen@curtin.edu.au

International Journal of Language & Communication Disorders
ISSN 1368-2822 print/ISSN 1460-6984 online # 2009 Royal College of Speech & Language Therapists
http://www.informahealthcare.com
DOI: 10.1080/13682820801966317

122

Mary Claessen et al.
reaction time shortening from an average of 1.4 s in Preprimary to 0.81 s in Year
2. The QPR task was shown to have moderate reliability and concurrent validity.
Conclusions: The QPR task appears to be a useful and cost-effective addition to
task batteries aiming to identify at-risk children in the early stages of schooling.
The ability to profile children’s phonological awareness skills and gain insight
into their underlying phonological representation skills allows more informed
goal setting and intervention planning.
Keywords: phonological representations, phonological awareness, assessment,
literacy development.

What this paper adds
There is a great deal of evidence to support the robust relationship between
phonological awareness and literacy development. Researchers are also
beginning to understand the relationship between the accuracy and
distinctiveness of stored phonological representations and performance on
phonological awareness tasks. Many tasks currently used to assess the integrity
of underlying representations are confounded by requiring spoken output.
This paper outlines the development of the Quality of Phonological
Representations (QPR) task, a task that does not require speech output.
This allows one to ‘open the window’ into the lexicon and measure the
accuracy and integrity of the underlying phonological representation. Profiling
both children’s phonological awareness skills and their underlying
phonological representation skills allows more informed goal setting and
intervention planning.

Introduction
There is a great deal of evidence to support the robust relationship between
phonological awareness (PA; the explicit awareness of sounds in words) and literacy
development (Wagner et al. 1994). The ability to reflect on the sound structure of
words, analyse and manipulate these sound segments and map sounds to letters
forms a strong foundation for developing literacy (Gillon 2004). Difficulties with PA
are considered a core deficit in many children with reading disabilities (Catts et al.
2002).
As a result, a large body of research over the past 20 years has investigated the
identification of children demonstrating difficulties in PA before the beginning of
reading (e.g., Liberman and Shankweiler 1985, Gillon 2004, Snowling 2000a).
Lonigan et al. (2000) studied the predictive significance of emergent literacy skills in
two samples of children (mean age 41 months and 60 months) by following them
from late preschool to early grade school. In this study, measures of PA and letter
knowledge were shown to be unique predictors of subsequent decoding skills. Catts
et al. (2001) found a measure of PA in the American Kindergarten year (i.e., 5 year
olds) was one of five measures that predicted the presence of a reading disability in
grade 2. Hogan et al. (2005) demonstrated that a measure of PA in the kindergarten
year accounted for unique variance in reading skills in grade 2 beyond that
accounted for by letter identification tasks. Cost-effective prediction of reading
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difficulties using PA in this age group was investigated in Western Australia by
Heath and Hogben (2004). A brief screening procedure which began by assessing
PA in all 5-year-old children, then following up those who fell in the bottom quartile
of the PA distribution on measures of sentence recall, age, sex and parents’
educational levels was shown to prospectively identify 80% of poor readers at the
end of Year 2 (Heath and Hogben 2004).
A smaller body of research has investigated the development of PA and literacy
skills in children with speech and language impairments (Snowling 2000b). This
group of children has been shown to be at increased risk of literacy difficulties,
making early identification even more critical (Stackhouse and Wells 1997b, Leitão
et al. 2000, Leitão and Fletcher 2004, Nathan et al. 2004). However, not all children
with speech and language impairment have limited PA skills or go on to develop
literacy difficulties (Dodd and Gillon 2001, Hesketh 2001).
Although the evidence for PA as a central predictor for literacy is extremely
strong in children with speech and language difficulties, what is still unsure after all
this research is which preschoolers with poor PA will go on to develop literacy
problems. Clinicians, educators and researchers need to be able to identify at an early
age those speech and language impaired children who are at increased risk in order
to plan appropriate effective and evidence based intervention.
Within both these bodies of research, which explore the development of PA in
the typically developing population and in children with speech and language
impairments, evidence is emerging that attests to the importance of phonological
representations in supporting the development of PA skills and hence the
development of reading and spelling (Carroll and Snowling 2004).
Phonological representations
Phonological representations can be defined as the sound based codes associated
with words, and the storage of this phonological information in long term memory.
In the early stages of language development, a child is considered to associate a
holistic, articulatory gesture with the meaning of a word. With the rapid growth of
vocabulary, it is hypothesized that this storage becomes unwieldy, driving the stored
‘code’ to take on a segmental nature, with progressively smaller units being stored
until the representations contain phoneme-sized units (Fowler 1991, Walley 1993,
Metsala and Walley 1998). This process has been called lexical restructuring and is
thought to continue to develop up to 8 years of age.
Researchers are beginning to understand the relationship between the accuracy
and distinctiveness of stored phonological representations and performance on PA
tasks. Problems in establishing accurate, distinct and fine-grained phonological
representations in long-term memory are considered a key factor in accessing sublexical units (i.e. developing PA) and learning the alphabetic principle (Elbro 1998).
PA tasks have been interpreted as in some way providing researchers with a ‘window
into the lexicon’, shedding light onto the segmental nature and accuracy of the
stored, underlying representations (Claessen et al. 2004). Poorly specified
representations will impact on the development of awareness of the sounds within
the words, thus predicting performance on measures of PA. Poor quality
representations may also impact on a child’s ability to use phonological information
in reading and spelling (Sutherland and Gillon 2005). Evidence has also been found
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to support the notion of less mature phonological representations in children with
dyslexia (Boada and Pennington 2006).
The impact may be greatest for those children whose speech and language
impairment is characterized by underlying difficulties in processing phonological
information and who have laid down poorly specified or even inaccurate
representations. The literature describes clinical examples of imprecise word
productions and multi-syllabic word repetition considered to result from ‘fuzzy’
underlying phonological representations and motor programmes (Catts and Kamhi
1999, Leitão 2003). This group of children is described as experiencing increased
difficulty with literacy development even after their speech output difficulties have
resolved and their language skills appear to be functioning within the normal range
(Nathan et al. 2004).
Measuring the quality of phonological representations
A review of the literature uncovers a range of innovative ways in which researchers
have tackled the task of assessing the integrity of phonological representations.
These include: naming, non-word repetition, gating, making judgements and
corrections, and auditory lexical decision tasks.
The work of Stackhouse and Wells (1997a, 2001), whose speech-processing
model as shown in figure 1, provides a framework to consider the processing
demands of assessment tasks can be used to interpret the tasks (Stackhouse and
Wells 1997a, 2001). The model provides a visual representation of the input
processing, lexical representations and output processing involved in processing and
producing words (Stackhouse and Wells 1997a).
The speech processing profile (figure 2) is a tool used to pose a series of
questions and allow assessment data to be organized into a summary profile of a
child’s strengths and weaknesses based on the model (Stackhouse and Wells 1997a).
Level E, which asks the question ‘Are the child’s phonological representations
accurate?’ is concerned with collecting data on a child’s underlying representations
of a word, the step we are aiming to investigate.
As we outline the different types of tasks from the literature that have been used
to assess the integrity and quality of underlying phonological representations, we will
explore the difficulties in isolating the level of processing affected by the task
demands, and the confounds present in the different types of tasks.
Naming
There are two main types of naming tasks: the confrontation picture naming task
and the speeded naming task (Swan and Goswami 1997). The confrontation picturenaming task involves the presentation of pictures of objects, ranging from the more
common to the less common. These tasks measure retrieval of phonological
information coded and stored in long term memory. The speeded naming task
involves the presentation of pictures of common objects, colours, numbers or
letters. The presentation of these stimuli can be in a rapid alternating form or in a
discrete trial format. The stimuli are all highly familiar, thus the tasks measure the
speed with which the child is able to retrieve over-learned symbolic information
from memory (Swan and Goswami 1997). Naming tasks have been used in children
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Figure 1. The speech processing model. Source: Stackhouse and Wells (1997a). Copyright: John Wiley
& Sons Ltd. Reproduced with permission.

with dyslexia as an indicator of potential weakness in storage and access of
phonological representations (Elbro 1998, Snowling et al. 1988).
The processing route taken by naming tasks starts with accessing the semantic
representation stimulated by the presentation of a picture which then triggers the
existing motor programme (figure 1). Accuracy is therefore influenced by picture
recognition (involving visual processing) and semantic knowledge. In addition,
inaccurate production of the label may reflect an inaccurate phonological
representation and/or stored motor programme and/or difficulties at a motoric
level. Performance on naming tasks may therefore be affected by speech output
difficulties.
Non-word repetition
The non-word repetition tasks require a child to hear and then immediately repeat a
series of nonsense or pseudo-words. Researchers have shown that the phonotactic
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Figure 2. The speech processing profile. Source: Stackhouse and Wells (1997a). Copyright: John Wiley
& Sons Ltd. Reproduced with permission.
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probability of the non-word, affects the repetition latency, accuracy and duration
(Vitevich and Luce 1999, Munson et al. 2005). Edwards et al. (2004) reported that the
sequences of phonemes found very rarely in real words were repeated less accurately
and that the decline was correlated more strongly with vocabulary than with age.
They hypothesized that as vocabulary increases, a more refined, segmented
representation is required to differentiate a word from its neighbour, as
neighbourhood density will increase in parallel with the development of vocabulary.
Munson et al. (2005) proposed that with the development of vocabulary, children
become more able to perceive phonemes as separate from the words in which they
occur. In other words, they develop the more distinct representations that are
required for literacy development.
Difficulties performing non-word repetition tasks may therefore reflect poor
encoding skills and in consequence, the distinctness of a stored representation.
However, as they require the participant to produce a non-word, performance can
also be affected by problems with writing new output motor programmes, and/or
speech output difficulties which may reflect speech output constraints even for
children who do not present with a speech disorder (figure 1).
Gating
The gating paradigm developed by Grosjean (1980) involves the identification of
words from increasingly longer segments of the acoustic signal and has been used by
a number of researchers in this area to investigate perception and recognition of
spoken words (Grosjean 1980, Boada and Pennington 2006). Wesseling and Reitsma
(2001) investigated the quality of underlying phonological representations and the
development of reading skills in Dutch children aged 5–6 years using a gating task as
part of their battery. The inconsistency in gating task performance was interpreted
to reflect that these tasks were not suitable to use as a measure of quality of
phonological representations.
Performance on gating tasks, while testing the quality of a child’s underlying
phonological representations, may also be affected by weaknesses in auditory input
and discrimination. In addition it may be influenced by difficulties accessing the
underlying phonological representation and, again, by speech output difficulties
(figure 1).
Judgement
Tasks that require children to make judgements about the accuracy of another’s
production, go some way towards tapping into underlying representations without
the contamination of a verbal response. An innovative task by Elbro (1998) designed
to examine the distinctness of phonological representations, involved children
judging and correcting a puppet’s production of multi-syllabic words. The children
were told that the puppet had some speech difficulties and their job was to teach the
puppet the most distinct pronunciation of a series of multi-syllabic words. This task
was shown to predict performance on PA and reading tasks at age 8 years and was
hypothesized to provide information on underlying representations. By requiring a
verbal response, however, performance could be affected by speech output
difficulties (figure 1).
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Lexical decision

In order to investigate the integrity of a child’s underlying phonological
representation, to open the ‘window into the lexicon’, we need to develop a
judgement task that minimizes output requirements. The processing route should
entail a child accessing and reflecting on the accuracy of their underlying
phonological representations without requiring a verbal response. This type of task
addresses Level E on the Stackhouse and Wells (1997a) speech processing profile
by asking: ‘Are the child’s representations accurate?’ (figure 2).
The child is asked to judge if a spoken word matches the name of the object they
see depicted on the screen. The presumed processing route first requires activation
of the visual recognition system to identify the single picture (e.g. helicopter). The
semantic representation is then accessed. The lexical decision involves comparison
of the child’s stored phonological representation of the word with the heard spoken
stimulus. As the child’s response is non-verbal, the impact of speech output
difficulties is minimized.
Tasks such as the auditory detection of speech errors task (Locke 1980) have
been used previously to explore this question. The examiner creates a list of words
specific to a child: the target word (e.g. ‘car’), the typical error produced by the child
(e.g. ‘tar’) and a control word (e.g. ‘sar’). The child is presented with a randomized set
of these ‘words’ spoken by the examiner who asks e.g. ‘Is this a ‘‘tar’’?’ Data are
gathered to inform the clinician as to whether the child can hear the difference
between their production and the target. Similarly, a lexical decision task was
described by Crosbie et al. (2002) which aimed to assess a child’s ability to identify a
string of speech sounds as a familiar word or reject it as an unfamiliar string. This
was considered to tap stored word phonology by requiring a child to discriminate
the heard string and compare it with stored phonological representations (Crosbie
et al. 2002).
Recent work by Sutherland and Gillon (2005, 2007) used an accuracy judgement
task with children with speech impairment. The task required the participants to
decide if a spoken word was a ‘good’ or ‘not a good’ way of saying the target word
when they were presented with pictures of the target and heard a pre-recorded
production of the word. The results demonstrated that preschool children with
speech impairment experienced more difficulty making such judgements than a
group of children without speech impairment. The judgement task was shown to be
positively correlated with other areas known to influence literacy development such
as vocabulary and letter knowledge (Sutherland and Gillon 2005). The authors
suggested that task sensitivity could be improved by further fine-tuning of the
stimulus items using information on known areas of weakness in children’s
developing phonological systems. This would require the children to make
judgements about words using their own error productions, similar to those
required in the Locke task described above (Locke 1980).
The findings described above provide support for the further development
and use of receptive judgement tasks, as recommended by Sutherland and
Gillon (2007). Tasks designed to minimize potential confounding factors allow a
researcher or clinician to make more confidently inferences about the accuracy
and integrity of the underlying phonological representations — reflecting their
quality.
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Speed of processing
In addition to exploring quality, researchers have also turned their attention to the
accessibility of the underlying phonological representations. In other words,
representations should be not only fine-grained and accurate, but access to the word
should be quick and efficient.
Rapid naming tasks are used to time retrieval of phonological codes and many
studies have documented the difficulties experienced by poor readers in rapid
naming (Catts et al. 2002). Rapid automatized naming tasks have also been shown to
be a strong predictor of reading outcomes (Felton and Brown 1990). It has been
suggested that slow performance on RAN tasks may result from imprecise
underlying phonological representations which affects accessibility (Snowling
2000a), or more generally from slow access and processing speed (Wolf and
Greig Bowers 1999).
Slower responses may reflect an inaccurate phonological representation and/or
stored motor programme but also difficulties at a motoric level. Performance on
these tasks may therefore be affected by speech output difficulties as well as possible
speed of processing issues.
Timing children’s responses on task items such as during lexical decision tasks
has been suggested as a means of providing valuable information on accessibility of
underlying representations (Sutherland and Gillon 2005). Fawcett and Nicolson
(1994) compared children with dyslexia with age- and reading age-matched controls
and carried out a series of response time tasks. Children with dyslexia did not differ
from controls on simple response time tasks but were significantly slower on
selective choice and a lexical decision task (which required children to judge a word
as real or a non-word). However, as yet, there are no reported tasks which collect
both accuracy and latency data, and hence can provide insight into the quality and
accessibility of underlying phonological representations.
Aims
As a consequence of these established needs, the current study aimed to do the
following:
(1)

(2)
(3)
(4)

Develop a Quality of Phonological Representations (QPR) task that
limited the confounds of production by requiring no verbal output from
the child; fine tuned the stimulus items by systematically varying the
vowels and consonants in the design of the pseudo-words used in the task;
measured latency of response in addition to accuracy in order to provide
information on accessibility as well as quality of the underlying
representation.
Provide norms for the QPR task for children in Preprimary and Year 2.
Establish the reliability and stability over time of the QPR task.
Establish the concurrent and criterion validity of the QPR task.

Aims (2)–(4) were addressed within the context of a larger study examining
predictors of literacy outcomes in Western Australia. The Catch Them Before They
Fall project (Heath et al. 2006a, b) was designed to validate and fine tune the
screening approach suggested by Heath and Hogben (2004) to identify children at
risk for literacy difficulties.
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Methods
Deloping the QPR task

Pilot testing in a group of mainstream children generated a list of twelve multisyllabic words which were highly imageable and familiar to children of that age,
Clipart pictures and hand drawn sketches were sourced for each word and these
were stored electronically.
For each multi-syllabic word, a range of pseudo-words was generated by varying
the consonants for place, manner and voicing, and varying vowels across the
following dimensions: high–low, front–back and long–short. In addition, based on
clinical experience, some commonly heard childhood productions of multi-syllabic
words were included for example basgetti (b?zgeti) and binocliars (b?n??kli?z). This
resulted in a list of 240 pseudo-words from which the final selection of 72 pseudowords (six for each of the twelve multi-syllabic words) was made. (See appendix A
for a complete list of stimulus items.)
The QPR task used a laptop computer to present children with pictures of the
multi-syllabic words. The children were required to judge correct or incorrect
productions of the words by selecting a tick or a cross on the computer screen. No
verbal response was required. For each stimulus item, the child heard four correct
productions and six pseudo-words. These real words and pseudo-words were
digitally recorded by an Australian, monolingual, female speaker, and stored as WAV
files using Cool Edit software.
A computer program was written using Matlab to randomly present each picture
and word combination and, on computer mouse click, both accuracy and reaction
time were collected and stored for later analysis.
Evaluating the QPR task
Participants
Participants were recruited as part of the Catch Them Before They Fall project. A
stratified sample frame was constructed to represent as closely as possible
mainstream schools across the Perth metropolitan area (Western Australia) on the
basis of education district, socio-economic level and school size. A random selection
of schools within each stratum was invited to participate in the study. Schools were
asked to allow one whole class of Preprimary children to participate (or in schools
with multiple Preprimary classes, the equivalent number of children from across
their total Preprimary enrolment). This yielded a sample of 241 children with an
average age 5,5 (0.25) when the study commenced in the middle of the children’s
Preprimary year. By the time testing on the QPR task began, six students had moved
to other schools, leaving 235 participants in this study (114 males and 121 females),
of which 31 were identified as having English as a Second Language backgrounds.
These children were not excluded as we wished to determine the usefulness of the
QPR task across a range of Preprimary children. All testing for the project was
carried out within the literacy education programmes of participating schools except
for the measurement of non-verbal abilities, for which parents gave their consent.
Non-verbal ability testing was completed at the commencement of Year 1, then 179
of the participants were followed up in Term 4 of Year 2 when their average age was
7,9 (0.25). Some participants were unable to be followed up as they had moved to
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schools outside the metropolitan area, interstate or overseas or otherwise were not
able to be traced (retention rate50.76).
Detailed characteristics of the sample reported by Heath et al. (2006b) indicate
that measures of central tendency and variance for key standardized variables
including performance IQ and oral language were within the expected range.
Psychometric testing
The Catch Them Before They Fall test battery included measures of language,
intelligence, PA, phonological processing and early literacy skills, descriptions of
which are detailed in Heath et al. (2006b). Tasks relevant to the current paper were
measures of PA and quality of phonological representations. These variables were
assessed in Terms 3 and 4 of participants’ Preprimary year and again in Terms 3 and
4 of Year 2. All participants were individually tested in a quiet area of their own
school.
Phonological awareness was measured by the Sutherland Phonological Awareness
Test — Revised: Form A (SPAT-R; Neilson 2003). The SPAT-R is a simple yet
thorough standardized test that provides a diagnostic overview of the PA skills
required for early literacy development. The test assesses awareness of syllables,
onset/rime, and phonemes, including blends or clusters. Tasks involve identification, blending, segmenting, and phoneme deletion. The SPAT-R is normed on an
Australian sample and provides percentile scores. This standardized measure was
administered according to the test instructions and both raw scores and standard
scores were entered into our data analyses.
Quality of phonological representations was measured by the QPR task. This task was
administered using an Acer Travelmate 4150. Children were trained on the two least
familiar stimulus items (boomerang and ambulance). The ten productions of each of
the ten test stimuli (correct and pseudo-words) were then presented randomly.
For each item, a picture was presented on the computer screen. Simultaneously,
the child heard through headphones ‘Is this a _________?’ followed by either a
word or pseudo-word. The child indicated his/her response by using a mouse to
click on either a red cross for ‘no’ or a green tick for ‘yes’. Items were presented
once and rate of presentation was controlled by the experimenter who was seated on
the child’s right.

Figure 3. An example of what the child would see on the computer screen on any given trial.
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Results
Description of children’s performance on QPR

Accuracy data were recorded and categorized in the following way (figure 4) using a
signal detection rationale (Maillart et al. 2004).
The data of interest in this design are hits and correct rejections. Accuracy for
hits yielded a total out of 40, and correct rejections were scored out of 60. The raw
scores were converted to percentages. Reaction time was recorded in seconds. Each
child’s median reaction time for the relevant set of trials was calculated. Group mean
accuracy and reaction time data are reported in table 1.
Both Preprimary and Year 2 distributions for hits were heavily negatively skewed
because, as we might expect, a lot of the children were already able to make very
quickly and accurately, the easier judgement of whether a correct pronunciation was
correct or not.
The distributions for correct rejection of an incorrect pronunciation more
closely approximated normality, though once again they were shifted towards the

Figure 4. Response categories for Quality of Phonological Representations (QPR) accuracy.
Table 1. Descriptive statistics for Quality of Phonological Representations (QPR) task
accuracy and reaction time
Preprimary (n5235)

Year 2 (n5179)

Mean

SD

Range

Mean

SD

Range

Response type (%)
Hits
Correct rejections

87.5
68.5

11.6
18.5

22–100
3–93

93.8
81.7

7.0
11.2

50–100
25–98.3

Reaction time (s)
Hits
Correct rejections

1.1
1.4

0.6
0.6

0–3.5
0.3–4.3

SD, standard deviation.

0.83
0.81

0.37
0.31

0.1–2.3
0.3–2.1
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high performance end. Even so, the correct rejection data did give a very good range
of scores in the tail suggesting that these two measures were discriminating among
the children of most interest in the present study (i.e., those performing badly
because they are drawing on the poorly resolved mental representations). For this
reason, it seemed most parsimonious to focus our remaining analyses on the correct
rejection accuracy and latency data. Norms for accuracy and latency of correct
rejections for children in Preprimary and Year 2 are provided in appendix B.
To determine if the quality of children’s representations had improved
significantly with development and with exposure to literacy education, between
Preprimary and Year 2, paired samples t-tests were carried out on the correct
rejection data. Children had become significantly more accurate: t(174)510.36; and
took significantly less time: t(174)512.14; to make the judgements required, with
both t-values significant at p,0.001. Distributions were of course more heavily
negatively skewed, but as can be seen from table 1, there were still some children
who performed very poorly on this task.
Reliability of QPR task
Cronbach’s alpha (a) was calculated to determine the internal consistency of the
QPR task. For the Preprimary sample, a50.93, and for Year 2 it was 0.84, reflecting
strong internal consistency (Pring 2005).
We also considered the stability of the task within individual children during the
beginning period of literacy instruction. We found moderate stability over time for
both accuracy and latency of correct rejection (r50.43 and 0.32, respectively,
p,0.001). Interestingly, children’s performance over time in PA as measured by the
SPAT-R from Preprimary to Year 2 showed a similar degree of stability (r50.44,
p,0.001). We used cross-tabulation to determine the likelihood of children who
began school with poor QPR remaining that way. We found that Preprimary
children in the bottom quartile for correct rejection accuracy had a 0.41 chance of
still being in the bottom quartile at the end of Year 2, compared with children in any
of the three top quartiles, who had only a 0.16 chance of becoming that weak by the
end of Year 2: x2 (1)512.50, p,0.001. Thus, weakness in this area seems to be a
relatively stable characteristic.
Concurrent and construct validity
We were unable to measure concurrent validity in the true sense, because there was
no previous, satisfactory measure of quality of phonological representations.
However, on the basis of the literature reviewed above, we reasoned that correct
rejection of a pseudo-word — an incorrect pronunciation, requires well-specified
phonological representations. If a child has better quality representations, these
would also arguably lead to better PA. Therefore, we might expect performance on
the correct rejection judgement to be related to PA. The SPAT-R, an accepted
measure of PA, was used to provide us with data to use to measure construct validity
of the QPR.
Using a correlation approach, we found a modest relationship between
Preprimary accuracy of correct rejections and SPAT-R score after controlling for
performance IQ (r50.37, p50.001). The relationship between latency for correct
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rejections and PA was somewhat weaker (r50.23, p50.001). These relationships
were less strong in Year 2: correct rejection accuracy versus SPAT-R (r50.19,
p50.015); and correction rejection reaction time versus SPAT-R (r50.11, n.s.).
However, we do not think that correlation analysis fully captures the complexity of
the relationship between quality of the underlying phonological representation and
PA. The literature predicts the likelihood that the relationship will be stronger in one
direction than the other — in other words, that quality of phonological
representations is likely to predict PA skills (Elbro 1998, Gillon 2004).
Cross-tabulation analysis quantified this predicted relationship better. Table 2
shows that Preprimary children falling in the bottom quartile of the correct rejection
accuracy distribution had a two in three chance of being in the bottom quartile on
the SPAT-R distribution, but only a one in 20 chance of being in the top quartile. In
contrast, children falling in the top three quartiles on this measure had an
approximately equal chance of being in any of the four quartiles of the SPAT-R
distribution.
For correct rejection reaction time, children in the bottom quartile had a four
times better chance of also being in the bottom quartile on the SPAT-R distribution
(0.40) than of being in the top quartile (0.10). Once again, children falling in the top
three quartiles on this measure had a fairly equal chance of being in any of the three
top quartiles of the SPAT-R distribution.
Conversely, children falling in the bottom quartile of the SPAT-R (table 3), had a
52% chance of being in the bottom quartile of the QPR accuracy and only a 6%
chance of falling into the top quartile — demonstrating a similar but weaker
relationship, as predicted. For QPR reaction time, the scores are spread more evenly
across the SPAT quartiles.
Predictive validity
Finally we considered how well the QPR task performance predicted literacy
outcomes. Heath et al. (2006b) classified Year 2 children into those who were
functional at literacy because they were in the top three quartiles on their composite
literacy measure, or poor at literacy, because they were in the bottom quartile on this

Table 2. Probability of children in the bottom quartile or in the top three quartiles for correct
rejection accuracy and reaction time being in any specified quartile for Sutherland
Phonological Awareness Test — Revised: Form A (SPAT-R)
Preprimary SPAT-R
1
Top Q

2

3

4
Bottom Q

Correct rejection (accuracy)
Top 3
Bottom

0.25
0.05

0.27
0.13

0.25
0.16

0.24
0.66

Correct rejections (reaction
time)
Top 3
Bottom

0.25
0.10

0.27
0.23

0.25
0.27

0.23
00.40

Preprimary QPR
quartile
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Table 3. Probability of children in the bottom quartile or in the top three quartiles for
Sutherland Phonological Awareness Test — Revised: Form A (SPAT-R) being in any specified
quartile for correct rejection accuracy and reaction time
Preprimary QPR quartiles
1
Top Q

2

3

4
Bottom Q

Preprimary QPR accuracy
Top 3
Bottom

0.26
0.06

0.29
0.17

0.28
0.25

0.18
0.52

Preprimary QPR reaction
time
Top 3
Bottom

0.27
0.22

0.25
0.25

0.30
0.14

0.19
0.39

Preprimary
SPAT-R quartile

QPR, Quality of Phonological Representations.

measure. QPR scores in Preprimary were examined for their ability to predict
literacy outcomes in Year 2.
Table 4 shows that children in the bottom quartile of QPR correct rejection
accuracy in Preprimary had a 45% chance of falling into the lowest quartile for
literacy outcomes in Year 2 but only a 10% chance of falling in the top quartile.
Children falling in the top 3 quartiles had a fairly even chance of falling into any of
the four quartiles for literacy outcomes in Year 2.
Conclusions
Phonological representations are increasingly considered to play an important role in
the development of PA and hence literacy (Snowling 2000a, Catts et al. 2001, Gillon
2004), and children with reading disability are thought to have poor phonological
representations (Boada and Pennington 2006). Measuring the quality and
accessibility of children’s underlying phonological representations should help
‘open the window into the lexicon’. Yet, most tasks currently available that purport
to assess underlying representations are confounded by the need for a verbal
response.
The QPR task is a lexical decision judgement task designed to explore the
development of a child’s phonological representations without requiring a verbal
response. This paper describes the development of the QPR task — its theoretical
Table 4. Probability of children in the bottom quartile or in the top three quartiles for correct
rejection accuracy being in any specified quartile for literacy outcomes
Composite literacy Year 2 quartiles
Preprimary QPR quartile

1
Top Q

2

3

4
Bottom Q

Pre-primary QPR accuracy
Top 3
Bottom

0.29
0.10

0.23
0.28

0.28
0.18

0.20
0.45

QPR, Quality of Phonological Representations.
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underpinnings, aims and implementation. Detailed information about the task
design is provided such that the task can be replicated. Longitudinal data from a
large sample of WA mainstream children in their Preprimary year (average age55;5)
and at follow-up at the end of Year 2 (average age57;9) are presented in appendix B,
providing percentile scores on accuracy of performance and response latency for
correct rejections on the task. The QPR task is shown to have moderately strong
validity and reliability.
As a measure of quality of phonological representations we were interested in
children’s ability to judge whether multi-syllabic words were pronounced correctly.
In their Preprimary year, children were able to identify correct productions of multisyllabic words (hits) on average 87.5% of the time, rising to an average of 93.8% in
Year 2. As expected, children became quicker at making these judgements, reaction
time shifting from an average of 1.1 s in Preprimary to 0.83 s in Year 2.
A similar pattern was observed with the data for correct rejections. To make
these judgements, the children had to identify a pseudo-word as an incorrect
pronunciation by ‘Katie the computer’. In the Preprimary year, children were able to
reject correctly the pseudo-words on average 68.5% of the time, rising to an average
of 81.7% in Year 2. As expected, children became quicker at making these
judgements, reaction time shortening from an average of 1.4 s in Preprimary to
0.81 s in Year 2.
Interestingly, this sample of Preprimary children from mainstream schools
accepted an incorrect production of a multi-syllabic word as accurate, on average
31.5% of the time, and in Year 2, 18.3% of the time. When we looked at the data
qualitatively, it was varying the place of production of nasals, voicing and height of
vowels where errors were most likely to occur.
We explored the relationship between quality of phonological representations, as
measured by ability to reject correctly an incorrect pronunciation of a multi-syllabic
word, and PA skills in the Preprimary children in more detail. We found that being
in the bottom quartile for QPR accuracy of correct rejections, gave a 66% chance of
also falling in the bottom quartile of the PA measure — the SPAT-R, and for latency,
a 40% chance. In contrast, falling in any of the top 3 QPR quartiles for accuracy or
latency yielded an almost even chance of falling in any of the four PA quartiles. In
other words performing poorly on the QPR task (falling below the 25th percentile)
usually indicated poor PA.
This relationship also held in the other direction, but was weaker, supporting the
predicted direction of the relationship. The literature predicts the likelihood that the
relationship will be stronger in one direction — in other words, that quality of
phonological representations is likely to predict PA skills (Elbro 1998, Gillon 2004).
Poorly specified, inaccurate representations will impact on a child’s ability to
efficiently access and reflect on the segmental nature of words and therefore impact
on the development of PA, especially in the early stages. Conversely, good
representations may be necessary but not sufficient for good PA which will also
build on foundations such as phonological working memory and clear speech
output.
The data support the usefulness of the QPR task as a screening tool in
Preprimary. It may be cost-effective to administer the QPR task to all children in
Preprimary and then use PA tests with those children who perform poorly on the
QPR task, i.e. those falling in the bottom quartile. The QPR task is quick to
administer and may be administered by a person with minimal training. In addition,
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results are analysed electronically. Thus, the task can be administered efficiently to
large numbers of children.
Implications for intervention
The use of PA measures has become increasingly popular in Preprimary and early
school programs to identify children at risk of literacy difficulties, and therefore to
assist in making decisions about how to allocate shrinking clinical and teaching
resources to minimize literacy difficulties in later years. The QPR task, described in
detail in this article, adds value to a task battery in providing us with more
information about a child’s developing phonological representations and therefore
informing classroom intervention. If a child evidences poor PA yet performs well on
the QPR task, the focus of the classroom program and intervention would be best
placed on ‘awareness’ — the metalinguistic skills of reflecting on segmenting/
blending/manipulating sounds in words. In contrast, a child demonstrating poor PA
and poor QPR would require intervention goals targeted at establishing clear and
accurate representations and fixing up existing fuzzy ones (lexical restructuring) in
parallel with PA work and literacy based goals. Gathering information about the
quality of a child’s underlying phonological representations as well as their PA may
allow us to fine tune or subgroup children, and allow more specifically targeted
intervention programmes, based on this knowledge.
Future directions
Having explored the development of phonological representations in the early years
for a mainstream sample, the study is continuing on two fronts:
evaluation of the predictive validity of the QPR in identifying mainstream
N An
children at risk for literacy difficulties.
examination of the development of underlying representations in the
N An
population of children with specific language impairment. This project has
recently completed the first stage of data collection on 70 children with
specific language impairment in their Preprimary year. These children will
also be followed up in Year 2 in 2008.
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Appendix 1

Item
Training A: Boomerang

Training B: Ambulance

1. Helicopter

2. Telescope

3. Dominoes

4. Crocodile

5. Television

6. Hippopotamus

7. Binoculars

Pseudo-words
Bormerang
Booberang
Poomerang
Boonernang
Boomerong
Bumerang
Armbulance
Ampulance
Anbulance
Ammulance
Ambulornce
Umbulance
Helicobter
Helicupter
Hekilopter
Hewicopter
Hilicopter
Helitopter
Telescop
Teleslope
Tilascope
Telescobe
Tewescope
Tolascope
Dominoz
Domanoes
Duminoes
Tominoes
Domisoes
Domimoes
Crocodill
Crocotile
Cocodile
Cracodile
Crookadile
Crotodile
Teelevision
Delevision
Tesevision
Televisiom
Televusion
Tilavision
Hipopitamus
Hitopotamus
Hepapotamus
Hibopotamus
Hipopetamus
Hipopotapus
Binorculars
Bimoculars
Binogulars

(bcmeræn)
(buberæn)
(pumeræn)
(buneræn)
(bumer n)
(b meræn)
(ambjulens)
(æmpjulens)
(ænbjulens)
(æmjulens)
(æmbjul ns)
(vmbjulens)
(helik btv)
(helik ptv)
(hekil ptv)
(hewik ptv)
(hIlik ptv)
(helit ptv)
(telesk p)
(teleslo p)
(tIlesko p)
(telesko b)
(tewesko p)
(t lesko p)
(d mIn z)
(d mæno z)
(dvmIno z)
(t mIno z)
(d mIso z)
(d mImo z)
(kr kvdIl)
(kr kvtaIl)
(k kvdaIl)
(krækvdaIl)
(kr kvdaIl)
(kr tvdaIl)
(tilvvIzen)
(delvvIzen)
(tesvvIzen)
(telvvIzem)
(telvvuzen)
(tIlvvIzen)
(hIpvp tImes)
(hItvp tvmes)
(hepvp tvmes)
(hIbvp tvmes)
(hIpvpetvmes)
(hIpvp tvpes)
(baInckjulez)
(baIm kjulez)
(baIn gjulez)
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Item

8. Microphone

9. Rhinoceros

10. Spaghetti

Pseudo-words
Binocliars
Binaculars
Binukulars
Macrophone
Micwophone
Microphoon
Migrophone
Microphon
Microphome
Rhinoteros
Rhinuceros
Rhinoceroz
Rhimoceros
Rhinaceros
Rhinorceros
Spagheki
Basgetti
Spagiti
Spaketti
Spaghotti
Pasgetti

(baIn kliez)
(baInækjulez)
(baIn kjulez)
(mækrefo n)
(maIkwefo n)
(maIkrefun)
(maIgrefo n)
(maIkref n)
(maIkrefo m)
(raIn teres)
(raIn svres)
(raIn svrez)
(raIm svres)
(raInæsvres)
(raIncsvres)
(spegeki)
(bezgeti)
(spegiti)
(speketi)
(speg ti)
(pesgeti)

Appendix 2
(a) Percentiles for accuracy of correct rejections Preprimary (n5235) and Year 2
(n5179)

Raw score
4
5
6
8
10
12
13
15
16
17
18
20
21
22
23
24
25
26
27
28
29
30
31
32

Preprimary percentile
,1
1
2
2
3
3
4
5
5
6
6

Year 2 percentile

,1

1
7
8
8
9
9
10
11
12
14
16
17

2
2
3
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Preprimary percentile

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

Year 2 percentile

19
20
22
24
27
28
33
35
40
43
49
54
57
62
67
74
80
82
87
91
94
96
99
.99

4
4
6
7
7
8
10
12
16
18
22
25
29
36
44
49
58
66
76
84
88
96
98
99
.99

Cumulative percentages are rounded to whole numbers.

(b) Percentiles for reaction time of correct rejections Preprimary (n5235) and Year
2 (n5179)

Reaction time (s)
3.78
3.55–3.44
3.36–3.28
3.24–3.17
2.96
2.80–2.53
2.49
2.42–2.36
2.27–2.25
2.17–2.12
2.10–2.09
2.08–2.07
2.04–2.01
1.96
1.94–1.91
1.88–1.87

Preprimary
percentile
,1
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Reaction time (s)

2.08

Year 2 percentile

,1
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Reaction time (s)

Preprimary
percentile

1.85–1.81
1.80
1.79–1.76
1.75–1.73
1.71–1.66
1.65–1.61
1.60–1.59
1.57
1.54
1.52
1.49–1.48
1.46
1.44
1.43
1.40
1.39
1.38–1.37
1.36
1.34–1.33
1.32
1.31
1.30–1.29
1.28
1.27
1.26–1.24
1.23
1.22
1.21
1.20
1.18
1.17
1.16–1.15
1.13
1.11
1.10
1.09
1.08
1.07–1.06
1.05
1.04
1.02
1.01
1.00
0.99
0.98
0.97–0.96
0.94
0.93
0.92–0.91

17
18
19
21
22
23
24
26
27
28
29
30
31
32
33
34
36
37
38
40
41
42
44
45
46
48
49
50
52
53

0.90–0.88

77

0.87
0.86

80
81

54
56
57
59
60
62
63
64
66
67
68
69
70
71
72
74

Reaction time (s)

Year 2 percentile

1.86–1.83

1

1.64–1.56

2

1.52–1.49

3

1.44–1.36

4

1.32
1.31

5
6

1.26–1.25
1.24–1.23
1.22

7
8
9

1.19
1.17
1.16–1.14
1.13–1.12
1.11
1.10
1.09–1.08

10
11
12
13
14
15
16

1.07–1.05

17

1.04
1.02
1.01
1.00

18
19
20
21

0.96
0.95–0.94
0.93
0.92
0.91
0.90
0.89
0.88
0.87
0.86

22
24
25
26
27
28
30
31
32
33
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Preprimary
percentile

0.84–0.83

83

0.82
0.81

84
85

0.79
0.78–0.77

86
87

0.76
0.75–0.74

88
89

0.72
0.71–0.66

90
92

0.64–0.61

94

0.60
0.59

95
96

0.55–0.54

97

0.52–0.50

98

0.44
0.43

99
.99

Cumulative percentages are rounded to whole numbers.

Reaction time (s)

Year 2 percentile

0.85
0.84
0.83
0.82
0.81
0.80
0.79
0.78
0.77
0.76
0.75
0.74
0.72
0.71
0.70
0.69
0.68
0.67
0.66
0.65
0.64
0.63
0.62–0.61
0.60
0.59
0.58
0.56
0.55–0.54
0.53
0.52
0.51
0.50
0.49–0.47
0.46
0.45–0.44
0.43–0.42
0.41–0.38
0.37
0.35
0.33–0.27
0.26

35
37
39
41
42
44
45
46
48
49
51
54
55
58
62
63
65
66
68
69
70
72
74
76
77
78
79
80
82
83
85
86
87
88
92
93
94
96
97
98
.99

Paper 2: Claessen, M., Leitão, S., & Barrett, N. (2010). Investigating children's ability
to reflect on stored phonological representations: the Silent Deletion of Phonemes
Task. International Journal of Language and Communication Disorders, 45(4), 411423.

Please note the error in table 4 where the bottom right hand corner is slightly
misaligned.
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Abstract
Background: The development of children’s speech, language, and literacy skills is considered to build on a robust
and intact speech-processing system, with normally functioning skills at all levels of input and output processing, as
well as storage. There are a range of tasks available that assess input and output processing skills, however there are
few tasks described in the literature that require a child to reflect on and analyse the internal structure of their own
phonological representations.
Aims: This paper will describe the development of the Silent Deletion of Phonemes (SDOP) task. This task is
designed to assess a child’s ability to delete and manipulate sounds silently within their own stored representations
while minimizing the impact of any output difficulties.
Methods & Procedures: The SDOP task was presented to 69 typically developing mainstream Year 2 children (aged
7;2– 8;1 years) as part of a battery of phonological processing skills and literacy measures.
Outcomes & Results: Scores for the population of typically developing Year 2 children were normally distributed and
above a basal level but not approaching ceiling. Performance on the SDOP was significantly correlated with other
measures of phonological processing but not a measure of non-verbal ability. It was most highly correlated with the
measure of phonological awareness as expected, as both tasks measure awareness of the internal structure of words.
However, the SDOP provided more information about the accuracy and specificity of a child’s underlying
phonological representations. The SDOP explained a significant amount of concurrent variance in both reading and
spelling performance beyond the variance accounted for by the predictors that have been used by researchers to date.
In combination, the SDOP and rapid-naming measure accounted for 58.8% of variance in performance on the
reading measure and 54.4% of variance in spelling performance.
Conclusions & Implications: The SDOP task appears to be a valid and reliable tool to assess the internal structure of a
child’s stored phonological representations. Profiling phonological representations allows clinicians to explore
children’s speech-processing skills which may be particularly useful with children with complex literacy difficulties.
Keywords: phonological representations, phonological awareness, assessment, literacy development.

What this paper adds
Many tasks currently used to assess the integrity of underlying phonological representations are confounded by
requiring spoken output. In most tasks, the child is asked to reflect on the structure of a heard word, rather than
reflecting on their own stored representation of a word. This paper will describe the development of the Silent
Deletion of Phonemes (SDOP) task and provide data based on the use of this task with a group of typically
developing 7-year-old children. The SDOP is designed to assess a child’s ability to delete and manipulate sounds
internally within their own stored representations of a word without requiring output. This allows us to ‘open the
window’ further into the lexicon and measure the accuracy and integrity of the underlying phonological
representation. Profiling both phonological awareness skills and a child’s underlying phonological representations
allows more informed goal-setting and intervention planning.
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Introduction
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An intact speech-processing system, with strongly
developing skills in input and output processing as well
as lexical storage, provides a solid foundation for the
development of children’s speech, language, and
literacy skills (Chiat 2000, Dodd 1995, Stackhouse
and Wells 1997). In contrast, compromised speechprocessing skills underlie the difficulties experienced by
many children in the areas of speech, language, and
literacy. This population of children is known to be
heterogeneous, consequently accurate profiling of the
children’s skills is important both theoretically in terms
of understanding their difficulties and practically, in

terms of maximizing the effectiveness of goal-setting
and therapy (Baker et al. 2001, Hewlett et al. 1997).
Assessing strengths and weaknesses in order to set
up hypotheses about a child’s profile requires that
clinicians adopt a principled approach, in particular
understanding the processing demands of their
assessment tasks. The model described by Stackhouse
and Wells (1997) provides a framework which allows a
systematic hypothesis testing approach in assessment.
The speech-processing profile based on this model
(Figure 1) is a clinical tool which is used to ask
questions about a child’s: (1) input processing or ability
to decode speech signals (for example, using auditory
discrimination tasks), (2) output processing or ability to

Figure 1.

Speech-processing framework. Source: Stackhouse and Wells (1997), reproduced with permission.
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Silent Deletion of Phonemes Task (SDOP)
encode and produce speech (for example, using nonword repetition tasks), and (3) underlying lexical
storage or stored lexical representations (for example,
naming pictures). On the left of the framework
(questions A – F) assessment tasks require input
processing, while on the right, assessment tasks that
answer questions G– K require output. In addition,
answering questions nearer the top of the framework
requires lexical access while those nearer the bottom can
be answered using tasks that do not require accessing
stored linguistic knowledge (Stackhouse and Wells
1997, Stackhouse et al. 2007).
One of the challenges in assessment is gaining
information about the storage of words in a child’s long
term memory without the confounding influence of
speech (Chiat 2000). This requires the child to access
the word phonology from their store without saying the
words and make an internal judgement about the word.
Such tasks can be of two types which are characterized
by different input.
In one approach, often termed ‘auditory lexical
discrimination tasks’, the child is asked to make a
judgement based on comparing their own stored
representation to a heard word. These tasks are said to
answer the level E question on the Stackhouse and
Wells speech-processing profile: ‘Are the child’s
phonological representations accurate?’ (Stackhouse
and Wells 1997: 87). Examples include the speech
production-perception task (Locke 1980), the phonological representation judgement task used by Sutherland and Gillon (2005), the Quality of Phonological
Representations Task (Claessen et al. 2008), and a
range of mispronunciation detection tasks described in
Book 4 of The Compendium of Auditory and Speech
Tasks (Stackhouse et al. 2007).
A second approach requires a child to access and
analyse their own stored phonological representation of
a word without hearing it spoken by either tester or
child. Such tasks are said to answer the level F question
on the Stackhouse and Wells speech-processing profile:
‘Is the child aware of the internal structure of
phonological representations?’(Stackhouse and Wells
1997: 90). Few tasks of this type are described in the
literature, and most are informal. Examples include
silent sorting of pictures according to initial sound,
identification of pictures that rhyme and picking
the odd one out based on the coda from a set of
pictures. The task demands involve segmenting and
blending, but do not require a child to delete or
manipulate phonemes.
Given this potential gap in a theoretically driven
assessment battery this paper describes the development
of the Silent Deletion of Phonemes (SDOP) task. The
SDOP was created as a silent deletion task to allow
detailed investigation of a child’s ability to reflect on

3
their own internal phonological representations of
words, with the aim of further ‘opening the window
into the lexicon’ (Claessen and Leitão 2004).
Phonological representations
As children learn new words representations of the
sound-patterns of the words must be established in the
lexical store (Gillon 2002). Children begin to form this
representation on a very brief exposure, a process often
referred to as ‘fast mapping’ (Fisher et al. 2001). During
the word learning process children must encode words
and be able to recognize them—even when spoken by
different speakers (Fisher et al. 2001). In other words,
the sound, or phonological, representations must be
well enough defined to allow a child to match
previously encoded sound patterns with new instances
of the same sound in conversations, and thus allow for
the acoustic variability that occurs both within and
between speakers of the same language (Fisher et al.
2001). In addition, these sound based codes must be
specified well enough to support the development of
motor programs for the child to say the word (output)
(Elbro et al. 1998, Vance et al. 2005). For example, the
child must develop a representation of a word such as
‘fist’ which is well enough defined to allow the child to
recognize the word as distinct from other similar
sounding words like ‘fits’, ‘fast’, ‘first’ etc., even when
spoken by a range of different speakers, including those
with different accents and varying vocal qualities such as
pitch. The phonological pattern of the word must also
be encoded with enough specificity to allow the child to
develop a motor program which will allow them to
say the word clearly enough that it is easily perceived
by listeners.
There is considerable evidence to suggest that
phonological representations become more refined with
development of vocabulary until explicit awareness is
further facilitated by the acquisition of literacy (Maillart
et al. 2004, Snowling and Hulme 1994, Stackhouse and
Wells 1997). Metsala and Walley (1998) suggest that
the process of lexical restructuring is gradual and wordspecific. In typically developing language learners lexical
restructuring eventually leads to words that have
accurate and well segmented phonological representations associated with them.
In contrast, it has been proposed that low quality,
poorly specified phonological representations can affect
many aspects of language (Chiat 2001, Joanisse and
Seidenberg 1998). For example, Chiat (2001) suggests
that development in the areas of vocabulary and syntax
relies heavily on phonological information being
perceived and represented accurately. The work of
Constable (2001) in the area of word-finding difficulties
has suggested a strong relationship between lexical

Mary Claessen et al.
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retrieval and the precision of the phonological
representations of the words. There is evidence that
children with Specific Language Impairment (SLI) have
imprecise word productions and poor non-word
repetition skills which may be the result of poorly
specified phonological representations and motor
programmes (Catts and Kamhi 1999, Leitão 2003).
Many researchers have hypothesized that well-developed
phonological representations are important in the
acquisition of literacy. Poorly specified representations
will impact on the development of awareness of
sounds within words, a skill known to support early
literacy (Gillon 2004). In addition, poor quality
representations may impact on a child’s ability to use
phonological information in reading and spelling
(Sutherland and Gillon 2005). This is supported by
the finding that children with dyslexia have been shown
to have less mature phonological representations
(Vellutino et al. 2004).
Assessing phonological representations
Drawing on the early work of Locke (1980), a number
of lexical decision tasks have begun to re-emerge in the
literature and clinical practice. These require a child
to reflect on a phonological representation at a whole
word level.
Crosbie et al. (2002) devised lexical decision tasks in
which a child was asked to identify a string of speech
sounds as a familiar word or an unfamiliar string, and
judge whether a spoken word matched the semantic
representation evoked by a picture. Three children with
SLI who presented with similar profiles on standardized
language assessments performed very differently on the
experimental tasks tapping into processing skills. The
three children all presented with receptive language
difficulties at a single word level, however when
underlying processing skills were considered it was
found that one child presented with poor input
processing skills and difficulties with lexical (real word)
tasks, another had purely lexical level difficulties and the
third had underlying semantic difficulties. This study
highlights the importance of considering phonological
processing skills in assessment.
Recently Sutherland and Gillon (2005) developed a
task that required children to judge the accuracy of
productions of multi-syllabic words. In this task
children were shown a computer-generated picture of
a multi-syllabic word. They then heard either the name
of the picture, or a slightly modified production of the
name. The children were required to point to either a
happy face or a black cross to indicate the accuracy of
the production they heard. Children with speech
impairment performed significantly more poorly on
this task than age-matched peers. Similarly, the Quality

of Phonological Representations (QPR) task (Claessen
et al. 2008, Claessen and Leitão 2004) requires a child
to look at a familiar picture, and then make a
judgement about a production of the word. Children
indicate their response using a computer mouse.
Normative data on both accuracy and reaction time has
been reported on this task for children aged 5 and
followed up at 7 years, with data currently being
collected for a group of participants with SLI in the
same age range. Data for typically developing 3 – 7 year
olds on a number of auditory lexical decision tasks are
also presented in Stackhouse et al. (2007).
Whilst these tasks require a child to reflect on the
accuracy of a heard word at a whole word level, there are
few tasks described in the literature that require a child
to reflect on and analyse the internal structure of their
own phonological representations. Tasks of this nature
usually use pictured material and neither the tester nor
child says the word aloud. This approach ensures
children are reflecting on their own stored representation of the lexical item rather than analysing a heard
word. Such tasks could also be considered to place
demands on working memory. A child’s responses
should also be silent to decrease the influence of output
processing. Those tasks that have been reported require
a child to segment or blend silently (for example,
Phonological Assessment Battery subtest alliteration
part 2 (Frederickson et al. 1997), or silently sort
pictures according to initial/final sound (Stackhouse
and Wells 1997).
We are not aware of any published task that requires
a child to silently delete or manipulate sounds in words.
The literature suggests that the ability to perform
phoneme deletion tasks is a powerful predictor of
literacy development (Gillon 2004, Stackhouse and
Wells 1997). In terms of accessing underlying
phonological representations, clinicians and researchers
need to evaluate a child’s ability to internally delete and
manipulate sounds within their own stored representations. The Silent Deletion of Phonemes (SDOP) task
was developed to allow the measurement of the child’s
ability to perform a deletion task using their own stored
phonological representation, and in order to minimize
the impact of output difficulties.
This paper will describe the development of the task,
its design and implementation and report on the
reliability and validity of the task. It will describe the
performance of a sample of children from Year 2 in
Western Australia (aged 7 years). This age group was
selected based on normative data for traditional
phoneme deletion tasks, as one which should provide
a range of performance within the age group. In
addition, given what the literature tells us about the
contribution of well specified representations to the
development of reading and spelling—this paper will

Silent Deletion of Phonemes Task (SDOP)
explore how well SDOP task performance explains the
variance in concurrent literacy performance.
The following hypotheses were addressed:
. The measure of Silent Deletion of Phonemes will

5
. Five items where the initial phoneme of a word

.

have adequate internal reliability.
. The measure of Silent Deletion of Phonemes will

explain variance in reading and spelling beyond
that explained by a set of predictor variables
including phonological memory, rapid-naming
and phonological awareness.

.
.

.

Method
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Participants
Thirty-six female and 33 male typically developing Year
2 children were recruited from primary schools in the
Perth metropolitan area (Western Australia) to
participate in this research. Children were selected
from two primary schools in middle socio-economic
areas. The children ranged in age from 7;2 to 8;1 years
at the time of testing. This study was approved by the
Curtin University Human Research Ethics Committee
and procedures complied with confidentially guidelines. Caregivers and participants provided informed
consent to participate.
Exclusion and inclusion criteria
A parent/teacher questionnaire was used to ensure
participants were typically developing, i.e. no evidence
of significant hearing, vision, behavioural, language,
educational or medical issues.
Measures
Measures included were the SDOP task (described in a
subsequent section), as well as measures of phonological
processing, including phonological awareness, phonological short term memory and rapid automatized
naming, literacy, and working memory (Table 1). All
were administered and scored according to the standard
test protocols.
SDOP task development
The SDOP task is a computer administered task which
consists of 35 pictured items as follows:
. Five items where one part of a compound word is

deleted (for example, starfish—star).
. Five items where the initial phoneme is deleted

(for example, pie—eye).
. Five items where the final phoneme is deleted (for

example, cart—car).

initial cluster is deleted (for example, bread—
red).
Five items where the final phoneme of a word
initial cluster is deleted (for example, black—
back).
Five items where the initial phoneme of a word
final cluster is deleted (for example, nest—net).
Five items where the final phoneme of a word
final cluster is deleted (for example, lamp—
lamb).
Two training items precede the test items.

Items were selected from a large pool of imageable
words familiar to young children. In addition, the
phonological structure of each potential item allowed a
real word to remain once a syllable or phoneme was
deleted. All pictures were obtained from copyright free
electronic images. Potential items were piloted on eight
Year 2 children to ensure the stimuli were easily
recognized and the vocabulary known by children of
that age. See appendix A for a complete list of items.
The task is administered over two sessions, one
week apart. In session 1 the children are asked to
identify each picture used in the task. If a picture is not
recognized correctly, the item is taught by telling the
child the name of the picture. At the end of session 1,
the children are then re-asked to name these pictures.
The SDOP task is administered in session 2. The
SDOP task uses a laptop computer to present children
with a picture, and a verbal instruction to think of the
name of the picture but not to say it aloud. They are
then asked to delete a syllable or phoneme from the
word and choose the correct picture from an array of
four. Children indicate their response with a mouse
click within the same quarter of the page as the selected
response. At no stage is the name of the picture spoken
aloud by either the examiner or the child. Task
instructions were digitally recorded by an Australian
monolingual, female speaker, and stored as WAV files
using Cool Edit software.
A computer program was written using Matlab to
present each item randomly. Accuracy and reaction
time data were collected for each item and stored for
later analysis.
The 35 items were randomized across levels, and then
administered to each child in the same order. For each
item the child sees a picture on a computer screen but the
name of the item is not said aloud by either the child of the
examiner. The child is then asked to ‘look at this picture
and think of the name of, but don’t say it out loud’, for
example, switch (Figure 2). The name of each item is not
said by either child or examiner during the task.
They are then asked ‘now what word would it make
if I took away the XX sound’, for example, took away

Sutherland Phonological Awareness Test—Revised
(SPAT-R) (Neilson 2003)

Memory for digits and non-word repetition subtests
from the Comprehensive Test of Phonological
Processing (CTOPP) (Wagner et al. 1999)
Rapid digit-naming and rapid letter-naming subtests
from the Comprehensive Test of Phonological
Processing (CTOPP) (Wagner et al. 1999)
The Competing Language Processing Task (CLPT)
(Gaulin and Campbell 1994)

Word Identification subtest and Passage
Comprehension subtests from the Woodcock
Reading Mastery Tests—Revised (Woodcock 1987)
The South Australian Spelling Test (SAST)
(Westwood 1993)
The Block Design and Picture Completion subtests
of the Weschler—III (Wechsler 1991)

Phonological awareness

Phonological short-term
memory

Reading

Non-verbal
intelligence

Spelling

Working memory

Rapid automatized
naming

Measures

Area

Non-verbal thinking skills

Ability to process and store simultaneously incoming
information through the answering of yes/no questions
and later recalling the last words in each set
Real word-reading. Passage Comprehension was
completed to allow the calculation of a Short
Form Reading Score
Real word spelling

Ability to retrieve rapidly the names of very familiar
items—in this case digits and letters

Items 1 – 11 were administered to collect data about
the participant’s ability to perform blending, deletion
and manipulation tasks. These tasks require a
verbal response
Ability to repeat a sequence of numbers and a
non-word that has been verbally presented

Information obtained

Table 1. Measures included in task battery
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The mean of the subtest standard scores
was used to provide an indication of
non-verbal intelligence

Responses on each item were summed

The Short Form Reading Score was
calculated as per instructions in the manual

Responses on each item were summed

Rapid-naming composite score was
calculated as per the test manual

Phonological memory composite score
was calculated as per the test manual

Responses on each item were summed

Score used for analysis

6
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background noise. In the first session the CTOPP and
SPAT-R tasks were administered, and phase one of the
SDOP task was completed. In the second session
reading and thinking skills measures were administered
and the SDOP task completed. The spelling test was
administered by the researcher on a group basis in the
children’s classroom. Rapid automatized naming and
non-word repetition tasks were recorded using a lapel
condenser microphone and Acer laptop computer.
Results from the SDOP task were recorded digitally on
the laptop computer.
Results
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Figure 2.

Stimulus item.

the ‘s’ sound. They then see a computer screen
consisting of four pictures—the correct response
(witch), a semantic foil (light) and two phonological
foils (swing and watch) (Figure 3). The child indicates
their answer using the computer mouse.
Procedure
Participants were assessed by the researcher (first
author) at their school over two sessions at least one
week apart. All testing took place in a quiet area close to
the child’s classroom. Headphones were used for
computer-based tasks to minimize the impact of

Figure 3.

Response choices.

The means, standard deviations and distribution
statistics for the SDOP and other measures are reported
in Table 2. The measure of reading showed evidence of
negative skewing (skew ¼ 23.01) due to two cases
with extremely low scores (43, z ¼ 23.53 and 52;
z ¼ 2 3.04). These cases were not unusual for any
other variables but did pose problems for subsequent
regression analysis. There were no logical grounds for
eliminating these cases and therefore a decision was
made to truncate values of these cases to the next lowest
value. The descriptive statistics and skew for reading
reported in Table 2 are for the truncated cases. For all
other variables the data were normally distributed with
satisfactory skewness and kurtosis.
Table 3 shows the raw score associated with selected
percentiles for the SDOP.

Mary Claessen et al.
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regressions reported here non-verbal IQ was entered
first in order to control for this variable. On step two
the group of predictors representing previous research
into this area was entered to evaluate their contribution
to understanding reading and spelling after controlling
for non-verbal IQ. On the third step the SDOP was
entered to evaluate whether it could add to the
explanation of variance in reading and spelling above
and beyond the other predictors.
The zero-order correlation matrix for the variables
in the analyses is reported in Table 4. The validities for
SDOP and the other predictors (phonological memory,
rapid-naming, CLPT, SPAT) with each criterion
variable (spelling, reading) are shown in the first two
columns. Phonological memory, rapid-naming, CLPT,
SPAT and SDOP are statistically related to both
reading and spelling. An inspection of the validities
showed the SDOP to have relatively high correlations
with both reading (r ¼ 0. 62, r 2 ¼ 0.38) and spelling
(r ¼ 0.65, r 2 ¼ 0.42). High correlations with reading
(r ¼ 0.64, r 2 ¼ 0.41) and spelling (r ¼ 0.52,
r 2 ¼ 0.27) were also found for the rapid-naming
predictor. When looking at the predictors in isolation,
both the SDOP and rapid-naming explain a relatively
higher proportion of the variance in both reading and
spelling performance compared with the other
predictors. At issue, however, is whether the SDOP is
able to explain variance in reading and spelling above
and beyond the variance that can be accounted for by
rapid-naming and the other predictors in combination.
The correlation matrix also shows to what extent the
SDOP shares variance with the other predictors. The
SDOP was highly correlated with performance on
the SPAT-R—a measure of phonological awareness.
It was also significantly correlated with the phonological
memory and rapid-naming composite scores and the
measure of working memory. These results attest to the
concurrent validity of the SDOP with measures of
phonological awareness and memory. The SDOP also
has divergent validity since it was not statistically
correlated with the measure of non-verbal intelligence.

Table 2. Means, standard deviations, skewness and kurtosis
for the variables in the hierarchical regression analyses
Measure

Standard
deviation

Skewness

Kurtosis

23.99
98.66

6.52
12.00

21.19
0.96

2 1.56
2 1.18

103.60
21.01
36.39
10.37
29.64
108.64

14.06
4.80
4.05
2.44
9.51
15.71

0.99
20.13
21.11
0.65
20.32
0.09

0.76
2 0.74
2 1.03
0.82
2 0.02
2 0.55

Mean

SDOP
Phonological
memory
Rapid naming
CLPT
SPAT
Non-verbal IQ
Spelling
Reading

Note: skewness and kurtosis are divided by the standard error
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Table 3. Raw scores and their corresponding percentiles for
the SDOP
Percentile

Raw score

16
25
50
75
84

17
18
24
30
31

Internal consistency of the SDOP
Reliability of the SDOP was estimated from internal
consistency using coefficient alpha. Alpha was calculated at 0.845 which indicated a moderate level of
internal consistency for the 35 items (Pring 2005).
Predictive utility of the SDOP
Hierarchical regression analysis investigated whether
the new SDOP task adds to the explanation of criterion
variance in reading and spelling beyond that explained
by a set of predictor variables that include phonological
memory, rapid-naming, CLPT and SPAT. This
analysis was selected based on the theoretical grounds
for entering the predictors in a specific order. In the
Table 4.

Zero-order correlation matrix for the criterion (spelling, reading), predictor (phonological memory, Rapid naming, CLPT,
SPAT, SDOP) and control (non-verbal IQ) variables in the hierarchical regression analyses

Measure

1

2

3

4

5

6

1. Spelling
2. Reading
3. Phono memory
4. Rapid naming
5. CLPT
6. SPAT
7. SDOP
8. Non-verbal IQ

–

0.80***
–
–
0.25*

0.40**
0.47***
0.25*
0.38**

0.52***
0.64***
0.32**
0.37**

0.29*
0.25*
0.38**
0.09
–

0.48***
0.50***
0.41**

–

Note: *p , 0.05, **p , 0.01, ***p , 0.001 (two-tailed).

0.37**
–

7
0.65***
0.62***
0.12
0.35**
0.63***
– 0.22

8
0.20
0.20
0.33**
0.15

Silent Deletion of Phonemes Task (SDOP)
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The magnitude of the linear association between the
SDOP and the SPAT-R was within the range expected
and reflects the less than perfect reliability of these
measures as well as the different methods of data
presentation and type of response required. In addition,
the result is consistent with the SDOP tapping into skills
not assessed by measures of phonological awareness.
Separate hierarchical multiple regression analyses
were performed on each criterion variable at an adjusted
alpha level of 0.025. The models were evaluated for
heterogeneity of variance, residual outliers, outliers on
the combination of predictors, tolerance and multicollinearity. The problems and their effects are reported
for the respective analysis.
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Prediction of reading
Table 5 reports the results of the hierarchical regression
with reading as the criterion variable. On the first step
non verbal IQ was entered as a control variable and
did not explain statistically significant variance in
reading, F(1,64) ¼ 2.671, p ¼ 0.107 (r 2 ¼ 0.040).
At the second step the measures of phonological
memory, rapid-naming, working memory (CLPT) and
phonological awareness (SPAT) were entered. In
combination these variables explained a statistically
significant proportion of incremental variance,
Fchange(4,60) ¼ 18.128, p , 0.0001 (r2change ¼ 0:525).
The model on the step 2 revealed that rapid-naming
t(60) ¼ 5.310, p ¼ ,0.0001, sr 2 ¼ 0.20, explained
statistically significant unique variance as indexed by
the semi-partial correlation squared (sr 2). In addition,
Table 5. Hierarchical regression for the predictors (phonological memory, Rapid naming, CLPT, SPAT, SDOP) and
control (non-verbal IQ) variables on the criterion variable of
reading
Variable

B

SE

B

Step 1
Non-verbal IQ

1.32

0.81

Step 2
Non-verbal IQ
Phono memory
Rapid naming
CLPT
SPAT

0.74
0.37
0.57
2 0.32
0.88

Step 3
Non-verbal IQ
Phono memory
Rapid naming
CLPT
SPAT
SDOP

0.42
0.30
0.52
2 0.38
0.17
0.91

phonological memory explained a statistically significant portion of unique variance, t(60) ¼ 2.969,
p ¼ 0.004, sr 2 ¼ 0.064.
On the third step, the SDOP was entered and
added a statistically significant proportion of
incremental variance, Fchange (1, 59) ¼ 11.164,
p ¼ 0.001, r 2change ¼ 0:069). In the final model,
rapid-naming accounted for the largest proportion
of unique variance (sr 2 ¼ 0.171). These results
suggest that SDOP is an important predictor of
reading and that rapid-naming and the SDOP
measure different aspects of reading. Phonological
memory also accounted for unique variance in the
final model, t(59) ¼ 2.515, p ¼ 0.015 (sr 2 ¼ 0.039).
The effect of entering rapid-naming and the SDOP
in combination on the final step was also examined.
In combination these predictors accounted for an
additional 0.273 of the variance in reading,
F(2,59) ¼ 22.068, p ¼ 0.0001. The zero-order effects
for the rapid-naming and SDOP tasks in combination (i.e. without partialling out the effects of the
other predictors) were also examined and showed that
these two tasks in combination accounted for 58.8%
of the variance in reading scores.
Prediction of spelling
Table 6 reports the results of the hierarchical regression
with spelling as the criterion variable. On the first step
non verbal IQ was entered as a control variable and
did not explain statistically significant variance in
spelling, F(1,64) ¼ 2.106, p ¼ 0.152 (r 2 ¼ 0.032).
At the second step the measures of phonological
memory, rapid-naming, working memory (CLPT) and
Table 6. Hierarchical regression for the predictors (phonological memory, rapid naming, CLPT, SPAT, SDOP) and control
(non-verbal IQ) variables on the criterion variable of spelling
Variable

B

0.20

Step 1
Non-verbal IQ

0.59
0.13
0.11
0.33
0.39

0.11
0.28*
0.49***
2 0.10
0.23

0.56
0.12*
0.10
0.31
0.42
0.27

0.06
0.23*
0.46***
2 0.11
0.04
0.37**

Note: For the model with the outliers truncated: R 2 ¼ 0.04 for Step 1 ( p . 0.025);
DR 2 ¼ 0.525 for Step 2 ( p , 0.001); DR 2 ¼ 0.069 for Step 3 ( p , 0.01).
*p , 0.025, **p , 0.01, ***p , 0.001.

SE

B

0.70

0.48

0.17

Step 2
Non-verbal IQ
Phono memory
Rapid naming
CLPT
SPAT

0.35
0.17
0.24
2 0.01
0.65

0.41
0.09
0.07
0.23
0.27

0.09
0.21
0.36**
20.04
0.28*

Step 3
Non-verbal IQ
Phono memory
Rapid naming
CLPT
SPAT
SDOP

0.01
0.10
0.21
2 0.13
0.06
0.74

0.37
0.08
0.07
0.21
0.28
0.18

0.02
0.13
0.30**
20.06
0.03
0.49***

Note: R 2 ¼ 0.032 for Step 1 ( p , 0.025); DR 2 ¼ 0.384 for Step 2 ( p . 0.001);
DR 2 ¼ 0.128 for Step 3 ( p , 0.001). *p , 0.025, **p , 0.01,***p , 0.001.
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phonological awareness (SPAT) were entered. In
combination these variables explained a statistically
significant proportion of incremental variance,
Fchange(4,60) ¼ 9.843, p , 0.0001 (r 2change ¼ 0:384).
An inspection of the model on the step two revealed
that rapid-naming t(60) ¼ 3.31, p ¼ 0.002,
sr 2 ¼ 0.11) and the SPAT, t(60) ¼ 2.41, p ¼ 0.019,
sr 2 ¼ 0.06) explained statistically significant unique
variance as indexed by the semi-partial correlation
squared (sr 2). All other predictors were statistically
redundant.
On the third step, the SDOP was entered and added
statistically and practically significant incremental
variance, Fchange (1, 59) ¼ 16.604, p , 0.0001,
r 2change ¼ 0:128). In the final model, furthermore,
SDOP accounted for the greatest proportion of
unique variance (sr 2 ¼ 0.128) making it the most
important predictor of spelling ability in our sample.
The only other predictor to explain unique variance was
rapid-naming (sr 2 ¼ 0.076). These results suggest that
rapid-naming and the SDOP measure different aspects
of spelling. All other predictors were redundant and did
not add statistically significantly to the explanation of
spelling. In total, 54.4% of the variance in spelling was
accounted
for.
The
remaining
variance
(1 2 R 2 ¼ 0.456) can be explained by the fact that
the measures are not perfectly reliable and that the
spelling task measures something unique that both the
SDOP and the rapid-naming task fail to capture.
Discussion
The Silent Deletion of Phonemes (SDOP) task is a
valid and reliable tool that allows clinicians and
researchers to tap into the internal structure of a child’s
stored phonological representations. It is a useful tool
for children in the early school years, with scores for a
population of typically developing children aged
between 7;2 and 8;1 years being normally distributed
and above a basal level but not approaching ceiling. The
task is delivered via a computer and thus administration
can be easily standardized across children. Scoring is
also completed electronically.
As expected, performance on the SDOP was
correlated with measures of phonological awareness,
rapid-naming and working memory. Furthermore, the
lack of significance between the thinking skills measure
and the SDOP suggest that the SDOP is not a measure
of non-verbal ability. The SDOP was most highly
correlated with performance on the SPAT-R (a
measure of phonological awareness), as both tasks
measure awareness of the internal structure of words.
However, attenuation of the correlation between the
two measures of internal structure is expected due to
the different processing demands required by the tasks.

The SPAT-R assesses the child’s ability to analyse
words spoken by the tester by comparing them to their
own stored representation (Stackhouse and Wells
1997), while the SDOP assesses the child’s ability to
reflect on their own stored phonological representation
and the stimuli are not spoken by the tester
(Stackhouse and Wells 1997). Thus, while the
SDOP was correlated with a measure of phonological
awareness it also provided more information about the
accuracy and specificity of a child’s underlying
phonological representations.
We looked in more detail at the contribution of the
different predictor variables to reading and spelling.
The SDOP explained a significant amount of
concurrent variance in both reading and spelling
performance beyond the variance accounted for by the
predictors that have been used by clinicians and
researchers to date. Performance on the measures of
reading and spelling were highly correlated. This is to
be expected as both tasks draw on phonological
awareness and phonic skills, decoding and access to a
stored lexicon of sight words. However, reading and
spelling differ on the presentation of material
(orthographic for reading, and verbal for spelling
measures).
In reading, the rapid automatized naming (RAN)
task uniquely accounted for 17.1% of variance while
the SDOP accounted for 6.9% of variance. RAN tasks
measure the rapid retrieval of phonological codes from
the lexicon. There is support in the literature for a
strong relationship between the efficient and rapid
access of stored phonological information and reading
performance (Catts et al. 2002, Kail and Hall 1994). In
combination the SDOP and rapid automatized naming
of digits and letters together accounted for 27.3% of
variance in performance on the reading measure after
controlling for the effect of the other predictors. When
we look at the zero-order effect in which the effect of
the other predictors are not accounted for, we find that
SDOP and rapid-naming in combination accounted
for 58.8% of the variance in reading scores. These
results suggest that when assessing a child experiencing
reading difficulties the combination of SDOP and a
RAN task would be useful when profiling strengths and
weaknesses to inform therapy goals.
In spelling the SDOP accounted for 12.8% of
unique variance, with RAN (7.6%) the only other
variable to account for a significant amount of variance
in spelling performance. In combination SDOP and
rapid-naming of digits and letters accounted for 54.4%
of variance in spelling performance again suggesting
that their use in combination would be valuable.
The SDOP is a useful clinical tool in accounting for
variance in both reading and spelling performance
however it would also appear to have value in exploring
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the accuracy of a child’s phonological representations.
The use of the SDOP in combination with a more
traditional measure of phonological awareness such as
the SPAT-R (Neilson 2003) which draws on a child’s
output would enable clinicians to explore a child’s input
processing skills, and phonological representations in
more detail. For example, a child who performed well
on the SDOP and poorly on the SPAT-R could be
considered to have accurate, well-specified phonological
representations but weaker output processing skills,
perhaps as a result of earlier speech impairment. In this
case therapy focusing on traditional phonological
awareness tasks would be indicated. In contrast, poor
performance on both the SDOP and a phonological
awareness task might indicate poorly specified underlying phonological representations impacting on the
ability to manipulate sounds. (This profile may also
indicate output processing difficulties, however other
tasks such as non-word repetition would be needed to
confirm this.) In this case therapy focusing on
developing accurate, well specified phonological
representations would be indicated in addition to
more traditional PA tasks.
Given the recognized processing difficulties in
children with Specific Language Impairment (SLI)
(Chiat 2000, Elbro et al. 1998) the SDOP will be a
useful tool for clinicians and researchers to add to their
clinical ‘toolbox’. This silent deletion task allows more
detailed investigation of a child’s underlying knowledge
of the phonological structure of words. The SDOP may
be particularly valuable in the assessment of children
who have output difficulties such as those who make a
range of speech errors, and those using AAC devices.
The task does not require an intact motor pathway as is
the case with many other tasks which assess the quality
of phonological representations.
While the SDOP has been shown to be a valid and
reliable tool in typically developing children aged seven
years more research is required to confirm its usefulness
in children of other ages and those with a language
impairment. The researchers are currently using the
SDOP to explore the internal structure of phonological
representations of a group of children with SLI. Both
accuracy and reaction time data are being collected for
children with SLI, as well as age-matched and languagematched peers.
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Stimulus
Training items
1. Teapot
2. Earring
Syllable level
1. Football
2. Starfish
3. Eggcup
4. Cowboy
5. Toothbrush
Onset-rime
Tie
Feet
Leg
Dice
Gate
Phoneme—final sound
1. Cart
2. Beak
3. Sword
4. Fork
5. Pies
Phoneme—WICI
1. Ski
2. Train
3. Switch
4. Swing
5. Block
Phoneme—WICF
1. Bread
2. Snail
3. Black
4. Blocks
5. Clap
Phoneme—WFCI
1. Sand
2. Nest
3. Trains
4. Pump
5. Ghost
Phoneme WFCF
1. Lamp
2. Belt
3. Gold
4. Shelf
5. Wink

Instruction

Target

Phono distractor

Phono distractor

Semantic distractor

Delete tea
Delete ring

Pot
Ear

Cot
Ring

Tea
Beer

Kettle
Head

Delete
Delete
Delete
Delete
Delete

foot (1)
fish (2)
cup (2)
boy (2)
tooth (1)

Ball
Star
Egg
Cow
Brush

Wall
Car
Leg
Cloud
Bus

Foot
Fish
Cup
Boy
Tooth

Basketball
Octopus
Spoon
Sheep
Toothpaste

Delete
Delete
Delete
Delete
Delete

t
f
l
d
g

Eye
Eat
Egg
Ice
Eight

Pie
Meat
Peg
Mice
Plate

Tyre
Wheat
Log
Dive
Game

Hat
Shoe
Arm
Game
Cage

Delete
Delete
Delete
Delete
Delete

t
k
d
k
z

Car
Bee
Saw
Four
Pie

Dart
E
Four
Saw
Eyes

Heart
Key
Door
Farm
Peas

Horse
Bird
Knight
Knife
Sauce

Delete
Delete
Delete
Delete
Delete

s
t
s
s
b

Key
Rain
Witch
Wing
Lock

C
Crane
Swing
Ring
Black

Sky
Tray
Watch
Swim
Clock

Sled
Bus
Light
Slide
Dice

Delete
Delete
Delete
Delete
Delete

r
n
l
l
l

Bed
Sail
Back
Box
Cap

Red
Nail
Sack
Lock
Clip

Head
Snake
Block
Socks
Map

Cake
Beetle
Grey
Toy
Hand

Delete
Delete
Delete
Delete
Delete

n
s
n
m
s

Sad
Net
Trays
Pup
Goat

Hand
Neck
Hay
Plum
Coat

Sack
Knot
Tray
Cup
Toast

Sand castle
Bird
Buses
Bike
Witch

Delete
Delete
Delete
Delete
Delete

p
t
d
f
k

Lamb
Bell
Goal
Shell
Wing

Cap
Bed
Bowl
Bell
Pink

Stamp
Head
Foal
Well
One

Table
Jeans
Silver
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Abstract
It has been hypothesized that children with specific language impairment (SLI) have difficulty processing
sound-based information, including storing and accessing phonological representations in the lexicon. Tasks
are emerging in the literature that provide a measure of the quality of stored phonological representations,
without requiring a verbal response. This article describes the performance of children with specific language
impairment (SLI) (n = 21), typically developing children matched for age (n = 21), and typically developing
children matched for language (n = 21) on two measures of phonological representations – the Quality
of Phonological Representations (QPR) and the Silent Deletion of Phonemes (SDOP) – and a measure of
phonological awareness, the Sutherland Phonological Awareness Test: Revised (SPAT-R). As predicted the
age-matched (AM) group demonstrated significantly better performance on all tasks than the SLI group. The
AM group performed significantly better than the language-matched (LM) group on the SDOP and SPAT
tasks, but not significantly differently on the QPR task. The SLI group performed significantly better than
the LM group on both the SDOP and SPAT, but their performance on the QPR was significantly weaker
than the LM group. The findings of this study provide support for the notion of lower quality phonological
representations in children with SLI thus placing them at increased risk of ongoing language and literacy
difficulties.

Keywords
assessment, phonological awareness, phonological representations, specific language impairment (SLI),
speech processing

I Introduction
The challenge for speech and language therapists to become evidence based in their practice
demands that we understand more about the nature of the underlying deficits with which our clients
present. It is difficult, indeed potentially impossible, for us to provide cost-effective intervention
until we understand more about the cause and specific nature of developmental speech and language impairments. This can be achieved if clinicians and researchers work together to study both
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the developmental trajectories of language skills and the underlying processing skills required to
achieve language competence.
In the adult field clinicians have been using psycholinguistic models to profile clients’ strengths
and weaknesses and to derive theoretically driven goals for a number of years. Models such as the
Psycholinguistic Assessment of Language Processing in Aphasia (PALPA) – which allows an analysis of the input and output processing of both spoken and written language – are useful in exploring the processing demands of language tasks at both the word and sentence level (Kay et al.,
1996). One of the reasons that psycholinguistic approaches to assessment can be used successfully
with the adult population is that the language system is assumed to have been intact and fully functioning prior to an incident.
There is evidence of emerging application of psycholinguistic frameworks to paediatric assessment/intervention with the work of Chiat (2000), and Stackhouse and Wells (1997). One difficulty
in the paediatric population is that assumptions about the system cannot be made in the same way,
because the language system is still developing and in most cases a weakness in language skills is
developmental rather than the result of a neurological incident (Roy and Chiat, 2008). Thus in
planning assessment and interpreting performance on assessment tasks, we need to consider both
the processing demands of the individual task as well as the developmental level and experience of
the child. In order to interpret assessment findings accurately it is important that we understand the
development and processing demands of specific tasks. At this point such information is scarce and
consequently clinicians and researchers must work together to ‘construct task specific trajectories
with hypothesized pathways’ (Roy and Chiat, 2008: 5).
The first step in this process is to develop our understanding of such trajectories with typically
developing children, in order to increase our understanding of typical language development. This
in turn needs to be followed with studies of children with atypical language development such as
specific language impairment (SLI), speech impairment and disorders on the autism spectrum.

1

Stackhouse and Wells’ psycholinguistic framework

Stackhouse and Wells (1997) devised a theoretically driven and clinically applied psycholinguistic
model of speech processing. In this model, the lexicon is described as consisting of phonological,
semantic and syntactic representations, as well as a motor program (Stackhouse and Wells, 1997).
As literacy is acquired an orthographic representation is also laid down. This model is unique in
that it consists of three components: the speech processing profile (as seen in Figure 1), the model
of speech processing and the developmental phase model (Stackhouse and Wells, 1997). The combination of these components facilitates theory driven assessment of the whole system, allowing
both exploration of processing demands of specific tasks and developmental considerations.
The assessment framework allows clinicians to develop hypotheses about a client’s speech processing skills in terms of speech input, lexical storage and speech output, and then design and/or
draw on existing assessment tasks to test these hypotheses and plan theory-driven intervention.
Assessment tasks are developed with consideration of the gradual development of the speech processing system and children’s performance interpreted in terms of developmental phases of the
unfolding system (Stackhouse and Wells, 1997).

2

Phonological representations

Phonological representations are the sound-based codes stored in the lexicon for each word
(Anthony et al., 2010; Gillon, 2002). It is generally accepted that phonological representations are
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Figure 1 The speech processing profile: Children’s speech and literacy difficulties: A psycholinguistic
framework
Source: Stackhouse and Wells, 1997 (reproduced with permission from John Wiley and Sons)
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initially a holistic articulatory gesture associated with the meaning of a word (Maillart et al., 2004;
Snowling and Hulme, 1994). The lexical restructuring (Metsala and Walley, 1998) and segmentation (Fowler, 1991) hypotheses suggest that with the rapid increase in vocabulary during the preschool years, more finely grained phonological representations are developed and stored. As
vocabulary continues to develop, so phonological representations become more specific, with lexical items segmented into increasingly smaller units. Precise, well-defined phonological representations are important for distinguishing between similar sounding lexical items, retrieving words and
performing phonological awareness tasks (Fowler, 1991). It has been suggested that it may be
more difficult to segment and manipulate low quality phonological representations (Elbro et al.,
1998).
Phonological representations are of interest to both clinicians and researchers alike, as there is
evidence to suggest that the establishment of precise and well-defined phonological representations is vital for achieving language competence and later for literacy acquisition (Bishop and
Snowling, 2004).

3

Phonological representations in specific language impairment

It has been suggested that weaknesses in the establishment and maintenance of phonological representations is an underlying deficit in conditions such as specific language impairment, and dyslexia, as well as sub-groups of children with speech sound disorder (Pennington and Bishop, 2009).
In fact the firmly established and long standing observation that children with SLI exhibit weakness carrying out nonword repetition tasks (Bishop and Snowling, 2004; Conti-Ramsden et al.,
2001) and word learning tasks (Kan and Windsor, 2010) has led to speculation that difficulty forming and retrieving phonological representations may be an underlying deficit in SLI. The repetition
of nonwords requires the formation, storage and retrieval of a new phonological representation,
while learning new words requires the development of both phonological and semantic representations and the development of links between the two (Alt and Plante, 2006).
The relationship between, and co-existence of, SLI and dyslexia has been explored by a number
of researchers with some proposing that children with dyslexia have more severe phonological difficulties than those with SLI (Catts et al., 2005). Other researchers have proposed that disorders
such as these are a result of a range of risk and protective factors that may be shared (Pennington,
2006). However, in order to understand the role of phonological representations in SLI and related
conditions it is vital that we develop a battery of discriminatory assessment tasks.

4

Assessment of phonological representations

A range of tasks such as nonword repetition, auditory lexical decision and gating tasks have been
used to assess quality of phonological representations. For example, in Elbro et al. (1998) a child
was required to correct a puppet’s inaccurate productions of common words such as ‘crocodile’. In
2007, Stackhouse et al. released a compendium of tasks to be used in conjunction with the speech
processing model in order to facilitate interpretation of performance. This book provides examples
of tasks mapped to the Speech Processing Profile for a range of developmental stages, and normative data where available. However to date there are only a limited number of tasks that measure
the quality of a child’s phonological representations (Level E on the framework ‘Are the child’s
phonological representations accurate?’; Stackhouse and Wells, 1997). Tasks to assess Level F on
the framework, ‘Is the child aware of the internal structure of phonological representations?’
(Stackhouse and Wells, 1997) are even more scarce. Assessment of these levels on the profile is
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vital as they provide insight into a child’s own stored phonological representation rather than the
child’s ability to judge, store or manipulate a word that they have heard.
Many assessment tasks involve both the processing of speech input and the production of
a motor output response as well as accessing stored phonological representations.
Interpretation of a child’s performance can be confounded because it is difficult to isolate the
locus of the breakdown. In an attempt to address this, researchers have begun to develop
tasks that require a child to make judgements about the accuracy of multisyllabic word productions, and to provide responses that do not require output/verbal responses: the Quality of
Phonological Representations task (QPR), (Claessen et al., 2009) and the Phonological
Representation Accuracy Judgment task (Sutherland and Gillon, 2005). Tasks such as this
assess the quality or precision of stored phonological representations at the whole-word level.
In order to investigate the internal structure of underlying stored phonological representations, Claessen et al. (2010) developed the Silent Deletion of Phonemes Task (SDOP). This
task requires a child to reflect on and analyse the internal structure of their stored phonological representation.

5

The current study

One of the major limitations in both research and clinical practice with children with SLI has been
the lack of valid and reliable receptive measures of phonological representations. Tasks have been
emerging in the literature, with indications of validity and reliability and normative data for typically developing children, however there has been little research into the performance of children
with SLI.
Thus the aim of this article is to explore the quality of phonological representations in children
with SLI, as compared to age-matched and language matched peers, and add to the evidence base
to support informed clinical decision-making. The article will compare performance on two previously reported silent measures of phonological representations, to performances on a traditional
phonological awareness test. One measure of phonological representations, the QPR, investigates
the quality of stored phonological representations at the whole word level. The second task, the
SDOP, aims to measure a child’s ability to reflect on, and manipulate the internal structure of stored
phonological representations. Both of these tasks are receptive measures of phonological representations, and do not require a verbal response. The specific hypothesis for this study is that children
with SLI will perform significantly worse on measures of phonological representations and phonological awareness than age-matched and language-matched peers.

II Method
1 Participants
Approval for all aspects of this research was granted from the Curtin University Human Research
Ethics Committee and the Western Australia Department of Education and Training Research and
Planning Unit. Procedures complied with confidentiality guidelines and both caregivers and participants provided informed consent to participate.
Sixty-three children were recruited for this study (36 males, 27 females). All participants passed
a hearing screen at 25 dB across the range 500–8,000 Hz; demonstrated intelligible speech as judged
by an experienced Speech and Language Therapist; and appropriate pragmatic skills as judged by
their classroom teacher. English was the first language for all participants in this study.
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Twenty-one children with SLI were recruited from a language development school in Perth,
Western Australia. To be included in this group participants were required to have nonverbal cognitive skills within the average range as measured by the Block Design and Picture Concepts subtests
of the Weschler Intelligence Scale for Children: Third revision (WISC-3) (Wechsler, 1991).
Participants were also required to have a Core Language Standard Score of 85 or less on the
Clinical Evaluation of Language Functioning: IV (CELF-IV) (Semel et al., 2003). The CELF-IV
was selected as the reference measure for language skills as it has sensitivity and specificity of .83
and .90 respectively for the Core Language Score with the adopted cut-off of 1 standard deviation
below the mean (Semel et al., 2006). Scoring of all formal measures (the CELF-IV, WISC-3;
WPPSI-III,) followed the guidelines in the manual accompanying each test.
Twenty-one age-matched (AM) participants and 21 language-matched (LM) participants were
recruited from a metropolitan primary school in Perth, with a similar socioeconomic profile to the
Language Development Centre. All participants for these groups were required to have nonverbal
cognitive skills within the average range as measured by the Block Design and Picture Concepts
subtests of the WISC-3 (Wechsler, 1991) for the AM group, and the Block Design and Matrix
Reasoning Subtests of the Wechsler Preschool and Primary Scale of Intelligence: Third edition
(WPPSI-III) (Wechsler, 2004) for the younger LM group. Participants were also required to have
a Core Language Standard Score of more than 85 on the CELF-IV (Semel et al., 2003).
Each SLI participant was matched to an AM participant by age in months and gender. The average
difference in age between the SLI and AM participants was 13 months. Each SLI participant was
matched to a LM participant by gender and receptive language skills as measured by raw score on the
Concepts and Following Directions Subtest on the CELF-IV. The average difference in raw scores
between the SLI and LM participants was .65. Participants were matched by gender to ensure the groups
were as similar as possible. Participants’ performance on selection measures are summarized in Table 1.

2

Measures

Each participant was assessed on two measures of phonological representations: the Quality of
Phonological Representations Task (QPR) (Claessen et al., 2009) and the Silent Deletion of
Phonemes Task (SDOP) (Claessen et al., 2010). These tasks were scored following the published
guidelines. In addition each participant was assessed on a measure of phonological awareness, the
Sutherland Phonological Awareness Test: Revised (SPAT-R) (Neilson, 2003a), which was scored
according to the manual guidelines.
Table 1 Performance on participant selection tasks
Variable

SLI
Mean

Age (months)
Cognitive skillsa
Language skillsb
Language
matching scorec

91.05
9.81
69.90
26.62

AM

LM

SD

Range

Mean

SD

Range

Mean

SD

Range

3.60
1.65
11.34
9.135

82–96
8–13
45–85
11–42

90.90
10.43
101.19
40.38

4.19
1.62
6.95
6.289

82–98
8–13
90–115
23–50

65.86
9.86
101.43
26.86

3.47
1.63
9.32
7.735

59–71
8–13
85–117
15–42

Notes: aCognitive skill is the mean of the subtest standard scores from the WISC-3, and WPPSI-III. bThe Language skills
score is the Core Language Score obtained from the CELF-IV. cThe raw score on the Concepts and Following Directions
subtest on the CELF-IV
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a Quality of phonological representations task (QPR): The QPR task is an auditory lexical discrimination task where children are required to judge the accuracy of a production of multi-syllabic word.
In this task children are presented with four correct and six incorrect productions of each of the 10
stimulus items (for a list of stimulus items, see Appendix 1). Incorrect productions were generated
by varying either one consonant or one vowel in the stimulus item (for details, see Claessen et al.,
2009). For the QPR the measure of Correct Rejections was adopted, based on the number of inaccurate productions that were judged to be inaccurate. This measure had been found to be more
closely linked to measures of phonological awareness and literacy than to the total number of items
completed correctly (Claessen et al., 2009). There is moderate internal consistency of .84 for the
task with children of a similar age to the SLI sample in this research; however, as the QPR task is
unique, concurrent validity has not yet been established (Claessen et al., 2009).
b Silent Deletion of Phonemes (SDOP) task: The SDOP requires children to look at a picture and
perform a deletion task without either hearing the word said aloud or saying it aloud themselves.
The child is provided with a verbal instruction and then asked to select the correct item from an
array of four pictures presented on a computer screen (Claessen et al., 2010). For this task, each
participant achieved a raw score, based on the number of items that were completed correctly. The
SDOP was selected as there is a relative paucity of tasks available that assess ability to reflect on
stored representations. There is moderate internal consistency of .845 for the 35 test items (Claessen
et al., 2010) and a correlation of .63 with the SPAT-R (Neilson, 2003a). This correlation was
deemed to be sufficient to demonstrate concurrent validity, particularly given the different methods
of data presentation and nature of the response required (Claessen et al., 2010).
c Sutherland Phonological Awareness Test: Revised (SPAT-R): The SPAT-R (Neilson, 2003a) was
selected as the measure of phonological awareness as it has reliable psychometric properties, and
as it was developed in Australia test items and normative data were suitable for the participants in
this study. The subtests of the SPAT-R require judgement, production, segmentation, blending and
deletion of syllables, onsets, rimes and phonemes. There is strong internal consistency of .95 for
the items in the SPAT-R (Neilson, 2003a) and a strong correlation of .86, with an alternate measure
of phonological awareness, The Astronaut Invented Spelling Test (Neilson, 2003b).

3

Procedure

Each participant was assessed in a quiet, familiar environment within their school setting. All tasks
were administered by the first author, a speech and language therapist experienced in working with
school-age children. Tasks were administered over two sessions at least one week apart. In the first
session the participant selection tasks were administered, and all items from the SDOP were named
to ensure children were familiar with each item. In the second session, the SDOP task was completed and the QPR and SPAT-R administered. A Hewlett Packard laptop computer was used to
administer the SDOP and QPR tasks. Headphones were used for these tasks to minimize the impact
of background noise, and results were digitally recorded on the computer.

III Results
The means, standard deviations and percentile ranks for the QPR, SDOP and SPAT-R are shown in
Table 2. Percentile ranks for the SDOP were obtained from the data provided in Claessen et al.
(2010); for the QPR from the data provided in Claessen et al. (2009); and for the SPAT-R from the
examiner’s manual (Neilson, 2003a).
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Table 2 Means, standard deviations and percentile ranks for measures of phonological representation
Measure SLI

SDOP
QPR
SPAT-R

AM

LM

Mean

SD

Percentile Mean

SD

Percentile Mean

SD

Percentile

17.77
38.24
40.00

5.97
5.66
9.67

16
7
28

6.05
4.80
5.81

50
36
54

4.28
7.01
7.64

n/aa
54
20

23.81
47.52
46.76

12.29
44.10
17.86

Note: aNo normative data is available for this age group on the SDOP task.

A multivariate analysis of variance (MANOVA) was used to examine the differences between
groups on the measures of phonological representation and phonological awareness. Prior to carrying out the MANOVA, the data were examined to ensure all assumptions were met. As all
assumptions were supported by the data, the MANOVA was conducted. Results indicated there
was a significant difference between the groups on the combined dependent variables, F(6,118) =
23.532, p = < .001, partial η2 = .543.
Analysis of individual dependent variables, showed that the QPR variable was significantly different
across groups, F(2, 60) = 13.337, p < .001, partial η2 = .308. Post-hoc analysis using Tukey’s HSD (alpha
= 0.05) revealed that the AM group (M = 47.52, SD = 4.80) performed significantly better than the SLI
group (M = 38.24, SD = 5.66), and the LM group (M = 44.10, SD = 7.01) performed significantly better
than the SLI group. The difference between the AM and LM groups was not significant. Effect size for
these relationships were d = 1.319, .832, and .487 respectively, indicating moderate to large effect sizes.
The SDOP was significantly different across groups, F(2, 60) = 23.088, p < .001, partial η2 =
.435. Post-hoc analysis using Tukey’s HSD (alpha = 0.05) revealed that the SLI group (M = 17.76,
SD = 5.97) scored significantly lower than the AM group (M = 23.81, SD = 6.05) and significantly
higher than the language-matched group (M = 12.29, SD = 4.28). The difference between the AM
and LM groups was also significant. Effect sizes of d = .920, .8334, and 1.754 respectively, indicated large effect sizes for these relationships.
The SPAT variable was also significant across groups, F(2, 60) = 77.50, p < .001, partial η2 =
.721. Post-hoc analysis using Tukey’s HSD (alpha = 0.05) revealed that the SLI group (M = 40, SD
= 9.67) scored significantly lower than the AM group (M = 46.76, SD = 5.81) and significantly
higher than the language-matched group (M = 17.86, SD = 7.64). The difference between the AM
and LM groups was also significant. Effect sizes were d = .72, 2.35, and 3.07 respectively, indicating large effect sizes for these relationships.

IV Discussion
This study aimed to explore the quality of phonological representations in children with SLI compared to age matched and language matched peers, and to add to the evidence base to support
informed clinical decision-making. It was predicted that the children with SLI would perform
significantly more poorly than the comparison groups on each of the measures

1 Summary of performance
As predicted, the AM group demonstrated significantly better performance on all tasks than the
SLI group. The AM group also performed significantly better than the younger LM group on the
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SDOP and SPAT tasks but not significantly differently on the QPR task. In contrast, the SLI group
performed significantly better than the LM group on both the SDOP and SPAT tasks but significantly weaker than the LM group on the QPR task. This pattern was not predicted, and therefore
differences between participant groups and the nature of the individual tasks must be considered.

2 Differences in groups
The SLI and AM groups consisted of children with an average age of 7;6 (7 years, 6 months) who
were in their third year of formal schooling, while the LM group had an average age of 5;6 and
were in their first year of formal schooling. This is important as not only were the LM participants
two years younger than the other participants, but they had not received the same level of formal
literacy instruction as the other groups. Given the strong evidence that phonological awareness
(PA) skills and reading skills are highly correlated, early literacy instruction generally includes a
significant PA component (Gillon, 2004), which must be considered in the interpretation of results.
Thus we would expect the LM group, who are at an earlier developmental stage, to have weaker
performance on tasks that draw on underlying PA skills and knowledge, as well as working memory, such as the SPAT-R and also the SDOP.
As expected the AM group performed significantly better than the LM group on each task, suggesting that their phonological processing skills are well established in the metaphonological phase
of the speech processing model (Stackhouse and Wells, 1997), while the skills of the younger LM
participants are still emerging in this phase. The performance of the SLI participants falls between
that of the other two groups on the SDOP and SPAT-R; however, their performance on the QPR is
worse than predicted and, thus, in addition to a developmental perspective, the processing routes
for the individual tasks need to be considered.

3 Differences in demands of the tasks
According to the Stackhouse and Wells (1997) framework, each of the three experimental measures requires the use of different processing routes.
The QPR task aims to explore the quality of stored phonological representations and addresses
the Level E question on the Stackhouse and Wells speech-processing profile (1997) ‘Are the child’s
phonological representations accurate?’ This task requires input processing and judgement at the
whole-word level, with the child required to compare the phonological forms provided to them by
the speaker with the phonological representation that is activated from their own underlying
semantic representation for the lexical item. On this task the SLI participants evidenced the weakest performance, with the difference between the SLI and both AM and LM groups being significant. These results suggest that the SLI children have more imprecise or ‘fuzzy’ phonological
representations than either age-matched or language-matched peers and thus are more likely to
accept ‘near misses’ as correct productions than either of the groups with typically developing
language skills. This result is consistent with the recent findings of Marshall et al. (2010) who
adopted a similar approach and found that children with SLI were more likely to accept words that
were produced with phonological errors than either typically developing or dyslexic peers.
The SDOP corresponds to Level F on the Speech Processing Profile – ‘Is the child aware of the
internal structure of phonological representations?’ (Stackhouse and Wells, 1997) – again requiring
input, but not output processing. It can be considered an input PA task, where the child is required
to analyse the internal structure of the word stored in their lexical representation. Items in the
SDOP are presented randomly, and then scored. A score higher than 15 indicates the ability to

Downloaded from clt.sagepub.com at Curtin University Library on May 3, 2012

220

Child Language Teaching and Therapy 28(2)

delete a phoneme from a consonant cluster (e.g. delete the /r/ sound from /bred/). On the SDOP, the
AM group achieved a mean score of 23.81, demonstrating they are able to perform deletion at this
complex level; the SLI group achieved a mean of 17.77 suggesting this ability is emerging; while
the LM group achieved a mean of 12.29 suggesting they are able to delete at a single phoneme
level, but are not yet able to delete phonemes from consonant clusters. On this input phonological
awareness task, the AM group performed significantly better than the SLI children who in turn
performed significantly better than the LM children, and thus a developmental pattern was
observed.
The SPAT-R is a traditional measure of PA and thus addresses the Level H question: ‘Can the
child manipulate phonological units?’ (Stackhouse and Wells, 1997). This task involves both
input and output processing as the target items are presented verbally and the child is generally
required to perform a metalinguistic analysis on an input phonological representation provided
by the tester, create a motor program for output and formulate a verbal response. On this task,
the AM children performed at the highest level, followed by the SLI group then the LM group,
with the differences between each group significant. The LM group had significantly weaker
PA skills than either the AM or SLI group. This finding is not surprising given the difference in
both age and formal schooling between the LM group and the other groups. The SLI children
did significantly better on the PA task than the LM children, and not as well as the AM children,
which suggests both the developmental nature of PA and their emerging skill development in
the metaphonological phase.
The difference in patterns of performance between the Level E task and the Level F and Level
H tasks was unexpected. This finding suggests that perhaps children with SLI have difficulty laying down accurate phonological representations, but also that the quality of their semantic representations and the links between these representations in the lexicon may not be as well developed
and this may influence their ability to judge the accuracy of spoken words. This observation is
consistent with the proposal that the difficulty that children with SLI have in learning new words
is due to ‘difficulty creating and storing phonological representations of new words and establishing a strong link between those representation’ (Gray and Brinkley, 2011: 870).
A further consideration is the role of working memory (WM) required in the QPR task, which
involves holding the heard word in working memory while comparing it to the semantic and phonological representation of the word accessed by recognition of the picture. The WM difficulties
of children with SLI have been established (Montgomery et al., 2010), and future studies should
explore the potential influence on working memory on performance on the QPR and similar tasks.

4 Evaluation of the hypothesis
The hypothesis that children with SLI will have weaker phonological representations and phonological awareness than age-matched and language-matched peers received limited support. The
SLI participants demonstrated significantly lower quality phonological representations than either
the AM or LM participants. In contrast their PA skills, on the SPAT, fell between those of the agematched group and the language-matched group. In addition, on the SDOP task, which draws on
both underlying representations and PA, the SLI participants demonstrated skills that, while not as
strong as the AM group, were significantly better than the LM group.
This finding supports suggestions that with a focus on PA skills in the early school years, children’s PA skills can improve and underpin development through the metaphonological phase,
allowing children to take advantage of phonological awareness and literacy instruction (Stackhouse
and Wells, 1997). However, it also suggests that for children with SLI, improvement in PA as
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occurs in traditional PA programs – based on a metalinguistic, predominantly output-based
approach to therapy using task items presented to the child by a therapist – does not in turn necessarily lead to higher quality, more accurate stored phonological representations.

5 Importance of high quality phonological representations
Many researchers (Alt and Plante, 2006; Chiat, 2001; Gray, 2005) suggest that development in the
areas of vocabulary and syntax relies heavily on phonological information being perceived and represented accurately in order to establish the strong links between semantic and phonological representations of words required to learn new words. The work of Stackhouse and Wells (1997) has
emphasized the role of a strong and well-developed underlying speech processing system in processing phonological information and establishing the foundations for speech, language and ultimately
literacy. Poor quality representations may also impact on a child’s ability to use phonological information in reading and spelling (Sutherland and Gillon, 2005), and there is evidence to support the
notion of less mature phonological representations in children with dyslexia (Boada and Pennington,
2006). Claessen et al. (2010) found significant correlations between performance on the SDOP and
performance measures of spelling and reading in typically developing children, again providing support for the importance of high quality phonological representations for literacy.
The findings of this present study also provide support for the notion of lower quality phonological representations in children with SLI, thus placing them at increased risk of ongoing language and literacy difficulties.

6 Clinical implications
In recent times much emphasis has been placed on teaching children the metacognitive skills
required to complete PA tasks, with the aim that this would in turn lead to better specified phonological representations and therefore improved literacy skills (Gillon, 2004). There is evidence that
PA therapy is effective but results of studies designed to measure the effect of PA instruction on
literacy acquisition have been inconsistent (Hesketh, 2010). Results of this study suggest that the
focus on PA skills in the early school years does support the development of PA; however, in children with SLI their underlying phonological representations may remain significantly weaker than
those of typically developing children.
In clinical practice, we must consider how to improve the quality and accuracy of phonological
representations in children with SLI. Rees (2001) recommends that therapy should target and
strengthen links in the lexicon. Hesketh (2010) cites one example of a study designed to target phonological representations directly. In this study by Rvachew et al. (2004) one group of children
received intervention based on mispronunciation detection tasks in addition to standard speech and
language therapy. This led to an improvement in detection of mispronunciations; however, there was
no improvement in PA. While this avenue of research looks promising, further research is necessary
to develop, and evaluate theory driven therapy that has been designed to develop PA skills while also
aiming to improve underlying phonological representations and strengthen the links in the lexicon.
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Appendix 1 Items from the quality of phonological representations task
Item

Phonological representation

Training A: Boomerang
Training B: Ambulance
1. Helicopter
2. Telescope
3. Dominoes
4. Crocodile
5. Television
6. Hippopotamus
7. Binoculars
8. Microphone
9. Rhinoceros
10. Spaghetti

/bumræ/
/æmbjulns/
/helikpt/
/telskop/
/dmnoz/
/krkdal/
/telvn/
/hpptms/
/bankjulz/
/makrfon/
/ransrs/
/spgeti/
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Abstract
In order to provide effective intervention for children with specific language impairment (SLI), it is crucial that there is an
understanding of the underlying deficit in SLI. This study utilized a battery of phonological processing tasks to compare the
phonological processing skills of children with SLI to typically-developing peers matched for age or language. The children
with SLI had significantly poorer performance than age-matched peers on measures of phonological representations, phonological awareness, rapid automatized naming, phonological short-term memory, and one measure of working memory.
Of particular significance, the SLI group also demonstrated significantly weaker performance than language-matched peers
on one measure of phonological representations, and one measure of working memory. The findings provide some support
for a phonological processing account of SLI and highlight the utility of using tasks that draw on a comprehensive model of
speech processing to profile and consider children’s phonological processing skills in detail.

Keywords: Phonological processing, phonological representations, specific language impairment (SLI), assessment.

Introduction
Specific Language Impairment (SLI) is a term used
to describe a group of children who show a significant impairment in language ability in the absence
of neurological, sensory, or physical impairment
(Leonard, 1998). There is much debate in the literature about the cause, presentation, diagnosis, and
treatment of SLI. Research has been hampered by
the heterogeneity evident within the diagnostic
group as well as a paucity of tasks to measure specific skills. This is particularly so in the area of quality of stored phonological representations, which
has been identified as a potential deficit in SLI
(Edwards & Lahey, 1998).
In order to provide effective and efficient interventions for children with SLI it is crucial that we
have an understanding of the underlying deficit in
SLI. A number of theories have been proposed.
Processing theories have become prominent in
recent years, specifically those which suggest that
weaknesses in phonological processing may explain
the profile of language difficulties observed in SLI,
although researchers differ on their views of the
underlying mechanism (Schwartz, 2009). Further,
many researchers have proposed a substantial
overlap between children with SLI and those with
a diagnosis of reading disability or dyslexia (Catts,
Adlof, Hogan, & Ellis Weismer, 2005; McArthur,

Hogben, Edwards, Heath, & Mengler, 2000),
similarly placing an emphasis on the notion of
underlying phonological processing difficulties
(Gillon, 2004).
The importance of phonological processing in language acquisition underpins the mapping theory of
SLI (Chiat, 2001). Mapping theory proposes that, in
order to learn language, children must segment the
speech stream they hear into individual words and
morphemes, and, with the support of context, attach
meaning (or “map”) to these segments (Chiat, 2001).
There is evidence that, from a young age, infants are
able to identify crucial features of speech, which aids
segmentation of the incoming speech stream (Chiat,
2001). While the child uses prosodic cues to distinguish word boundaries they must then use context
to make a connection between the sounds they hear
and the referent. Chiat (2000) notes that children as
young as 9 months are able to point to a familiar
item when named, indicating that, even prior to the
emergence of single words, children are able to map
between phonology and semantics. For concrete
words, such as nouns, segmenting the speech stream
and isolating individual words is facilitated by adults’
use of strategies such as decreased rate of speech,
and a focus on talking about the here and now. The
task is much more difficult for abstract words such
as verbs, as their referent is only fleeting. Chiat
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(2001) proposed that the widespread impairment in
language observed in children with SLI may be
explained by impaired phonological processing skills
which disrupt this mapping of phonological form
onto meaning.
Phonological memory plays a vital role in the
segmentation of the incoming speech stream and
subsequent development of precise and accurate
phonological representations in the lexicon as words
are learned. Gathercole and Baddeley (1990) suggested that the deficits seen in SLI can be explained
by limited phonological memory capacity. This
limitation may result in reduced quantity and/or
quality of information stored in the lexicon, which
in turn may affect the development of language
more broadly.
Phonological processing
A phonological processing account of SLI suggests
that a weakness in the ability to process sound-based
information is, thus, at the core of SLI (Schwartz,
2009). Wagner and Torgesen (1987) suggested that
this broad construct of phonological processing consists of three separate but linked phonological abilities: phonological awareness, phonetic coding in
working memory, and phonological recoding in
lexical access (Wagner & Torgesen, 1987).
Phonological awareness (PA) is “the awareness of
the sound structure, or phonological structure, of a
spoken word” (Gillon, 2004, p. 2). Phonological
awareness skills are said to develop along a continuum from syllable level, to onset-rime level, and
finally to phoneme level. PA can be assessed using a
range of tasks such as blending or segmenting the
syllables or sounds in words, and manipulating the
sounds in words to form new words and performance
on PA tasks is highly correlated with literacy skills
(Gillon, 2004).
Phonetic coding in working memory has commonly been assessed using measures of the phonological loop and central executive, such as digits
forward, digits backward, and non-word repetition.
In addition, some researchers have assessed working
memory capacity using competing language processing tasks. Many studies demonstrate that children
with SLI have difficulty with non-word repetition
(Archibald & Gathercole, 2006; Botting & ContiRamsden, 2001; Ellis Weismer, Tomblin, Zhang,
Buckwalter, Chynoweth, & Jones, 2000; Marton &
Schwartz, 2003), and it has been suggested that difficulty in repeating non-words may be a good phenotypical marker for SLI (Bishop, North, & Donlan,
1996; Conti-Ramsden, Botting, & Faragher, 2001).
Marshall and van der Lely (2009) investigated the
effect of word stress and consonant clusters on the
performance of children with SLI, SLI ⫹ dyslexia,
dyslexia only, and typically-developing children on
a non-word repetition task. They found that both

SLI and dyslexic participants performed significantly
worse than even younger typically-developing participants. Of significance in this study was the finding
that consonant clusters in medial position were of
particular difficulty for both these groups, which
suggests that non-word repetition tasks are not simply a measure of phonological working memory, but
that they also draw on the storage of, and access to,
phonological representations.
Rapid automatized naming is considered to be a
measure of phonological processing as it measures
the rapid retrieval of phonological codes from the
lexicon. Rapid automatized naming tasks require a
speaker to look at an array of colours, letters, digits,
or objects, and name each one as quickly as possible.
It has been suggested that slow performance may
result from imprecise underlying phonological representations which affect accessibility (Snowling, 2000):
however, difficulties at a motoric level may also have
an impact. Performance on a rapid automatized naming task may, therefore, be affected by speech output
as well as more generally by slow access and processing speed (Wolf & Bowers, 1999).
The range of tasks described above has been commonly used to assess the three broad areas described
by Wagner and Torgesen (1987). However, a consideration of the processing demands of these tasks
reveals that they draw on input and output processing skills, and require access to lexical representations, to varying degrees.
A speech processing model
In order to facilitate a clearer understanding of
how phonological information is processed, encoded,
stored, retrieved, and used, a psycholinguistic
approach can be adopted to explore the processing
demands of such tasks. The Speech Processing
model developed by Stackhouse and Wells (1997)
(see Figure 1) is one such example. Application of
the model allows clinicians and researchers to profile and identify strengths and weaknesses in a
child’s speech processing skills, and subsequently
plan targeted intervention.
Input. When verbal information is received it is
processed and held in working memory while
phonological representations are either accessed or
developed (Stackhouse & Wells, 1997; Sutherland &
Gillon, 2005). Baddeley and Hitch (as cited in
Gathercole & Baddeley, 1990) propose a model of
memory consisting of a central executive, which oversees the allocation of attentional resources, and two
modality-specific buffer systems—the visuospatial
sketchpad and the phonological loop. The phonological loop is responsible for the temporary storage
of verbal information, particularly novel phonological
input, while other cognitive tasks such as verbal reasoning or auditory comprehension take place, and is
often referred to as phonological short-term memory
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Figure 1. The speech processing profile. Children’s speech and literacy difficulties: A psycholinguistic framework. Stackhouse, J. & Wells,
B. (1997). Copyright John Wiley & Sons Limited. Reproduced with permission.

(Montgomery, Magimairaj, & Finney, 2010). It is
widely believed that the phonological loop plays an
important role in the development and storage of
phonological representations in the lexicon (Montgomery et al., 2010) The central executive is considered to play an important role in the “co-ordination
of the flow of information throughout working memory” (Montgomery et al., 2010, p. 79). The central
executive and phonological loop must work together
to ensure that incoming information can be held in
short-term memory while phonological representations are developed or accessed. The episodic buffer
was later added to this model (Baddeley, 2000), and
is believed to function as a temporary storage device
important in processing chunks of language. These
processes result in long-term storage.
Storage (lexical representations). The store, or lexical
representation, contains information about the
meaning of a word (semantic representation), the
grammar of a word (grammatical representation), a
set of instructions for producing a word (motor
programme), and information about how to read
and write a word (orthographic representations), as
well as a phonological representation (information
about the sound of a word) (Stackhouse & Wells,
1997).
The concept of a phonological representation is an
abstract one; however, the term has been widely used
to explain the storage of phonological information in

long-term memory (Sutherland & Gillon, 2005). It
is believed that there is a phonological representation
or sound-based code for each word in the lexicon
(Gillon, 2002). Phonological representations must
contain enough information to distinguish a word
from similar sounding words (Stackhouse & Wells,
1997) but be abstract enough to allow for variation
in pronunciation, intonation, as well as linguistic
context (Marshall, Ramus, & van der Lely, 2010). It
has been proposed that low quality, poorly specified
phonological representations may affect many
other aspects of language (Chiat, 2001; Joanisse &
Seidenberg, 1998). For example, within the mapping
theory, Chiat (2001) suggests that development
in the areas of vocabulary and syntax relies heavily
on phonological information being perceived and
represented accurately, and that phonological representations which are poorly specified and imprecise
may be the result of the phonological processing
weaknesses evident in SLI. Imprecise phonological
representations may in turn lead to weakness in phonological awareness, and difficulties in reading and
spelling (Gillon, 2004).
Output. In order to say a word the stored semantic
representation must be activated and retrieved
from the lexicon and then the motor program
retrieved. In the case of new words or non-words
(which thus can’t be retrieved from the lexicon), a
new motor program is constructed by selecting
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stored phonological units and assembling them in
new combinations. Once the motor program has
been either retrieved or constructed, the various
gestural targets must be assembled in real time,
taking account of contextual requirements such as
rhythm and intonation, as the word is said aloud
(Stackhouse & Wells, 1997).
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Assessing speech processing skills
Stackhouse and Wells (1997) provide a profile based
on the speech processing model (see Figure 2) useful
in considering the processing demands of a variety
of tasks, thus allowing analysis of whether the task
requires input processing, access to representations,
output processing, or a combination of these.
Picture naming tasks require a child to access his/
her stored semantic representation of a word and
then activate his/her motor program to produce the
word. Picture naming tasks are said to address the
question at Level G on the speech processing profile:
“Can the child access accurate motor programmes?”

(Stackhouse & Wells, 1997). Confrontation naming
tasks may include a range of lexical items or draw on
representations of over-learned items under speeded
conditions such as in rapid automatized naming tasks.
Performance on picture naming tasks is, therefore,
considered to draw upon underlying phonological
representations and output motor programs.
Non-word repetition tasks address the question at
Level J on the speech processing profile: “Can the
child articulate speech without reference to lexical
representations?” Although these tasks require verbal
output they do not require the child to access stored
phonological representations, as the task requires
online creation of a new motor program after hearing
a non-word said to them, which they then have to
hold in working memory while creating a new motor
program. However, there is some evidence that performance is influenced by underlying knowledge of
the sound structure of words (Marshall & van der
Lely, 2009). Difficulties with non-word repetition
may, therefore, be explained by poor input processing, weak phonological short-term memory, and

Figure 2. The speech processing profile. Children’s speech and literacy difficulties: A psycholinguistic framework. Stackhouse, J. & Wells, B.
(1997). Copyright John Wiley & Sons Limited. Reproduced with permission.
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difficulties with motor programming and/or motoric
output (Gallon, Harris, & van der Lely, 2007). Repetition of digits forward, a measure of memory span,
relies on a similar processing pathway and, therefore,
can be considered to address the Level J assessment
question, as access to stored representations is not
mandatory. Repetition of digits in reverse order,
which is considered a measure of central executive,
again relies on input processing, memory, and
motoric output, drawing more heavily on working
memory.
Phonological awareness tasks may draw on differing processing demands depending on presentation
of the task and the request made of the child. Many
tasks, such as phoneme segmentation or deletion of
sounds in words, are presented verbally to a child by
the tester, and address the question at Level H: “Can
the child manipulate phonological units?” These
tasks require input processing and analysis of the
heard word, then manipulation and creation of a new
motor programme prior to a spoken response. Difficulties with phonological awareness may therefore
reflect breakdowns at multiple levels of the speech
processing pathway, in addition to the possible
impact of working memory difficulties which may
affect task performance.
When we turn to tasks that assess the stored phonological representations themselves, we need to be
able to look in more detail at the way phonological
information is represented in the lexicon. Elbro
(1998, p. 149) suggested that “the distinctness of
phonological representations influences the speed
and accuracy of different phonological processes”.
Low quality, imprecise, or fuzzy phonological representations may result in imprecise productions of
words, and later difficulties with literacy acquisition
(Elbro, Borstrom, & Petersen, 1998; Griffiths &
Snowling, 2001; Swan & Goswami, 1997).
Assessment of phonological representations
Assessment of phonological representations has been
attempted using a number of different approaches.
Gating tasks, for example, have been used with
groups of children with SLI and typically-developing
peers. Dollaghan (1998) found that children with
SLI required a longer auditory segment than their
peers to identify newly learned words, but not
familiar words. In contrast, Mainela-Arnold, Evans,
and Coady (2008) found no significant difference
between groups of children with SLI and agematched peers. Further inspection of their data led
the authors to propose that, while there was no evidence for the children with SLI having more holistic
phonological representations than their peers, the
discrepancy between results may be explained by the
age of subjects as well as word frequency measures
of the items, as Mainela-Arnold et al. (2008) included
older participants and used higher frequency items
than Dollaghan (1998).
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Many of the tasks used to assess phonological
representations, such as gating or picture naming,
require verbal output. However, a thorough battery
of assessment tasks should also include those which
do not require a spoken response. In order to address
this need researchers have focused on auditory
lexical decision tasks where children are required to
listen to a word and determine if it is being said
accurately. Tasks such as this address the question at
Level E on the Stackhouse and Wells (1997) framework: “Are the child’s phonological representations
accurate?”, and have been developed to approach the
question in slightly different ways.
Crosbie, Howard, and Dodd (2004) report on
a study where children with a mean age of 8;11
heard a series of real words, non-words which complied with the phonotactic constraints of English,
and non-words which violated these phonotactic
constraints. Children were required to judge
whether the word they heard was a real word or a
non-word. All participants were more accurate
at identifying illegal non-words than either legal
non-words or real words. The children with SLI
performed significantly more poorly than typicallydeveloping children matched for age in terms of
accuracy, but not for reaction time, indicating
weaknesses in the accuracy of the underlying
phonological representations.
Claessen, Leitão, Heath, Fletcher, and Hogben
(2009) developed a receptive measure of the accuracy of stored phonological representations. The
Quality of Phonological Representations task uses a
computer and the child is required to look at a
familiar picture, hear the name being produced
either accurately or inaccurately, and make a judgement about the accuracy of the word production.
The stimulus items in this task are all multi-syllabic
words which are familiar to young children. Inaccurate productions of the words were devised by
altering the place, manner, or voicing of one consonant in the word, or altering the height, length, or
backness of one vowel. Children indicate their
response using a computer mouse, thus eliminating
the verbal component of the task and providing
information about the accuracy of the stored phonological representation. In a large study of two
cohorts of mainstream children aged 5 and 7 years,
the younger children were able to correctly reject
inaccurate productions on average 87.5% of the
time, while by year 2 accuracy rose to 93.8%, reflecting the developmental nature of underlying phonological representations.
In a recent study, Marshall et al. (2010) further
explored the nature of underlying representations by
measuring the degree of tolerance that the participants would show for modified word forms, and the
degree to which this tolerance depends on the phonological context of the word. The authors reported
on the performance of children with SLI, dyslexia,
and SLI and dyslexia on a task in which children
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were required to respond to words that contained
occurrences of assimilation that were either viable (for
example, brow[m] bell) or unviable (for example,
brow[m] lamp), by reporting whether the target word
(brown, as in brown roof) was unchanged. Results suggested that, while the children with dyslexia did not
differ from the controls matched for age, in contrast
both groups of participants with SLI did not perform
at age-appropriate levels, and were more limited in
their ability to accurately identify the words. Detailed
analysis of the results demonstrated that the performance of the participants with SLI was explained by
their “more liberal acceptance of alternative forms of
words” (p. 8) rather than their ability to compensate
for assimilation (Marshall et al., 2010).
While the above tasks examine a child’s underlying phonological representation at the whole word
level, the Silent Deletion of Phonemes task was
developed to explore a child’s ability to reflect on
the structure of the stored representation (Claessen,
Leitão, & Barrett, 2010). The Silent Deletion Of
Phonological Representations addresses Level F on
the Stackhouse and Wells (1997) framework: “Is the
child aware of the internal structure of phonological representations?” In this task children are
required to look at a familiar picture, but not name
it. They are then asked to delete a segment of the
word. For example a picture of a beak is provided
and the child is asked, “what word would it make
if I took away the /k/?” In this example the child is
being asked to delete the phoneme /k/. The child
then sees an array of four pictures—the correct
response (bee), a semantic foil (bird), and two phonological foils (E and key), and must indicate their
response using a computer mouse. Performance on
the Silent Deletion Of Phonological Representations for typically-developing children in year 2
(aged 7 years) has been found to be normally distributed, with the scores above a basal level, but not
approaching ceiling, again reflecting the developmental nature of phonological representations
(Claessen et al., 2010).
Phonological processing in children with SLI
Over recent years, a small body of research has
emerged where receptive tasks, which attempt to
minimize output processing demands, have been
used to measure the accuracy of phonological representations in typically-developing and language
impaired children. This research has generally
found that phonological representations become
more refined with age and that children with SLI
demonstrate lower quality phonological representations than typically-developing children. However,
there are few studies where a broad range of
phonological processing measures have been administered to both SLI and typically-developing participants matched for age and language and, thus,
our knowledge of phonological processing skills in

SLI remains limited. A clearer picture of the phonological processing profile of this population
would inform our understanding of the underlying
deficit and, hence, support our ability to provide
more effective intervention.
Catts et al. (2005), for example, used only measures of phonological memory and phonological
awareness in their study comparing children with
SLI to children with dyslexia and typically-developing
peers. In contrast, in their study of phonological
representations, Anthony, Williams, Aghara, Dunkelberger, Novak, and Mukherjee (2010) employed a
broad range of measures designed to assess speech
perception, accuracy of phonological representations, and access to stored representations, but these
were only administered to typically-developing preprimary children. An auditory lexical decision task
and a task where children were required to correct
inaccurate productions were utilized as measures of
accuracy of phonological representations. While this
research provided an excellent comparison of the
nature of a range of phonological processing measures it did not include a group of SLI children. We,
therefore, proposed to extend this body of work and
explore the nature of phonological processing skills,
using a broad range of tasks, in children with SLI
and a matched groups.
In order to learn more about the nature and
underlying deficit in SLI it is crucial that stringent
participant selection criteria be adopted when
including SLI participants in research Our study
used the DSM-IV (American Psychiatric Association, 1994) criteria for SLI in participant selection.
Many other studies have used a broader definition
of SLI which may result in a heterogeneous set of
participants across the literature and, therefore,
explain inconsistency in the research. For example,
selection criteria for SLI children in some studies
are based on placement at a special language unit
(Conti-Ramsden, Botting, Simkin, & Knox, 2001;
Conti-Ramsden, Crutchley, & Botting, 1997); however, as reported by Gathercole (2006), many of the
children in these units did not meet the DSM-IV
criteria for SLI. Use of stringent selection criteria
for SLI is, thus, fundamental in advancing our
knowledge of the nature, underlying deficits, and
outcomes of SLI.
Aim of the study
The aim of this study was to draw on a range of theory-driven clinical and research assessment tasks to
explore the phonological processing profiles of a welldefined group of children with SLI compared to typically-developing children matched for age, gender,
and year of schooling, as well as a group of younger
children matched for receptive language skills. We
aimed to include in our battery, not only commonly
used measures of rapid naming, short-term and working memory, and phonological awareness, but also
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tasks specifically designed to assess the quality of
underlying phonological representations.
It was hypothesized that the profile of processing
strengths and weaknesses would be different for children with SLI, typically-developing children matched
for age, and typically-developing children matched
for language.

Method
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Participants
A total of 63 participants were recruited for this
study: 21 children with SLI, 21 typically-developing
children matched for age, and 21 younger typicallydeveloping children matched for receptive language
ability. Children with SLI were recruited from a
Language Development Centre in Perth, Western
Australia, and typically-developing children were
recruited from a metropolitan primary school.
All participants demonstrated intelligible speech,
as judged by the chief researcher, an experienced
speech-language pathologist; passed a hearing screen
at 25 dB across the range 500–8000 Hz; and demonstrated age-appropriate pragmatic skills as judged
by their classroom teacher. Parents reported that
English was the first language for all participants.
All participants from the SLI group were attending
a Language Development Centre where the focus is
on small group teaching, with an emphasis on language and literacy education within the standard curriculum. Two speech-language pathologists are
employed at the Language Development Centre and
all children attending this centre receive a specific
language program targeted to their individual needs.
The average age of children with SLI was 7;7
(range 6;10–8;0). The group consisted of 12 male
and nine female participants. Although placement at
a Language Development Centre is based on a range
of test results, further testing was undertaken as part
of this research to ensure all participants met the
DSM-IV (American Psychiatric Association, 1994)
criteria for SLI. The reference measure for language
skills selected for this study was the Clinical Evaluation of Language Functioning–IV (CELF-IV)
(Semel, Wiig, & Secord, 2003a) as it has sensitivity
and specificity of .83 and .90, respectively, for the
Core Language Score with the adopted cut-off of 1
SD below the mean (Semel, Wiig, & Secord, 2003b).
All participants with SLI were required to have a
Core Language Standard Score of 85 or less on the
CELF-IV (Semel et al., 2003a) (see Table I). Participants were also required to have non-verbal cognitive skills within the average range as measured by
the Block Design and Picture Concepts sub-tests of
the Wechsler Intelligence Scale for Children–Third
Revision (WISC-3) (Wechsler, 1991).
The age-matched group was made up of typicallydeveloping children matched to SLI participants for
gender, year of schooling, and age. The average age

of the age-matched participants was 7;6 (range
6;10–8;3). The age of each age-matched participant
was matched, within 3 months, to the age of a child
with SLI. All participants in the age-matched group
were required to have a Core Language Standard
Score of more than 85 on the CELF-IV (Semel
et al., 2003a) and non-verbal cognitive skills within
the average range as measured by the Block Design
and Picture Concepts sub-tests of the WISC-3
(Wechsler, 1991).
The language-matched group consisted of
typically-developing children matched to SLI participants for gender and raw score on the Concepts
and Following Directions sub-test of the CELF-IV
(Semel et al., 2003a). Language-matched participants were required to have a Core Language Standard Score of more than 85 on the CELF-IV (Semel
et al., 2003a) and non-verbal cognitive skills within
the average range as measured by the Block Design
and Matrix Reasoning Sub-tests of the Wechsler
Preschool and Primary Scale of Intelligence–Third
Edition (WPPSI-III) (Wechsler, 2004).
The raw score on the Concepts and Following
Directions sub-test of the CELF-IV (Semel et al.,
2003a) was used as the language matching tool to
provide a measure of underlying language knowledge. There was no significant difference between
the SLI and the language-matched groups on this
measure (F(1, 40) ⫽ .008, p ⫽ .928).
Table I reports participant scores on these tasks.
There were no significant differences among the
three groups in cognitive ability (F(2, 60) ⫽ .938,
p ⬍ .397 η2 ⫽ .313). There was, however, a significant
group effect on language skills (F(2, 60) ⫽ 78.57,
p ⬍ .001). Post-hoc comparison showed that the SLI
group had significantly weaker language skills than
both the language-matched and age-matched groups
(ps ⬍ .001), but there was no significant difference
between the language-matched and age-matched
groups (p ⫽ .996). Thus, there were significant group
differences in terms of language skills, but not nonverbal intelligence.
Table I. Summary of participant performance on selection tasks.
Selection task
Age in months
Mean
SD
Range
CELF-IV
Mean
SD
Range
Cognitive skills
Mean
SD
Range

SLI group

AM group

LM group

91.05
3.60
82–95

90.90
4.19
82–98

65.86
3.47
59–71

69.91
11.34
45–85

101.91
6.95
90–115

101.43
9.32
85–117

9.81
1.65
8–13

10.43
1.52
8–13

9.86
1.63
8–13

SLI, specific language impairment; AM, age-matched; LM,
language-matched; CELF-IV is the Core Language Score for the
CELF-IV. Cognitive skills is the mean of the sub-test standard
scores from the WISC-3 and WPPSI-III.
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All participants were assessed between July and
September. The SLI and age-matched participants
were in their third year of formal schooling, while
language-matched participants were in their first
year. All testing was completed in a quiet, familiar
environment within the child’s school.
Ethical approval for this study was received from
the Curtin University Human Research Ethics Committee and the Western Australia Department of
Education and Training Research and Planning Unit.
Both caregivers and participants provided informed
consent to participate in the project, and procedures
conformed to confidentiality guidelines.
Measures
Rapid automatized naming
Phonological recoding in lexical access was assessed
using the Rapid Object Naming sub-test of the Comprehensive Test of Phonological Processing (Wagner,
Torgesen, & Rashotte, 1999). In these tasks the participant is presented with an array of objects and must
name them as quickly as possible. The Rapid Object
Naming sub-test was selected as the objects depicted
were familiar to each of the participant groups.
The Rapid Object Naming raw score on the Comprehensive Test of Phonological Processing has an
alternate-form reliability of .79 for children aged 7, and
.82 for children aged 5 (Wagner et al., 1999). The
Rapid Automatized Naming measure was administered following the test guidelines, children’s responses
were recorded digitally on a laptop computer, and the
raw score in seconds was used for analysis.
Measures of phonological short-term memory. The Number Repetition Forward sub-test of the CELF-IV
(Semel et al., 2003a) was used as a measure of verbal
short-term memory, specifically the phonological
loop. This task consists of repeating groups of digits
from random numbers. Participants are required to
repeat groups of digits in the order they are presented.
This sub-test has a moderate internal consistency of
.75 for the Australian standardization sample.
Non-word repetition is recognized as a task which
taps many levels of phonological processing. It has
been included here primarily as a measure of phonological short-term memory. In this study the nonword repetition test developed by Dollaghan and
Campbell (1998) was adopted. This task contains 16
non-words, which contain no English words in any
syllable. This task has a high split-half reliability of
.85, suggesting internal consistency. The non-word
repetition task was presented and the percentage
phonemes correct measure calculated following published guidelines (Dollaghan & Campbell, 1998).
Measures of working memory. The Number Repetition
Backwards sub-test of the CELF-IV (Semel et al.,
2003a) was used as a measure of central executive
function. This task consists of groups of random

digits which students must repeat in reverse order.
This sub-test has a moderate internal consistency of
.78 for the Australian standardization sample.
The Competing Language Processing Task
(Gaulin & Campbell, 1994) is a measure of a child’s
ability to simultaneously process and store incoming
information. In this task the child is required to listen
to a group of between one and six utterances. After
each sentence the child is required to answer a question about the sentence, and after each group of sentences they are required to recall the final word of
each sentence (Gaulin & Campbell, 1994). Although
limited psychometric data are available for this measure, this task was included as the number of items
recalled provides a useful measure of function of the
central executive. Due to the processing demands
of this task it was only administered to SLI and
age-matched participants.
Measures of phonological awareness. The Sutherland
Phonological Awareness Test–Revised (Neilson,
2003) was selected as the measure of phonological
awareness as it assesses a range of phonological
awareness skills including blending, deletion, and
manipulation across a range of linguistic levels. Most
of the tasks require input and output processing and
draw on underlying representations. The Sutherland
Phonological Awareness Test–Revised was developed
in Australia and, therefore, test items and normative
data were suitable for the participants in this study.
It is also commonly used in clinical practice in Australia. There is strong internal consistency of .95 for
the items in the Sutherland Phonological Awareness
Test–Revised (Neilson, 2003). The raw score for this
measure was used for analysis.
Measures of phonological representation. The Quality of
Phonological Representations task (Claessen et al.,
2009) is an auditory lexical discrimination task
where children are required to judge the accuracy of
production of multi-syllabic words, for example, “Is
this a rhinoterous?” The Quality of Phonological
Representations is a receptive task that aims to measure the quality of the underlying phonological representation. Good internal consistency of .84 has
been found for the task with children of a similar age
to the participants in this research, however, concurrent validity has not yet been established as the Quality of Phonological Representations task is unique
(Claessen et al., 2009). The Quality of Phonological
Representations was administered according to the
published guidelines. The correct rejection measure,
which is a measure of the number of inaccurate productions judged to be inaccurate, was used for analysis, as this measure was been found to have a closer
approximation to normal in a large sample of typically-developing children (Claessen et al., 2009).
The Silent Deletion of Phonemes is a silent measure
of a child’s ability to access and manipulate their own
stored phonological representations (Claessen et al.,
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2010). The task requires children to look at a picture
and perform a deletion task without either hearing the
word said aloud or saying it aloud themselves. For
example, the child is shown a picture of a nest and is
asked “Look at this picture and think of the name of
it, but don’t say it out loud. Now what word would it
make if I took away the ‘s’ sound”. They then see a
computer screen containing an array of four items, the
correct answer, two phonological distractors and one
semantic distractor (in the example above: net, neck,
knot, and bird). The child must indicate their response
by clicking on it with the computer mouse. The Silent
Deletion of Phonological Representations was selected
as a measure of phonological representations as there
is good internal consistency of .84 for the 35 test items
(Claessen et al., 2010) and a correlation of .63 with
the Sutherland Phonological Awareness Test–Revised
(Neilson, 2003). The Silent Deletion of Phonological
Representations and Sutherland Phonological Awareness Test–Revised differ on a number of key factors
such as method of data presentation and nature of
required response and, thus, this correlation was
deemed to be sufficient to demonstrate concurrent
validity (Claessen et al., 2010). The Silent Deletion of
Phonological Representations was administered following the published guidelines using a laptop computer to record both accuracy and reaction time data.

Results
Data analysis
Descriptive statistics for performance on all tasks
are summarized in Table II. In order to explore the
profile of phonological processing skills across the
three participant groups, raw scores were used in all
analyses.
A mixed effects linear regression model was used
to examine between-group differences in the dependent variables. The regression model was “mixed” in
the sense that it included both random and fixed
effects. There was one categorical random effect
(children), and one categorical fixed effect (group:
SLI, age-matched, language-matched). The regression model was implemented through SPSS’s Generalised Linear Mixed Models (GLMM: SPSS
Version 20). The histograms of the dependent variables showed clear departures from normality in
the majority of cases. GLMM accommodated such
departures by computing the parameter estimates of
the covariance matrix with robust statistics.
In order to optimize the likelihood of convergence,
and to facilitate interpretation, a separate GLMM
analysis was run for each of the eight dependent
measures (Rapid Automatized Naming, digits forwards, non-word repetition, digits backwards, Competing Language Processing Task, Sutherland
Phonological Awareness Test–Revised, Quality of
Phonological Representations, and Silent Deletion
of Phonological Representations). Analysing each
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Table II. Descriptive statistics for the specific language impairment
(SLI, n ⫽ 21), age-matched (AM, n ⫽ 21), and language-matched
(LM, n ⫽ 21) participants on each dependent variable.
Task
RAN
Digits forward
NWR
Digits back
CLPT
SPAT
QPR
SDOP

SLI,
Mean (SD)
94.67
5.86
73.86
2.81
15.05
40
38.24
17.76

(23.8)
(1.2)
(13.12)
(1.2)
(3.71)
(9.67)
(5.66)
(5.97)

AM,
Mean (SD)
75.75
7.7
85.33
3.2
19.52
46
47.52
23.81

LM,
Mean (SD)

(14.73) 139.44 (49.5)
(1.82)
6.8 (1.11)
(6.29)
79.00 (14.71)
(1.55)
1.67 (.97)
(4.17)
n/a (n/a)
(5.81)
17.86 (7.64)
(4.8)
44.10 (7.01)
(6.05)
12.29 (4.28)

SLI, specific language impairment; AM, age-matched; LM,
language-matched; RAN, Rapid Automatized Naming Objects;
NW, non-word repetition; CLPT, Competing Language Processing
Task; SPAT, Sutherland Phonological Awareness Test; QPR,
Quality of Phonological Representations (Claessen et al., 2009);
SDOP, Silent Deletion of Phonemes (Claessen et al., 2010).

dependent variable independently of the others will
of course inflate the familywise error rate. In order
to control the inflation, the Bonferroni correction
was applied to the per-test alpha for the omnibus
F-tests (corrected alpha ⫽ .05/8 ⫽ .006). No correction was applied to the post-hoc LSD tests since
these were covered by the omnibus correction.
There was a significant main effect of group for
each of the dependent variables. The results are
reported in Table III. The source of each main effect
was explored with a series of least significant difference tests comparing SLI to age-matched, agematched to language-matched, and language-matched
to SLI. The results of the least significant difference
tests are reported in Table IV.
The age-matched group performed significantly
better than the SLI group on the measures of:
phonological recoding in lexical access (rapid
automatized naming), phonological short-term
memory (digits forwards and non-word repetition),
phonological awareness (Sutherland Phonological
Awareness Test–Revised), and the receptive measures
of phonological representations (Quality of Phonological Representations and Silent Deletion of
Phonological Representations). The significant main
effect for Competing Language Processing Task indicates that the age-matched group also performed
significantly better on the Competing Language Processing Task measure of working memory than the
SLI group (see Table III). However, there were no
significant difference between the age-matched and
SLI groups on the digits backward measure of working memory (see Table IV).
The SLI group performed significantly better than
the language-matched group on the measures of phonological recoding in lexical access (rapid automatized naming), phonological awareness (Sutherland
Phonological Awareness Test–Revised), and one
receptive measure of phonological representations
(Silent Deletion of Phonological Representations),
as well as one measure of working memory (digits
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Table III. The main effect of group for each dependent variable.
DV
RAN
Digits forwards
NWR
Digits backwards
CLPT
SPAT
QPR
SDOP

F

Numerator df

Denominator df

Effect size (ε2)

Significancea

19.49
8.59
7.63
11.10
14.20
101.29
17.305
27.25

2
2
2
2
1
2
2
2

60
60
60
60
40
60
60
60

.410
.213
.139
.228
.253
.721
.308
.435

.000
.001
.001
.000
.001
.000
.000
.000
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RAN, Rapid Automatized Naming Objects; NWR, non-word repetition; CLPT, Competing Language
Processing Task; SPAT, Sutherland Phonological Awareness Test; QPR, Quality of Phonological
Representations (Claessen et al., 2009); SDOP, Silent Deletion of Phonemes (Claessen et al., 2010).
aAll effects are significant at the Bonferroni adjusted apha-level of .006.

backward). In contrast, the language-matched group
performed significantly better than the SLI group on
digits forward and one receptive measure of phonological representations (Quality of Phonological
Representations). There was no significant betweengroup difference for the measure of non-word repetition (see Table IV).
The age-matched group performed significantly
better than the language-matched group on the measure of phonological recoding in lexical access (rapid
automatized naming), phonological awareness
(Sutherland Phonological Awareness Test–Revised),
digits backward measure of working memory, and
one receptive measure of phonological representations (Silent Deletion of Phonological Representations). However, there were no significant differences
between the age-matched and language-matched
groups on phonological shor-term memory (digits
forwards and non-word repetition) and one receptive
measure of phonological representations (Quality of
Phonological Representations) (see Table IV).

Discussion
Examination of the scores on all measures of phonological processing reveals that the spread of scores
Table IV. Significance levels for the three LSD comparisons for
each dependent variable.
DV
RAN
Digits forwards
NWR
Digits backwards
SPAT
QPR
SDOP

SLI vs AM

LM vs SLI

AM vs LM

.002∗∗
.000∗∗∗
.000∗∗∗
.321
.007∗∗
.000∗∗∗
.001∗∗

.000∗∗∗
.018∗
.225
.001∗∗
.000∗∗∗
.003∗∗
.001∗∗

.000∗∗∗
.069
.068
.000∗∗∗
.000∗∗∗
.063
.000∗∗∗

SLI, specific language impairment; AM, age-matched; LM,
language-matched; RAN, Rapid Automatized Naming Objects;
NWR, non-word repetition; CLPT, Competing Language
Processing Task; SPAT, Sutherland Phonological Awareness Test;
QPR, Quality of Phonological Representations (Claessen et al.,
2009); SDOP, Silent Deletion of Phonemes (Claessen et al.,
2010).
∗p ⬍ .05; ∗∗p ⬍ .01; ∗∗∗p ⬍ .001.

for the group of SLI participants is generally wider
than that of the age-matched and language-matched
groups on most of the tasks. Thus, despite employing tight selection criteria, the phonological processing skills of children within the SLI group were still
more heterogeneous than those of the typicallydeveloping children.
As predicted, the children with SLI demonstrated
a different profile of phonological processing skills
to both groups of typically-developing children,
supporting the value of employing a comprehensive
battery of phonological processing tasks. Performance on each task will be discussed and interpreted below.
On the rapid automatized naming task, there
were significant differences among the three groups.
The age-matched children were able to retrieve well
known words significantly faster than the SLI
group, who were in turn significantly faster than the
younger language-matched group. A developmental
pattern was evident in the findings, suggesting that
children with SLI were able to access these learned
representations and motor programmes more rapidly than children matched for language, but not as
rapidly as children matched for age. The names of
the objects in the rapid automatized naming task
are phonotactically simple. The performance of the
children with SLI is suggestive of accurate underlying representations for these words; however, access
was slower than for their age-matched peers. Given
that rapid automatized naming is considered to be
a good predictor of reading and spelling (Bishop,
McDonald, Bird, & Hayiou-Thomas, 2009), this
highlights the importance of including speeded
processing tasks in a battery of phonological
processing tasks.
Turning to the measures of phonological shortterm memory, the SLI group demonstrated significantly poorer performance on the number repetition
forward task than both the age-matched and
language-matched groups. The children with SLI
also demonstrated significantly lower scores on the
non-word repetition task than the age-matched
group. On this task, their mean score of 73%
phonemes correct also fell below the score of 79%
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phonemes correct for the language-matched group,
although this was non-significant. There was no significant difference between the scores for the agematched and language-matched group. This pattern
of results is consistent with many previous studies
(Archibald & Gathercole, 2006; Botting & ContiRamsden, 2001; Catts et al., 2005; Ellis Weismer
et al., 2000; Marton & Schwartz, 2003) which have
found that children with SLI have significantly lower
scores on measures of phonological short-term memory than typically-developing peers, and with the
suggestion that non-word repetition performance
may be a phenotypic marker of SLI (Bishop et al.,
1996; Marton & Schwartz, 2003).
The non-significant difference between the SLI
and language-matched groups on the non-word repetition task may be explained by the task selected for
this study. The Non-word Repetition Test does not
include words with consonant clusters, identified by
Marshall and van der Lely (2009) to be of particular
difficulty for children with SLI. The Children’s Test
of Non-word Repetition (Gathercole & Baddeley,
1996), which contains words of greater complexity,
has been shown to differentiate children with SLI
from younger language-matched peers (Archibald &
Gathercole, 2006) and, thus, task selection may have
impacted on the results.
The children with SLI obtained significantly lower
scores on the Competing Language Processing Task
than the age-matched group. The Competing Language Processing Task is considered to measure central executive functioning and requires information
to be stored in short-term memory while further
information is received and processed. Performance
may be decreased when the demands of the
task exceed the amount of available resources for
storage and processing, reflecting reduced capacity.
This finding is consistent with previous findings that
children with SLI demonstrate difficulty with working memory tasks (Archibald & Gathercole, 2006;
Marton & Schwartz, 2003) and suggests that children with SLI have more difficulty holding verbal
information in a temporary store while further
processing takes place. In contrast, on the number
repetition backward task, there was no significant
difference between the SLI group and the agematched group; however, these groups were both
significantly different to the younger languagematched group. This finding may reflect the overall
task difficulty for all groups.
Overall weaker performance on these measures
of phonological short term and working memory
suggests that children with SLI are less able to
process and retain verbal information compared to
their age-matched peers, and, in some tasks, to
children matched for language. This is likely to
have a significant effect on their ability to map
between phonology and semantics and, thus,
develop accurate fine grained phonological representations during word learning (Chiat, 2001),
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which will have implications for both speech and
for the development of literacy.
On the phonological awareness task, there were
significant differences among the three groups, with
the age-matched group having the strongest performance and the language-matched group the weakest.
The language-matched group had an average age of
5;6 and were in their first year of formal schooling.
As a consequence, they had not received the same
level of literacy instruction as the other older participants and it is, therefore, not surprising that their
early literacy skills, such as phonological awareness,
should be less developed. The SLI participants in the
current study were attending a language development centre where there is a strong focus on teaching
phonological awareness in the early grades and,
therefore, we are not surprised that they are doing
better than the language-matched children. However, the pattern of results indicates that, despite
intervention, the children with SLI were still not
performing at age-appropriate levels.
Most of the sub-tests in the Sutherland Phonological Awareness Test address the Level H question:
“Can the child manipulate phonological units?”
Such tasks follow a complex speech processing route,
involving input and output processing, and generally
require access to lexical representations and, thus,
are subject to breakdown at many points. Our selection of the Sutherland Phonological Awareness Test–
Revised, as a measure of phonological awareness,
was based on its clinically utility in the Australian
context. Future research should consider profiling
the skills of children with SLI using a phonological
awareness battery that has tasks specifically designed
with a range of processing routes in mind such as in
the preliminary work of Schaefer, Fricke, Szczerbinski, Fox-Boyer, Stackhouse, and Wells (2009).
The children with SLI obtained significantly lower
scores on the measure of phonological representations, the Quality of Phonological Representations
than both the age-matched and language-matched
groups who were not significantly different from each
other. Children with SLI were more likely to accept
an inaccurate production of a multi-syllabic word as
correct, suggesting that they have lower quality phonological representations than the typically-developing
children, including younger children matched for
language. In contrast, on the Silent Deletion of Phonological Representations, while the SLI participants
were less accurate at performing a deletion task on
their own stored representation than their agematched peers, they were significantly better than the
language-matched group. The Silent Deletion of Phonological Representations was designed as an input
phonological deletion task, in other words to draw on
the metalinguistic skill of deletion while minimizing
both verbal input and speech output. On this task, a
score higher than 15 indicates the ability to delete a
phoneme from a consonant cluster (e.g., delete the
/n/ sound from /snell/) The SLI group had a mean
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score of 17.77, which reflects their ability to delete
syllables and single consonants from words, and their
emerging ability to delete phonemes from consonant
clusters. In contrast, the mean score of 12.29 for the
language-matched group suggests children of this age
are not yet able to delete phonemes from consonant
clusters. The pattern of results, therefore, may be seen
to reflect the developmental emergence of phonological awareness (Gillon, 2004).
The emerging ability of children with SLI to
silently delete phonemes from consonant clusters in
monosyllabic words and select the correct picture in
the visual array in the Silent Deletion of Phonological Representations task indicates that their underlying phonological representations for these words
appear to be reasonably well established. In contrast,
their weaker performance on the Quality of Phonological Representations task, which required them to
reflect on multisyllabic words, indicates that their
underlying phonological representations for these
longer and more complex words appears to be less
so. A further consideration in our interpretation of
their performance is the different memory demands
of these two tasks. We have confirmed that the SLI
children have poorer short-term and working memory, and this weakness may impact on their ability to
hold multisyllabic words in their memory while making the judgement and completing the Quality of
Phonological Representations task. In contrast, the
visual support of the pictures within the Silent Deletion of Phonological Representations task may have
supported their performance through reducing the
memory demands.
The results of this study provide some support for
processing theories of SLI. The children with SLI
demonstrated deficits in phonological short-term
memory and working memory, which have been
suggested to impact on “the creation of a phonological
entry within the long-term phonological store”
(Archibald & Gathercole, 2006, p. 687). Furthermore the weaker performance of the children with
SLI on the Quality of Phonological Representations
than both age-matched and language-matched children suggests that the deficits in memory may have
affected the development of the phonological entries
for these longer words and that the quality of the
underlying representations may, therefore, be less
detailed. The stronger performance of the children
with SLI on the metaphonological tasks included in
the Sutherland Phonological Awareness Test–Revised
(which requires output) and the Silent Deletion of
Phonological Representations (a receptive task),
which both draw on monosyllabic words, suggests
that their representation of these shorter words is
fine grained enough to support phoneme level analysis, albeit not at the level of the age-matched cohort.
Future research should investigate this more fully
because high quality phonological representations
are vital for accurate mapping of phonological forms
onto meaning (Chiat, 2001).

This study has highlighted the value of drawing on
a comprehensive model of speech processing such as
that of Stackhouse and Wells (1997) to facilitate a
more detailed analysis of children’s phonological
processing skills than can be achieved using a standard clinical assessment task battery. The results for
many of the individual tasks supported the findings
of many previous studies. However, the use of a comprehensive battery covering a wide range of phonological processing skills with a group of children with
SLI compared to both age-matched and languagematched groups allowed us to explore the different
patterns of performance. The wide spread of scores
and individual differences observed in the SLI participants were, thus, highlighted through the use of
the speech processing model, and these differences
are important considerations in goal-setting and
intervention planning for children with SLI.
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Abstract
Low quality, imprecise phonological representations have been hypothesized as an underlying deficit in Specific Language
Impairment (SLI). This research compared performance on a silent judgement task and a multisyllabic word naming task
using the same 10 words, for 21 children with SLI (mean age 7;6), 21 age-matched (AM) (mean age 7;6) and 21 language-matched (LM) (mean age 5;6) peers. The children with SLI demonstrated significantly poorer performance on the
judgement task than either AM or LM peers, while performance on the naming task followed a developmental sequence.
There was no correlation between the ability to correctly reject inaccurate productions and the ability to correctly name
the items. These results support the suggestion of separate input and output phonological representations and that speech
output errors should not necessarily be interpreted as indicative of underlying weakness in phonological representations.
The research also highlights the value of individually-designed tasks to measure the input phonological representations for
specific words.

Keywords: Phonological processing, phonological representations, judgement, naming, assessment

Introduction
For every word in a person’s vocabulary there is a
stored representation in the lexicon. This representation is believed to consist of semantic, grammatical,
orthographic, and phonological information. Phonological, or sound-based, representations of words
must be well enough defined to allow a child to match
previously encoded sound patterns with new instances
of the same sound in conversations, and thus allow
for the acoustic variability that occurs both within
and between speakers of the same language. The representation of the sounds in words must be formed
on a very brief exposure, a process which is often
referred to as fast mapping (Fisher, Hunt, Chambers,
& Church, 2001).
According to holistic theories, early phonological
representations are believed to contain only enough
information to distinguish a word from another, and
become more specified and segmented as vocabulary
increases (Walley, 1993). This process, known as lexical restructuring, continues until the early school years
when children refine their representations to a phoneme level (Carroll, Snowling, Hulme, & Stevenson,
2003; Maillart, Schelstraete, & Hupet, 2004). There is
some evidence that young children can in fact distinguish similar sounding words and that their representations may be partly phonologically specified, although

it should be noted that the tasks used in these studies
adopted a preferential looking paradigm using single
syllable words (Mani & Plunkett, 2007; White &
Morgan, 2008).
A psycholinguistic approach to assessment allows
clinicians to examine the underlying processing skills
required to complete assessment tasks and to then
plan targeted intervention (Baker, Croot, McLeod, &
Paul, 2001). Psycholinguistic models of speech
processing vary in the assumptions made about phonological representations. Some models make no
distinction between phonological representations
accessed for input tasks such as speech perception
and judgement tasks, and those accessed for output
tasks such as naming (Griffiths & Snowling, 2001).
Other theoretical models propose distinct but linked
phonological representations for speech input and
output (for example Monsell, 1987). Similarly, Stackhouse and Wells (1997) posit a phonological representation for input, and a linked motor plan for
output.
Regardless of underlying beliefs, most theorists are
in agreement about the importance of phonological
representations in word learning and the need for
accurate, segmented phonological representations to
support the acquisition of literacy. Learning new words
involves processing the sound-based information they
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Stored phonological representations and output
contain and establishing an underlying phonological
representation associated with its meaning. The
phonological representations hypothesis of dyslexia
suggests that individuals with dyslexia have difficulty
establishing precise and well-formed phonological
representations and that this impacts on their ability
to learn to read and spell (Griffiths & Snowling, 2001;
Swan & Goswami, 1997). At the early stages of
literacy acquisition, children are required to map
between an orthographic representation and a phonological representation, and this will be compromised
if the phonological representation is low in quality.
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Phonological representations in SLI
Specific Language Impairment (SLI) is a term used
to describe a group of children who show a significant impairment in language ability in the absence
of neurological, sensory, or physical impairment
(Leonard, 1998). Children with SLI have difficulty
establishing and maintaining well specified, accurate
phonological representations (Pennington & Bishop,
2009). There is also evidence that children with SLI
show significantly more difficulty learning new words
than typically-developing peers (Kan & Windsor,
2010). Both Gathercole and Baddeley (1990) and
Edwards and Lahey (1998) found that children with
SLI demonstrated poorer non-word repetition skills
as compared to their peers. Gathercole and Baddeley
(1990) attributed this to difficulty storing phonological information in memory; however, Edwards
and Lahey (1998) hyopothesized that this was a
result of their phonological representations rather
than purely a difficulty with phonological memory.
Specifically it was proposed that children with SLI
have phonological representations which are more
holistic and less segmental than typically-developing
children of the same age (Edwards & Lahey, 1998).
Maillart et al. (2004) compared French-speaking
children with SLI with typically-developing children
matched for receptive vocabulary on a multisyllabic
word judgement task. In this task children were
required to judge whether words spoken by the
examiner were real words or not. Maillart et al. found
that ability to complete this task was correlated with
vocabulary for both SLI and TD participants, but
that children with SLI had particular difficulty rejecting pseudowords that closely resembled real words,
suggesting that their phonological representations
were less well specified than those of typically-developing children. Given these findings, it is essential
that tasks to measure phonological representations
are included in a comprehensive assessment battery
in order to explore underlying deficits, and plan
effective intervention.

227

Tasks to measure phonological representations
A range of tasks are reported in the literature which
purport to measure existing underlying phonological
representations, however they have different processing routes. Some tasks contain an output or motoric
component, while others are purely input tasks; however all require the child to draw on the underlying
stored semantic representation.
The gating paradigm (Grosjean, 1980) involves
identifying a word from increasingly longer auditory
segments of the word. Gating tasks have been used
to study lexical access in children (Dollaghan, 1998;
Montgomery, 1999). Both studies found that children with SLI did not differ from age-matched peers
in the length of acoustic segment required to identify
familiar words. Dollaghan (1998) also included
newly learnt words and found that children with SLI
required a longer auditory segment than peers to
identify these unfamiliar items, and concluded that
children with SLI have more difficulty establishing
phonological representations. However, inconsistent
results across studies using gating tasks (Wesseling
& Reitsma, 2001) has led to a decrease in their use
to measure quality of phonological representations.
Baker and Munro (2011) suggest that naming
tasks, particularly those containing multisyllabic
words, may provide an insight into a child’s stored
phonological representations. In order to name a picture correctly the semantic representation must be
accessed, followed by the motor program associated
with the lexical representation, then the motor plan
accessed and the name of the picture produced.
Naming tasks have also been used to measure both
storage and access of phonological representations
in children with dyslexia (Elbro, 1998; Snowling, van
Wagtendonk, & Stafford, 1988). Snowling et al.
(1988) found that children with dyslexia were able
to name fewer pictures than age-matched peers
despite similar performance on a receptive vocabulary task. Naming tasks, however, draw on output
processing in addition to the stored phonological
representation.
In recent years there has been a focus on developing silent measures of phonological representations
(Maillart et al., 2004; Sutherland & Gillon 2005) in
order to eliminate the spoken or output component
of the task and thus obtain a more pure measure of
stored phonological representations. Such tasks
involve the child hearing the word spoken aloud, and
then accessing their stored semantic and phonological representation in order to match the heard word
with their stored representation of the word and
make some sort of decision or judgement about the
accuracy of the production they heard.
The Quality of Phonological Representations
task (Claessen, Heath, Fletcher, Hogben, & Leitão,
2009) is a computer-based task which was developed in order to provide a silent measure of phonological representations. In this task children are
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presented with accurate and inaccurate productions of a multisyllabic word and asked to indicate
which productions are accurate and which are not
(Claessen et al., 2009). The child hears a word
produced and must access their stored semantic
representation and phonological representation in
order to match the heard word with their stored
phonological representation of the word. As a computer mouse is used to indicate a response, there
is no output processing required. This task was
found to provide a valid and reliable measure of
the quality of stored phonological representations.
Children with SLI have been found to perform
significantly worse on this task than typicallydeveloping children, matched for age, and younger,
typically-developing children matched for receptive language skills (Claessen & Leitão, in press).
This finding supports the hypothesis that children
with SLI have difficulty developing well-specified
accurate phonological representations.
This paper will explore the relationship between
performance on input and output speech processing tasks, designed to assess stored phonological
representations in children with SLI, typicallydeveloping children matched for age, and typically-developing children matched for receptive
language skills. If a single representation is accessed
for both input and output, performance on both
measures of phonological representation should be
equal. If, however, two distinct representations are
accessed, performance may differ between the
tasks. Furthermore, using the same lexical items
for both input and output tasks would help us gain
further insight into the nature of the underlying
stored phonological representations. To our knowledge there are no reported tasks which include the
same stimulus items for both input and output
with SLI, age-matched (AM) and languagematched (LM) participants.

Hypotheses
The following hypotheses will be addressed.
1) Children with SLI will have decreased
accuracy compared to AM children at correctly rejecting inaccurate productions of
multisyllabic words. There will be no significant difference between performance of the
children with SLI and the LM group.
2) Children with SLI will have decreased accuracy at correctly naming multisyllabic words
(both phonologically and semantically) than
AM children. There will be no significant difference between performance of the children
with SLI and the LM group.
3) There will be a correlation between the ability
to correctly name the items and the ability to
correctly reject inaccurate productions.

Method
Approval for all aspects of this research was granted
from the Curtin University Human Research Ethics
Committee and the Western Australia Department
of Education and Training Research and Planning
Unit. Procedures complied with confidentiality
guidelines and both caregivers and participants
provided informed consent to participate.

Participants
Twenty-one children (12 males and nine females)
with SLI were recruited as participants in this study.
The average age of SLI participants was 7;6 (range
6;10–8;10). All children with SLI attended a
Language Development Centre in Perth, Western
Australia, and were in their third year of formal
schooling. Language Development Centres are
government-funded primary schools for children
who have significant language impairment, in the
presence of average non-verbal intelligence and no
other sensory impairment. For inclusion in this study
all participants with SLI were required to have nonverbal cognitive skills within the average range as
measured by the Block Design and Picture Concepts
sub-tests of the Weschler Intelligence Scale for
Children–Third Revision (WISC-3) (Wechsler,
1991) and a Core Language Standard Score of
85 or less on the Clinical Evaluation of Language
Fundamentals–IV (CELF-IV) (Semel, Wiig, &
Secord, 2003a) (see Table I). The CELF-IV was
selected as the reference measure for language skills
as it has sensitivity and specificity of .83 and .90,
respectively, for the Core Language Score, with the
adopted cut-off of 1 SD below the mean (Semel,
Wiig, & Secord, 2003b). Children with SLI were
required to pass a hearing screen at 25 dB across the
range 500–8000 Hz; have intelligible speech; appropriate pragmatics; and English as their first language
as reported by the child’s teacher and managing
speech-language pathologist.
Twenty-one typically-developing children matched
to the SLI participants by age were recruited from a
metropolitan primary school as an age-matched
(AM) group. Participants in the AM group were
matched to the SLI group by gender, year of schooling, and age within 3 months. The mean age of the
AM group was 7;6 (range 6;10–8;3). Twenty-one
typically-developing children matched to the SLI
participants by gender and receptive language skills
were recruited as a language-matched (LM) group.
The mean age of the LM group was 5;6 with a range
of 4;11–5;11. Receptive language was matched using
the raw score on the Concepts and Following
Directions Sub-test on the CELF-IV. All typicallydeveloping children were required to have intelligible
speech, appropriate pragmatic skills, and English as
their first language as reported by their teacher. All
typically-developing children were also required to
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Table I. Participant characteristics.
Language group
SLI

AM

LM

Variable

Mean

SD

Range

Mean

SD

Range

Mean

SD

Range

Age (months)
Cognitive skillsa
Language skillsb
Receptive language skillsc

91.05
9.81
69.90
26.62

3.60
1.65
11.34
9.135

82–96
8–13
45–85
11–42

90.90
10.43
101.19
40.38

4.19
1.62
6.95
6.289

82–98
8–13
90–115
23–50

65.86
9.86
101.43
26.86

3.47
1.63
9.32
7.735

59–71
8–13
85–117
15–42
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SLI, Specific Language Impairment group; AM, age-matched group; LM, language-matched group.
aCognitive skill is the mean of the sub-test standard scores from the WISC-3, and WPPSI-III.
bThe Language skills score is the Core Language Score obtained from the CELF-IV.
cThe Receptive language score is the raw score from the Concepts and Following Directions sub-test of the CELF-IV.

have a Core Language Standard Score of more than
85 on the CELF-IV (Semel et al., 2003a), and nonverbal cognitive skills within the average range as
measured by the Block Design and Picture Concepts
sub-tests of the WISC-3 (Wechsler, 1991) for the
AM group, and measured by the Block Design and
Matrix Reasoning Sub-tests of the Wechsler Preschool and Primary Scale of Intelligence–Third
Edition (WPPSI-III) (Wechsler, 2004) for the
LM group. Participants’ performance on selection
measures are summarized in Table I.
Measures
Judgement. The QPR task (Claessen et al., 2009)
requires participants to judge the accuracy of production of multisyllabic words. The task consists of
10 multisyllabic words which are commonly known
by children of this age. The multisyllabic words
included in the task were: binoculars, dominoes, crocodile, telescope, rhinocerous, television, hippopotamus,
microphone, spaghetti, and helicopter. These items were
selected as they are highly imageable, and were
known by a pilot group of children of the same age.
For each multisyllabic word, there are 10 items, four
correct productions and six productions where one
phoneme has been changed. Consonants were varied
by place, manner, or voicing, and vowels by height,
length, or backness. See Table II for examples of
items. The child must listen to each production and
decide if it was said correctly or not. Children are
informed that sometimes the word will be said correctly and that sometimes it will be said “a little bit
wrong”. Two training items, with specific feedback
on performance, precede the test items to ensure the
child is focusing on phonological accuracy rather
than semantic accuracy. Details of the task, including
task construction, and reliability and validity are
available (Claessen et al., 2009). In the current study,

the task was administered according to these guidelines. The correct rejection measure is a measure of
the accuracy at correctly rejecting inaccurate productions of words. This measure was used for analysis as it has been found to be a valid and reliable
measure (Claessen et al., 2009).
Multisyllabic word naming task. The multi-syllabic
word naming task consisted of the 10 items from the
QPR task. Each picture was displayed on a computer
screen and the child asked to name the picture. The
multisyllabic word naming task was carried out
immediately following the judgement task to ensure
the child was accessing his/her own stored phonological representation in the judgement task. If a
shortened form (e.g., hippo, TV) was provided, children were prompted with “That’s the short name,
can you tell me the long name?” Responses were
digitally recorded.

Procedure
Each participant was assessed individually by the
first author, an experienced speech pathologist in a
familiar setting within their school. Participant
selection measures were completed in one 45 minute
session. On a different day, participants completed
the QPR task and then the multisyllabic naming
task.
Analysis
Judgement. For the QPR task, responses are automatically scored and recorded digitally. Following testing
a record of accuracy for each multisyllabic word is
automatically produced for each participant.
Multisyllabic word naming task. Each participant’s
attempt to name the multisyllabic words was digitally

Table II. Examples of Quality of Phonological Representation (QPR) task items.
Stimulus item
rhinocerous

Correct production
/

Inaccurate productions
/

/, /

/, /

/, /

/, /

/, /

/
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Table III. Means, standard deviations, and ranges for Quality of Phonological Representation task (QPR),
semantically and phonologically correct scores and Percentage of Consonants Correct (PCC).
Language group
SLI

AM

Measure

Mean

SD

Range

Mean

SD

QPR
Semantically and
phonologically correct
PCC

38.24
6.90

5.66
2.91

30–47
0–10

4.80
7.52

44.10
2.11

92.14

8.49

69–100

95.48

4.08

LM
Range

Mean

SD

Range

39–56
1–10

QPR
4.38

38.24
1.66

30–57
2–7

83–100

87.33

5.39

73–96
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SLI, Specific Language Impairment group; AM, age-matched group; LM, language-matched group.

recorded. Items were coded as semantically correct if
the child was able to correctly identify the picture
and provide the correct name for it.
Each item was later transcribed into broad
phonetic transcription by the authors, both of
whom are experienced with this level of transcription. Inter-rater reliability was carried out on percentage of consonants correct (PCC) (Shriberg,
Austin, Lewis, McSweeny, & Wilson, 1997) for 25%
of the items and was found to be 98%. Phonological
accuracy was then determined by calculating how
many items each child could name correctly without
phonological errors (semantically and phonologically correct) followed by a more detailed analysis of
percentage of consonants correct.

Results
Judgement
Descriptive statistics for each groups’ performance
are reported in Table III. For the correct rejection
measure, the mean of both the AM and the LM
group fell within the average range for their ages
(Claessen et al., 2009). However, the mean for the
SLI group fell more than 1 SD below the mean for
their age.

Prior to analysis the QPR data were examined and
as all assumptions were met a multivariate analysis
of variance (MANOVA) was used to examine the
differences between the participant groups. The
QPR variable was significantly different across
groups, F(2, 60) ⫽ 13.337, p ⬍.001, partial η2 ⫽.308.
Post-hoc analysis using Tukey’s HSD (α ⫽.05)
revealed that the SLI group (M ⫽ 38.24, SD ⫽ 5.66)
performed significantly more poorly than either the
age-matched (M ⫽ 47.52, SD ⫽ 4.80), or languagematched (M ⫽ 44.10, SD ⫽ 7.01) participants. The
difference between the AM and LM groups was not
significant. Effect size for these relationships were
d ⫽ 1.319, .832, and .487, respectively, indicating
moderate-to-large effect sizes.
A detailed analysis of each groups’ ability to correctly reject the six inaccurate productions for each
word is presented in Figure 1. In general, the SLI
group was weaker than the LM group, who were
generally weaker than the AM group for most words.
The general pattern was not followed for the words
crocodile, dominoes, and television.
Multisyllabic word naming
In order to name a picture, first the semantic representation must be accessed. On average children with

Figure 1. Correct rejections for individual words.

Stored phonological representations and output
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SLI knew 9.43 (SD ⫽ 1.36) of the words; age-matched
children knew 9.52 (SD ⫽ 1.12) and languagematched children 9.19 (SD ⫽ 1.03), thus indicating
most children knew the names of each item and
accessed the correct semantic representation. There
was no significant difference between groups.
Phonological accuracy. In order to explore phonological accuracy, a calculation was made of those
responses scored as semantically and phonologically correct. Descriptive statistics for phonological accuracy for each group are presented in
Table III.
Due to violations in the assumptions for conducting an ANOVA, non-parametric statistical analysis
was undertaken. A Kruskal-Wallis ANOVA was conducted to explore the differences between groups on
ability to produce the multisyllabic words correctly
as scored semantically and phonologically correct.
This test indicated a significant difference between
the SLI group (Mean Rank ⫽ 37.14), the AM group
(Mean Rank ⫽ 41.07), and the LM group (Mean
Rank ⫽ 17.79), H (corrected for ties) ⫽ 19.759,
df ⫽ 2, n ⫽ 63, p ⬍.001, Cohen’s f ⫽.684, which is
a large effect size. In order to explore where the differences lay, a series of Mann-Whitney U-tests were
used. This revealed that the language-matched group
had a significantly lower semantically and phonologically correct score than either the SLI group
U ⫽ 93.0, z ⫽ ⫺ 3.234 (corrected for ties), p ⬍.001,
two-tailed, or the age-matched group U ⫽ 49.5,
z ⫽ ⫺ 4.347 (corrected for ties), p ⬍.001, two-tailed.
The effects are large (r ⫽.407) and large (r ⫽.551),
respectively. Performance on individual words was
subsequently examined. There was no pattern based
on either group or word length.
In order to further explore the phonological accuracy of productions for each group, analysis of PCC
was conducted. Descriptive statistics for PCC for
each group are presented in Table III.
Due to violations in the assumptions for conducting an ANOVA, non-parametric statistical analysis
was undertaken. A Kruskal-Wallis ANOVA was conducted to explore the differences between groups on
ability to produce the multisyllabic words correctly
as measured by PCC. This test indicated a significant
difference between the SLI group (Mean Rank
⫽ 35.24), the AM group (Mean Rank ⫽ 42.36),
and the LM group (Mean Rank ⫽ 18.40), H (corrected for ties) ⫽ 19.125, df ⫽ 2, n ⫽ 63, p ⬍.001,
Cohen’s f ⫽.668, which is a large effect size. In order
to explore where the differences lay, a series of MannWhitney U-tests were used. This revealed that the
language-matched group had a significantly lower
PCC than either the SLI group U ⫽ 110.5,
z ⫽ ⫺ 2.777 (corrected for ties), p ⬍.005, two-tailed,
or the age-matched group U ⫽ 45, z ⫽ ⫺ 4.448
(corrected for ties), p ⬍.001, two-tailed. The
effects are medium (r ⫽.034) and large (r ⫽.56),
respectively.
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Table IV. Correlations between judgement and semantically and
phonologically correct (S & P correct) for each group.
Language group

Measure
Judgement
Sig (2-tailed)

SLI
S & P correct
⫺.136
.556

AM
S & P correct

LM
S & P correct

.169
.465

.320
.158

SLI, Specific Language Impairment group; AM, age-matched
group; LM, language-matched group.

Correlation between naming and judgment. To assess
the size and relationship between the ability to judge
the accuracy of productions of words and the ability
to produce them accurately, a bivariate Pearson’s
correlation was calculated. Correlations between the
variables for each group are presented in Table IV.
The correlations between the two variables were
positive for both the AM and LM groups and negative for the SLI group, however no correlations were
significant.
Given this lack of significance, it was decided to
explore the relationship between judgement and production of each of the 10 words for each group. A
Pearson’s chi-square test of contingencies (with
α ⫽.05) was carried out for each word, in order to
evaluate whether judgement was related to accurate
production of that word. The chi-square test was not
significant.
Ability to judge own incorrect productions. Detailed analysis of the data highlighted a number of occasions
where a child was asked to judge an inaccurate production (input) that directly matched their own
incorrect production (output). In order to explore
this further, we conducted a more detailed analysis
of these instances. For example where a child named
binoculars /b n kjul z/ as [b n kli z], we investigated
how they judged the accuracy of the item “Is
this /b n kli z/?”. It is important to recognize that
only one example of naming was analysed and therefore we have no evidence of stability of production,
and as such this may not be the only way the child
produces this word.
The data were examined and 31 occasions were
identified where a child was presented with his/her
own inaccurate production in the judgement task
(see Table V). Of the six examples for children with
SLI, in three cases they accepted their own inaccurate production as correct. Of the nine examples
for the age-matched group, in two cases the
inaccurate productions were accepted as correct,
and both these occasions occurred in the one participant. For the younger, language-matched participants, there were many more examples (16). In
ten of these occurrences, the language-matched
children rejected their own inaccurate productions,
while in the other six cases they accepted their
inaccurate productions.
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Table V. Judgement of own inaccurate productions.
Group
SLI

Production

Accepted/rejected

[hɪtʌ ̍pɒtʌməs]

Rejected

[ ̍krɒtʌdaɪl]

[ ̍tɪlʌskoʊp]

[ ̍ɹaɪnɒtərəs]
̍
[pəs ɡeti]
AM

[hɪtʌ ̍ pɒtʌməs]
[bə ̍ nɒkliəz]

̍
[ maɪɡɹəfoʊn]
̍
[ dɒmɪnɒz]
̍
[ telʌskɒp]
̍
[ɹaɪ nɒsərəz]
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[hɪbʌ ̍ pɒtʌməs]
̍
[ bəsɡeti]

[bə ̍ nɒkliəz]
[hɪbʌ ̍ pɒtʌməs]
LM

[bə ̍ nɒkliəz]
̍
[ maɪkwəfoʊn]

[bə ̍ nɒkliəz]
̍
[bəs ɡeti]
̍
[bəs ɡeti]

[bə ̍ nɒkliəz]

[hɪtʌ ̍ pɒtʌməs]
̍
[bəs ɡeti]
̍
[bəs ɡeti]
[bə ̍ nɒkliəz]

[hɪbʌ ̍ pɒtʌməs]
̍
[heli kɒbdə]
[hɪtʌ ̍ pɒtʌməs]
[bə ̍ nɒkliəz]

[hɪtʌ ̍ pɒtʌməs]
̍
[ maɪkwəfoʊn]

Rejected
Accepted
Rejected
Accepted
Accepted
Rejected
Rejected
Rejected
Rejected
Rejected
Accepted
Accepted
Rejected
Rejected
Accepted
Rejected
Rejected
Rejected
Accepted
Rejected
Rejected
Accepted
Accepted
Rejected
Accepted
Rejected
Rejected
Rejected
Rejected
Accepted

SLI, Specific Language Impairment group; AM, age-matched
group; LM, language-matched group.

Discussion
This study aimed to explore the relationship between
input and output speech processing using a computer-based task designed to assess quality of phonological representations in children with SLI, and
age-matched and language-matched peers. It was
hypothesized that children with SLI would have
decreased accuracy at both correctly rejecting inaccurate productions of multisyllabic words and naming
multisyllabic words. It was also hypothesized that
there would be a correlation between the ability to
correctly name multisyllabic words and the ability to
reject inaccurate productions. The SLI participants
performed significantly worse on the judgement task,
despite similar naming skills to the AM group. There
was no significant correlation between judgement
and naming at either a task level or for individual
words for any of the participant groups.
On the input, or judgement task, the children with
SLI demonstrated significantly poorer performance
than either age- or language-matched peers. This

suggests, as hypothesized, that children with SLI
have lower quality phonological representations than
the AM or LM groups. This result is consistent with
the recent findings of Marshall, Ramus, and van der
Lely (2010) that children with SLI were more likely
to accept productions of words with slight assimilatory variation in consonant place as correct.
On the phonological accuracy measure, the pattern of results followed a developmental sequence,
with the younger language-matched group demonstrating significantly weaker performance than either
of the other two groups. Thus, the hypothesis that
children with SLI will have decreased accuracy at
naming multisyllabic words, compared to the younger
language-matched participants, was not supported.
Performance on the judgement task suggested that
children with SLI had significantly weaker, more
imprecise phonological representations than the typically-developing children. However, performance
on the naming task (phonological accuracy measure)
suggested that, for naming, differences were developmental. Both the participants with SLI and the
younger typically-developing participants had some
residual output difficulties as evident in their scores
on the naming task.
There was no correlation between the ability to
correctly reject inaccurate productions and the ability to say the words correctly. This was consistent at
both the task and individual word level. As a result,
there was no support for the hypothesis that a correlation would exist between the general ability to
correctly reject an inaccurate production and the
ability to correctly name the items.
The lack of a significant correlation between naming
and judgement of the same words suggests separate
input and output phonological representations. This
finding is consistent with theoretical models such as
Stackhouse and Wells (1997) and Monsell (1987) who
propose separate but linked input and output phonological representations. This pattern supports findings
such as those by Vellutino, Fletcher, Snowling, and
Scanlon (2004) who reported that children with dyslexia have a marked deficit in speech production with
no corresponding deficit in speech perception.
In order to further explore the relationship between
stored phonological representations and correct productions, the children’s ability to reject their own
inaccurate productions was examined. Although the
data set was small some interesting preliminary findings emerged. The children with SLI were more
likely to accept their own inaccurate productions of
a word as correct than the age-matched participants.
For the language-matched group, there were more
instances of inaccurate productions. Similarly to the
SLI group, these younger participants evidenced
some difficulty in rejecting their own erroneous
forms, albeit at a lower rate.
Stackhouse, Vance, Pascoe, and Wells (2007, p. 74)
suggest that “Accepting similar sounding non-words
as the real word implies that the child’s phonological
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Stored phonological representations and output
representation of that word is fuzzy or inaccurate”.
This would suggest that the children with SLI demonstrated evidence of weaker phonological representations. In contrast, in the AM group, there were nine
occasions where a child was asked to judge their own
inaccurate production. Only one participant accepted
his own inaccurate productions as correct, and this
participant did so on two occasions. This suggests the
older children demonstrated evidence of more precise stored phonological representations. The LM
participants appeared to fall somewhere in between.
Given that this analysis was undertaken after the
data were collected there were limited opportunities
for children to reject their own inaccurate productions. Further research should consider individually
designing judgement tasks, using a child’s own mispronunciations, in order to explore the relationship
between judgement (input) and naming (output) in
more detail, and further our understanding of the
structure of underlying phonological representations
in the lexicon.
The results of this study suggest that children with
SLI have poor input and output phonological representations in contrast to age-matched typically-developing children, who only evidenced some residual
output difficulties and performed more strongly on
the judgement task. The LM children demonstrated
a higher number of errors in their pronunciation of
multisyllabic words. Although their performance on
the judgement task was not significantly different to
the AM children, their performance when asked to
judge the accuracy of their own output errors suggested that their input phonological representations
lacked the precision and accuracy of those of older
children. Given that this participant group has just
begun formal literacy education, this finding supports that of previous research (Bishop & Snowling,
2004) which suggests that phonological representations become more refined with the acquisition of
literacy.
Clinical implications
This research has demonstrated the value of silent
or judgement tasks as part of an assessment battery
in order to investigate a child’s input phonological
representations. It has also highlighted the value of
multisyllabic naming tasks in order to assess output
phonological representations. Results of this study
lead us to urge caution in interpreting speech errors
as being indicative of underlying weakness with
stored phonological representations, as for the typically-developing children in this study this was not
always the case.
Individually designed assessment tasks where a
child is asked to reflect on their own inaccurate productions open the window into stored phonological
representations. Tasks of this nature measure the
accuracy of the child’s input phonological representation for individual words. There is a place for these
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measures in the assessment of children for whom
imprecise or fuzzy input phonological representations are indicated, as has been recommended by
Stackhouse and Wells (1997). One such example
described in the literature where a child is presented
with their own output error is Locke’s (1980) Speech
Production-Perception Task in which a child is asked
to judge the accuracy of his/her own erroneous forms.
The results of our study support the use of such
individually-designed assessment tasks in order to
help determine to what degree speech errors are a
result of speech output difficulties or a sign of poorly
specified underlying phonological representations.
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General discussion
The aim of this program of research was to explore how children with SLI process
phonological information and thus to add to our understanding of the nature of the
underlying deficit in SLI. The research is unique in a number of ways. Firstly, in
contrast to most of the literature in the area, a broad range of phonological processing
measures was included in the task battery. These tasks were carefully selected to
allow analysis and interpretation using the speech processing model proposed by
Stackhouse and Wells (1997). The task battery also included two recently developed
receptive measures of phonological representations (Claessen et al., 2009; Claessen et
al., 2010). In addition, in order to minimize the impact of the well-recognised
heterogeneity in the population of children with SLI, tight selection criteria were
employed and a comprehensive set of tasks was employed to ensure all participants
with SLI met the DSM-IV (American Psychiatric Association, 1994) criteria for SLI.
Finally, two comparison groups of children with typical language development were
utilized as controls: one group of children matched closely for age, and a second
group matched for receptive language skills. The inclusion of two groups of typically
developing participants allowed for the SLI participants to be compared with each
group of typically developing children and thus permitted a consideration of both
language delay and language difference in specific language impairment.
Overall the findings of this program of research provided some support for a specific
processing account of SLI. The children with SLI demonstrated significantly weaker
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performance on tasks which required access to high quality phonological
representations of multisyllabic words as well as both short term and working
memory tasks.
Findings from the program of research will now be integrated and interpreted within
the Stackhouse and Wells (1999) speech processing model considering input
processing, lexical storage and output processing. Results will be discussed with
specific reference to how the findings inform our understanding of the underlying
deficit in SLI.
Input processing
Input processing skills were assessed using a range of both short term and working
memory tasks. In general the children with SLI performed more poorly than typically
developing children matched for age, however the comparison with typically
developing children matched for receptive language skills was more complex.
Short-term memory was assessed using two measures, a number repetition forward
task (Semel et al., 2003a) and a nonword repetition task (Dollaghan & Campbell,
1998). Repeating digits requires holding an item in memory, while waiting to hear all
of the input, and then access the stored phonological representations, motor plans and
motor programmes for the items prior to responding. On this task, the children with
SLI demonstrated significantly weaker performance than either age matched or
language matched groups. Given that the items in this task are short words which are
well known by the participants, it is hypothesized that this reflects the weaker input
processing and short term memory skills of the children with SLI.
115

The results of the nonword repetition test (Dollaghan & Campbell, 1998) were more
surprising, with the SLI participants demonstrating significantly weaker performance
than the age matched group but not the language matched group. Thus the ability to
repeat nonwords appeared related to receptive language ability. This finding is in
contrast to some of the literature where children with SLI were found to have poorer
nonword repetition skills than language matched peers (Gathercole & Baddeley,
1990). As discussed in paper 4 (Claessen et al., in press) this may be a result of the
nonword repetition task selected for this research which did not include any consonant
clusters. Marshall and van der Lely (2009) suggested that children with SLI have
particular difficulty repeating nonwords which contain a consonant cluster, and thus
this was proposed as one explanation for the pattern of responses. Further attempts to
understand this observation also revealed that the language-matched participants in
this program of research had an average age of 5; 6 years which is younger than the
age of the typically developing children in the study by Dollaghan and Campbell
(1998) and, in fact, younger than the typically developing children in most of the
studies included by Graf Estes, Evans, and Else-Quest (2007) in their meta-analysis.
Therefore the lack of a significant difference between the SLI participants and the
language-matched participants may be due to the task being too difficult for the
younger children, which was supported by their scores on the task. Further research
with a variety of nonword repetition tasks in typically developing children and
children with SLI over wider ranges of ages is required to further investigate this
finding.
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Two measures of working memory were included in this program of research. SLI
participants and age-matched peers completed a number repetition backwards task
(Semel et al., 2003a) and the Competing Language Processing Task (Gaulin &
Campbell, 1994). The younger language-matched peers did not complete the
Competing Language Processing Task.
The SLI participants demonstrated weaker skills on the Competing Language
Processing Task than AM peers. This suggests that less processing resources were
available to complete the storage and processing tasks at the same time. And is in
keeping with the findings of Petruccelli, Bavin and Bretherton (2012).
On the digits backward task (Semel et al., 2003a) a different pattern of results was
observed with no difference found between the age-matched and SLI group, who both
performed better than the language-matched group. When raw scores were examined
it was revealed that this task was difficult for all groups of participants and the pattern
of results may reflect the overall task difficulty for children aged between five and
seven years of age. Petruccelli, et al (2012) found a similar pattern of results and
reached the conclusion that the processing demands of this task are too difficult for 5
year old children. Thus in summary the children with SLI demonstrated significantly
weaker skills in both short term and working memory than age matched peers. It is
more difficult to draw conclusions between the children with SLI and language
matched peers due to the processing demands of many of the tasks used in the
programme of research.
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Phonological representations
Phonological representations were assessed using two measures developed as part of
this program of research the Quality of Phonological Representations (Claessen et al.,
2009) and the Silent Deletion of Phonemes task (Claessen et al., 2010). While many
other tasks included in the assessment battery require access to the phonological
representations of items such as digits, and colours, they, however, have not been
considered as sensitive measures of phonological representations as they are short,
well learned items which have been carefully selected as items in tasks designed to
measure memory, and rapid retrieval.
On the Quality of Phonological Representations, the SLI participants demonstrated
significantly weaker performance than both groups of typically developing
participants. In contrast, on the Silent Deletion of Phonemes, a developmental pattern
of results was observed with younger children performing more poorly. There are key
differences between the tasks, which may account for the pattern of results. The
Quality of Phonological Representations task requires the child to hear the production
of a multisyllabic word (input processing), hold this production in memory, and then
match this production with a representation accessed from their store, which is
triggered by seeing and recognising a picture. In this task a child makes a judgment
about whether the heard production matches a stored representation of the word at the
whole word level. The Silent Deletion of Phonemes also requires access to a stored
phonological representation with no auditory input i.e it does not require input
processing, but then requires the child to hold the representation in working memory
while manipulating the sound code by removing a specified segment of the word, and
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then selecting the picture that matches the new representation. All items in this task
are either single syllable or compound words.
Key differences between the tasks are therefore the role played by input processing –
which for the QPR requires comparing a word that is heard with one stored, while the
SDOP does not require input processing, the reliance on phonological awareness in
the Silent Deletion of Phonemes task compared to the whole word judgment in the
Quality of Phonological Representations task and the use of multisyllabic words in the
Quality of Phonological Representations task compared to the single syllable or
compound words in the Silent Deletion of Phonemes Task. Thus the children with SLI
have significantly greater difficulty developing fine grained representations for
multisyllabic words than typically developing children, even those matched for
language.
Output processing
Output measures for this programme of research included the multisyllabic word
naming task (Claessen et al., 2009) and the rapid automatised naming task (Wagner et
al., 1999). Both these tasks require the semantic recognition of a picture and then
accessing of a stored phonological representation, motor plan and motor program in
order to produce the name of the item. On the multisyllabic word naming task, when
the measure of semantic accuracy was considered, all participants were able to name
each of the words. When ability to say the words correctly was considered i.e.
phonological accuracy, there was no significant difference between the AM and SLI
groups who were both significantly more accurate than the LM group. On the rapid
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naming task the AM group were significantly quicker than the SLI and LM groups,
and the SLI group were significantly quicker than the LM group.
These findings suggest that the SLI group were able to retrieve motor programs for
multisyllabic words as accurately as their age-matched peers, however on the speeded
task they were significantly slower. This suggests that accurate motor programs have
been developed and stored, even for the multisyllabic words but that processing time
is longer. The inconsistent findings between judgment and production of multisyllabic
words for all participants is consistent with models of speech processing (Monsell,
1987; Stackhouse & Wells, 1997) which propose separate input and output
phonological representations. Drawing on the processing requirements of the tasks,
allows some consideration of these differences. In order to complete the judgment
task, there would be no requirement to access the output phonological representation,
while in order to complete the output, picture naming task, the child would need to
access a stored semantic representation, their output phonological representation and
motor programme.
The phonological awareness measure selected for this program of research was the
Sutherland Phonological Awareness Test (Neilson, 2003). This measure was chosen
as it is commonly used by Australian speech pathologists, and normative data is
available for the Australian population. Similar to the Silent Deletion of Phonemes
measure, a developmental pattern of results was found with the Phonological
Awareness measure. The task selected includes a range of subtests such as rhyme
judgment and generation and onset identification and deletion. Therefore this task
draws on a range of processing routes, input, representations and output across most
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of the subtests. While the children with SLI demonstrated significantly weaker
performance than the age matched group, their performance was significantly better
than the language matched group. This pattern is consistent with research by Zirou et
al (2010) who found that the phonological awareness skills of children with SLI
improved with literacy teaching and phonological awareness intervention.

Theoretical implications
The mapping theory proposed by Chiat (2001) is one example of a processing theory
which highlights the importance of phonological processing skills in the acquisition of
language. This theory proposes that development in vocabulary and syntax relies on
phonological information being accurately perceived and represented in order to
establish strong links between semantic and phonological representations of words.
Overall the findings of this program of research provided some support for a specific
processing account of SLI with the SLI participants having significantly weaker
performance than age-matched peers on short term and working memory tasks as well
as tasks which required access to high quality phonological representations of
multisyllabic words.
The finding that children with SLI demonstrated weaknesses in both phonological
short term memory and working memory tasks supports previous research, and the
suggestion that the underlying deficit in SLI may at least partially lie with memory
(Schwartz, 2009). Both short term and working memory skills are vital in the process
of learning language. The acquisition of language, including the development of
phonological representations involves processing input and information being held in
the phonological loop while precise, well-defined lexical representations are
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developed. This is particularly important in the process of learning new words where
the new representation must be finely grained enough to distinguish it from previously
stored items.
In this program of research the participants with SLI demonstrated a relative strength
in phonological awareness and the ability to internally segment stored phonological
representations, and a relative weakness in the quality of underlying stored
phonological representations particularly for longer words.
The difference in findings between the two measures of phonological representations
may be a result of different task demands. On the Silent Deletion of Phonemes task
participants are able to select the correct response from an array of four pictures,
based on accessing their underlying representations. On the Quality of Phonological
Representations task participants are required to indicate whether a production is
accurate or not, and match the heard word to their own representation. Thus a more
accurate representation of the word is required in order to correctly reject a
production, which may only differ, by one dimension of one phoneme (e.g. is this a

ˈteləvɪӡəm, or is this a ˈdeləvɪӡən). Carroll and Myer (2011) suggest that such a task
places a great demand on the quality of the phonological representation, as individual
phonemes within a word must be attended to. They suggest that before literacy
exposure, phonological representations may be stored using acoustic information

122

The lexical restructuring hypothesis proposes that representations are initially holistic,
but that they become more refined as the vocabulary increases and with the
acquisition of literacy. An alternative view (Coady and Aslin 2004) is that young
children have phonological representations that are segmental in nature, but that they
lack the attention, memory and processing abilities to successfully complete some
tasks. In their study, Coady and Aslin (2004) found that young children (2; 6 -3; 6)
were sensitive to the frequency of individual segments within nonwords supporting
the notion of fine-grained representations. This viewpoint offers the suggestion that
the younger language matched group, indeed had well segmented phonological
representations, as indicated by their performance on the QPR, however their weaker
PA skills, as indicated by performance on the SPAT-R indicates they were not able to
explicitly use segmental processing skills to demonstrate the quality of their
underlying stored phonological representations on the QPR (Foy and Mann 2009).
The relationship between stored phonological representations and phonological
awareness has been investigated by a number of researchers. For example, Rvachew,
Nowak, and Cloutier (2004) used a silent word judgment task, with feedback provided
for inaccurate responses, as an adjunct to phonological therapy to investigate whether
improving the quality of stored phonological representations would result in improved
phonological awareness skills. After a period of therapy, improvement was observed
on measures of phonology, but not phonological awareness. One explanation offered
for this result is that in order to be able to complete phonological awareness tasks, one
must be able to reflect on the structure of the stored words. In this study, the
participants were provided with therapy to improve the quality of their phonological
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representations and their phonology, however there was no explicit teaching of
metalinguistic skills. This may explain the lack of improvement in phonological
awareness despite the improvement in phonology itself. This hypothesis is supported
by Swan and Goswami (1997) who propose that strong phonological awareness skills
may be a consequence of phonological representations which are both accurate and
organized by segmental structure of words. The relationship between phonological
awareness and stored phonological representations in typically developing children
was discussed in paper 1 (Claessen et al., 2009). It was reported that, for typically
developing children “performing poorly on the QPR task usually indicated poor PA”
(Claessen et al., 2009, p. 136).
All the SLI participants in this program of research were attending a Language
Development Centre and were receiving intensive intervention including phonological
awareness programs. The effectiveness of these evidence based programmes may
partially explain the relatively strong performances by the SLI participants on the
phonological awareness and the Silent Deletion of Phonemes tasks however did not
result in improvement in the quality of underlying stored phonological representations
as reflected by performance on the QPR.
It may be that the children with SLI had learnt to complete the phonological
awareness tasks, and thus had improved metalinguistic skills, but that this was more a
learned metacognitive skill rather than the result of increased quality of the underlying
stored phonological representations. Perhaps the observed weakness in phonological
and working memory may be impacting on the ability to develop well specified, high
quality phonological representations especially of longer and more complex words.
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Another possible explanation is that children with SLI have more difficulty laying
down accurate phonological representations for multisyllabic words than for shorter
words. Processing and developing phonological representations for multisyllabic
words places increased pressure on working memory and the phonological loop,
known to be weaker in this population, and as a result less accurate representations
may be developed. Tasks to measure phonological awareness generally include only
single syllable words, and this may mask residual imprecision in the phonological
representations of such words.
A deficit in phonological and working memory and in establishing well specified
lexical representations may explain the myriad of symptoms found in the SLI
population. For example, the well documented difficulty in learning new words may
be the result of difficulty developing well accurate, well-specified phonological and
semantic representations and developing strong links between the two (Alt & Plante,
2006; Sheng & McGregor, 2010). The finding that children with SLI were able to
identify each item in the QPR and SDOP suggests that initial mapping of the word has
taken place. However their difficulty with rejecting erroneous productions of the
words, and acceptance of their own inaccurate productions as correct, suggests their
representations are not as well specified as those of typically developing children.

Translation to practice
In order to develop a comprehensive understanding of the speech processing skills of
children presenting with language and/or literacy weaknesses, it is important that the
assessment battery contains tasks which assess a range of speech processing skills.
The Quality of Phonological Representations and Silent Deletion of Phonemes tasks
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developed in this program of research allow clinicians to assess the quality and
accuracy of a child’s stored phonological representations without requiring spoken
output. Such tools are important for all clinicians, especially those working with
children with speech sound impairments, or those who use augmentative
communication.
In addition to supporting the finding that children with SLI have difficulty with
phonological processing, this research provided further evidence of the heterogeneity
of SLI, despite tight selection criteria. Such findings highlight the need for
individualized assessment and intervention. The use of a theoretical model to design
assessment tasks and subsequent intervention will continue to develop the evidence
base for intervention with such clients. In order to disseminate the results of this
research to clinicians, who are consumers of research, paper three was published as a
summary of findings on two clinically relevant tasks, and interpreted using a
theoretical model.
The SLI participants had been involved in intensive therapy focusing on phonological
awareness skills, and while the intervention is hypothesised to have led to stronger
skills on the tasks which require phonological awareness skills, it did not appear to
have a similar impact on the underlying phonological representations. Thus when
planning intervention for children with SLI, clinicians need to consider how to
facilitate the development and storage of underlying phonological representations, as
well as teaching phonological awareness skills. Rees (2001) highlights the importance
of strengthening links between different forms of representations in the lexicon in
therapy and provides strategies that can be used in implementing such an approach.
126

Given the identified weakness with short term and working memory there may be
value in considering the memory demands of therapy tasks. The effectiveness of
therapy may be improved by reducing the memory demands of tasks, using strategies
such as short utterances, stressing key words and perhaps using visual scaffolds. The
majority of phonological awareness programs contain single or two syllable items,
rather than multisyllabic word items. The demonstrated difficulty children with SLI
have with developing accurate representations of multisyllabic words highlights the
need for items within phonological awareness programs to include multisyllabic
words to assist children develop finely grained representations.

Limitations
While this program of research has made a significant contribution to our knowledge
and understanding of specific language impairment, there are a number of limitations
that must be acknowledged. A major focus of this research was to employ tight
selection criteria to ensure all participants met the DSM-IV (American Psychiatric
Association, 1994) criteria for SLI. It was hypothesized that this might reduce some
of the previously observed heterogeneity, however it resulted in only 21 participants
in the SLI group, and despite the tight selection criteria, heterogeneity still existed
within the SLI participants.
All participants with SLI were drawn from the one school in Western Australia. While
this reduced some heterogeneity within the group it does limit how well results of this
research can be generalised to other children with SLI. In addition the participants
with SLI received classroom based language intervention prior to the study and
continued to do so throughout data collection. While the impact of such language
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intervention on phonological awareness skill has been acknowledged throughout, the
impact on other language domains is unknown.
Another focus of the program of research was to collect information on a full battery
of phonological processing skills. The link between phonological processing skills
and literacy development is well researched for typically developing children (Catts,
Fey, Zhang, & Tomblin, 2001; Snowling, 2000a, 2000b) and children with reading
difficulties (Boada & Pennington, 2006). This program of research offered an
opportunity to explore the link between phonological processing skills and literacy
development in a tight knit group of children with SLI. Much research has also
focused on the overlap and co-existence of SLI and dyslexia (Catts, Adlof, Hogan, &
Ellis Weismer, 2005; Pennington & Bishop, 2009) however due to the age of the
participants and the amount of data that was already being collected a decision was
made to focus on phonological processing skills rather than to include additional
literacy measures.

Future directions
This program of research has added significantly to our knowledge of phonological
processing skills in specific language impairment. There are a number of areas which
require further research.
Despite the tight participant selection criteria employed in this program of research,
there was still a significant amount of heterogeneity evidenced within the SLI
participant group. This requires further investigation. A larger participant pool would
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allow researchers to explore the existence of subgroups within the current diagnostic
category of SLI.
As acknowledged above, data was not collected on any measures of literacy. Given
the overlap between dyslexia and specific language impairment is well documented,
as such future research should focus on the relationship between dyslexia and specific
language impairment and the role of phonological processing skills in each.
The current research highlighted the weakness in phonological and working memory
and the quality of stored phonological representations. Future research is required to
explore the relationship between the ability to learn new words and phonological
processing skills particularly in the acquisition of new multisyllabic words. The
Quality of Phonological Representations Task and the Silent Deletion of Phonemes
Task were both valid and reliable tools for pre-school children. Future research should
also address the need for similar tasks in younger children in order to identify children
at risk for later language and literacy difficulties.
Children with SLI were identified as having particularly poor quality representations
of multisyllabic words and thus future research is required to investigate how to
improve the quality of such underlying stored representations. In this research it was
identified that phonological awareness programs, appear to improve phonological
awareness skills, yet the impact was less obvious on the underlying representation.
Future research is required to identify effective strategies to improve the phonological
representations at all word lengths, which are vital for literacy.
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Conclusion
This program of research has drawn on a speech processing model (Stackhouse &
Wells, 1997) to explore the phonological processing skills of a tightly defined group
of children with SLI. A range of phonological processing measures were included in
this research, including two innovative tasks (Claessen et al., 2009; Claessen et al.,
2010) designed to assess the quality and accuracy of stored phonological
representations without requiring spoken output. In addition, two comparison groups
of typically developing children were recruited, one group matched for age and
gender, and the other matched for gender and receptive language skills facilitated
consideration of both language delay and language difference in specific language
impairment.
The children with SLI demonstrated an interesting pattern of phonological processing
skills, with particular difficulty observed in phonological and working memory.
Children with SLI also evidenced lower quality stored phonological representations of
multisyllabic words. Performance on measures of phonological awareness was
relatively strong indicating that such skills can be taught, but that improvement in this
area does not necessarily improve the quality of the underlying phonological
representation.
This research highlighted the heterogeneity within Specific Language Impairment. It
provided some support for a specific processing account on SLI and highlighted the
importance of phonological and working memory in the development of accurate
phonological representations.
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Appendices
APPENDIX 1 –Quality of phonological representations task
Instructions:
You’re going to see some pictures on the computer and hear the names of the pictures.
Sometimes you will hear the names said the right way but sometimes they will be a
bit wrong. Your job is to click on this green button when the name is right, and click
on this red button when the name is a bit wrong.
Are you ready, let’s start…..
Make sure the child returns the mouse to the centre of the screen before pressing
ENTER to display the next picture.
Non-specific feedback should be given after each item. For example: well done, good
boy/girl, you’re doing a great job.
Item

Pseudowords

Training A: Boomerang

ˈbᴐmərӕng
ˈbubərӕng
ˈpumərӕng
ˈbunəræŋ
ˈbumərɒng
ˈbʊmərӕng
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Training B: Ambulance

ˈambuləns
ˈӕmpuləns
ˈӕnbuləns
ˈӕmuləns
ˈӕmpulɔns
ˈʌmbuləns

1. Helicopter

ˈhelikɒbtə
ˈhelikʊptʌ
ˈhekilɒptə
ˈhewikɒptə
ˈhɪlikɒptʌ
ˈhelitɒptə

2. Telescope

ˈteliskɒp
ˈtelisloʊp
ˈtɪliskoʊp
ˈteliskoʊb
ˈtewiskoʊp
ˈtɒliskoʊp

3. Dominoes

ˈdɒmɪnɒz
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ˈdɒmӕnoʊz
ˈdʊmɪnoʊz
ˈtɒmɪnoʊz
ˈdɒmɪsoʊz
dɒmɪmoʊz
4. Crocodile

ˈkrɒkədɪl
ˈkrɒkətaɪl
ˈkɒkədaɪl
ˈkrӕkədaɪl
ˈkrʊkədaɪl
krɒtədaɪl

5. Television

ˈtiləvɪӡən
ˈdeləvɪӡən
ˈtesəvɪӡən
ˈteləvɪӡəm
ˈteləvuӡən
tɪləvɪӡən

6. Hippopotamus

ˈhɪpəpɪtəməs
ˈhɪtəpɒtəməs
ˈhepəpɒtəməs
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ˈhɪbəpɒtəməs
ˈhɪpəpetəməs
ˈhɪpəpɒtəpəs
7. Binoculars

ˈbaɪnɔkjuləz
ˈbaɪmɒkjuləz
ˈbaɪnɒgjuləz
ˈbaɪnɔkliəz
ˈbaɪnʊkjuləz
ˈbaɪnukjuləz

8. Microphone

ˈmӕkrəfoʊn
ˈmaɪkwəfoʊn
ˈmaɪkrəfun
ˈmaɪgrəfoʊn
ˈmaɪkrəfɒn
maɪkrəfoʊm

9. Rhinoceros

ˈraɪnɒtərəs
ˈraɪnusərəs
ˈraɪnɒsərəz
ˈraɪmɒsərəs
ˈraɪnӕsərəs
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ˈraɪnɔsərəs
10. Spaghetti

spəˈgeki
bəˈsgeti
spəˈgiti
spəˈketi
spəˈgɒti
pəˈsgeti
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Appendix 2 –Silent deletion of phonemes task
Instructions
For each item the child sees a picture on a computer screen and is asked to “look at
this picture and think of the name of, but don’t say it out loud” e.g. switch.
They are then asked ‘now what word would it make if I took away the XX sound’, for
example, took away the ‘s’ sound. They then see a computer screen consisting of four
pictures—the correct response (witch), a semantic foil (light) and two phonological
foils (swing and watch) (Figure 3). The child indicates their answer using the
computer mouse.
Training Items
Stimulus

Instruction

Target

Phono
distractor

Phono
distractor

Semantic
distractor

1 Teapot

Delete tea

Pot

Cot

Tea

Kettle

2 Earring

Delete ring

Ear

Ring

Beer

Head

Syllable Level
Stimulus

Instruct

Target

Phono
distractor

Phono
distractor

Semantic
distractor

1 Football

Delete foot
(1)

Ball

Wall

Foot

Basketball

2 Starfish

Delete fish
(2)

Star

Car

Fish

Octopus

3 Eggcup

Delete cup
(2)

Egg

Leg

Cup

Spoon

4 Cowboy

Delete boy
(2)

Cow

Cloud

Boy

Sheep
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5Toothbrush

Delete tooth
(1)

Brush

Bus

Tooth

Toothpaste

Onset-rime
Stimulus

Instruction

Target

Phono
distractor

Phono
distractor

Semantic
distractor

Tie

Delete t

Eye

Pie

Tyre

Hat

Feet

Delete f

Eat

Meat

Wheat

Shoe

Leg

Delete l

Egg

Peg

Log

Arm

Dice

Delete d

Ice

Mice

Dive

Game

Gate

Delete g

Eight

Plate

Game

Cage

Phoneme – Final Sound
Stimulus

Instruction

Target

Phono
distractor

Phono
distractor

Semantic
distractor

1 Cart

Delete t

Car

Dart

Heart

Horse

2 Beak

Delete k

Bee

E

Key

Bird

3 Sword

Delete d

Saw

Four

Door

Knight

4 Fork

Delete k

Four

Saw

Farm

Knife

5 Pies

Delete z

Pie

Eyes

Peas

Sauce

Phoneme – WICI
Stimulus

Instruct

Target

Phono
distractor

Phono
distractor

Semantic
distractor

1 Ski

Delete s

Key

C

Sky

Sled

2 Train

Delete t

Rain

Crane

Tray

Bus

3 Switch

Delete s

Witch

Swing

Watch

Light

4 Swing

Delete s

Wing

Ring

Swim

Slide

5 Block

Delete b

Lock

Black

Clock

Dice
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Phoneme – WICF
Stimulus

Instruct

Target

Phono
distractor

Phono
distractor

Semantic
distractor

1 Bread

Delete r

Bed

Red

Head

Cake

2 Snail

Delete n

Sail

Nail

Snake

Beetle

3 Black

Delete l

Back

Sack

Block

Grey

4 Blocks

Delete l

Box

Lock

Socks

Toy

5 Clap

Delete l

Cap

Clip

Map

Hand

Phoneme - WFCI
Stimulus

Instruct

Target

Phono
distractor

Phono
distractor

Semantic
distractor

1 Sand

Delete n

Sad

Hand

Sack

Sand Castle

2 Nest

Delete s

Net

Neck

Knot

Bird

3 Trains

Delete n

Trays

Hay

Tray

Buses

4 Pump

Delete m

Pup

Plum

Cup

Bike

5 Ghost

Delete s

Goat

Coat

Toast

Witch

Phoneme - WFCF
Stimulus

Instruct

Target

Phono
distractor

Phono
distractor

Semantic
distractor

1 Lamp

Delete p

Lamb

Cap

Stamp

Table

2 Belt

Delete t

Bell

Bed

Head

Jeans

3 Gold

Delete d

Goal

Bowl

Foal

Silver

4 Shelf

Delete f

Shell

Bell

Well

Desk

5 Wink

Delete k

Wing

Pink

One

Blink
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