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Abstract

Purpose: Children with speech sound disorders (SSD) find polysyllables difficutybagw
routine sampling and measurement of spe@duracy are insufficient to describe

polysyllable accuracy and maturity. This study had two aims: (1) compargpeech
production tasks and, (2) describe polysyllable errors within the Framework of IRdlkesy
Maturity. Method: Ninety-three preschool children with SSD from the Sound Staly St
(4;0-5;5 years) completed the Polysyllable Preschool Test (POP; Baker, 201Bgand t
Diagnostic Evaluation of Articulation and Phonology (DEAP-Phonology; Dodd et al., 2002).
Result: Vowel accuracy was significantly different between the POP and the-DE
Phonology. Polysyllables were analysed using the seven W&eetlAnalysis of

Polysyllables (WAP) error categories: (1) substitution of consonants ots/@ve8% of
children demonstrated common use), (2) deletion of syllables, consonants or 6&:Es)(

(3) distortion of consonants or vowels (0.0%), (4) addition of consonants or vowels (0.0%),
(5) alteration of phonotactics (77.4%), (6) alteration of timing (63.4%), and ()i

or alteration of sequence (0.0%). The Framework of Polysyllable Maturityiloled five

levels of maturity based on children’s errors. Conclusions: Polysyllable piaasiof

preschool children with SSD can be analysed and categorised using the WAP, anetaater
using the Framework of Polysyllable Maturity.

Keywords:speech sound disorders, speech impairment, phonology, assessment, polysyllables
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Polysyllable productionsin preschool children with speech sound disorders. Error
categories and the Framework of Polysyllable Maturity
INTRODUCTION

Children’s productions ofgdysyllablesare associated wifphonological awareness
andliteracy abilitiesat schoolage(Larrivee & Catts, 1999), and magsist with the
identification of preschool children with speech sound disord&8&)who may beat risk of
future literacy difficultiegPreston et al., 20133eforefurther research into the association
between polysyllable accuracy and literacy development can be condutttguleschool
children withSSD three issues need to ineestigated (1) task's appropriate for sampling
polysyllable productions of preschool children, (2) methods used to analyse and aategoris
error productions, and3) a frameworko interpretheerrors and polysyllable maturiof
preschookthildren wih SSD This studyaddressethoseneedshrough an investigation of
the polysyllable productions by preschool children with phonologically-based&SD
unknown origin.

Speech sound disordeasecommon communication difficulties children. Children
mayhaveunintelligible speech based on perception, phonological and/or prodbesed-
difficulties (International Expert Panel on Multilingual Children’s Speech, 2018 .focus
of the current research geschoothildrenwith phonologicallybased SSDrhat is,children
who demonstrate delayed phonological development in the absence of overt motor speech
difficulties. The speech of preschool children with phonologidasiged SSD reflest
patternbased errors reminisent of youngéildren with typicallydeveloping speech and
languaggBroomfield & Dodd; 2004; Dodd, 1995; Shriberg et al., 20056gse errors may
involve systemic substitions such as replacing one class of phoneme for another, or
structural simplifications such as deletsmundsor syllablesn particular word positionst |

is thought that substitution and deletiemor paternsreflect poorly specified underlying
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phonological representatio(dnthony, Williams, Agharaet al., 201Q)lt is the lack of
specified underlying photagical representatiawhich has been linked to poor
phonological awareneskills andliteracyoutcomes (Anthony et al., 2011; Elbro, 1996;
Fowler, 1991; Fowler & Swainson, 2004; Swan & Goswami, 199i¥en that between 30%
and 77% of schoakgedchildren with SSD have literacy difficulties (Anthony et al., 2011),
there is a need to be ableletteridentify the preschool childrewith SSD most at risk of
future literacy difficultiesbefore they staformalliteracy instructionOne way to ideiifty
thesepreschookthildrencould beto sampleandclosely analyse theproductionsof
polysyllables. Polysyllables amords of three or more syllablaad arealso known as
multisyllabic words (Kehoe &toetGammon, 1997; Mason, Bérubé, Bernhardt &
Stemberger2015) or polysyllabic words (Gozzard, Baker & McCabe, 2006; James, 2006;
James, van Doorn & McLeod, 2008plysyllabes are thought to be more taxing than
monosyllabic wordsisthey contain more information to Iperceived stored in underlyig
representations and produced. Evidence to support this idea comes from research on typical
speechacquisition When compared to monosyllables, polysyllables take a longer time to
acquire(James et al., 2008) and, when sampled, may assist with the identification of children
with different sub-classifications of SSD (Vick et al., 2014). What follows is arvieveof
literature ontypically developing children’ acquisition of polysyllables, and consideration of
how polysyllables might be sampled, analysed and measured.
Typical acquisition of polysyllabic words

Polysyllable acquisition in typically developing childreas been studied using three
main measures: phoneme accuracy, syllable accuaadgtressaccuracyJames, 2006;
James et al., 2008). James (2006) proposed thktastemature reaation of polysyllables,
as demonstrated by young children, primarily contlanstressed syllable, with the correct

vowel (i.e.children frequetty delete the lessalient weak syllables). As children grow older
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and their production of polysyllables becomes more mature, children gradualgmlev
phonemic accuracy of the consonants withinstinessed syllablggames et al., 2008).
During these eaylpolysyllable productions, notmal weak syllables arfrequently omitted
(e.g.bananalnana] for /ba'nana/ and elephan{'efont] for /'elafant/) as children develop
vowels in context (also known as syntagmatic productiQlashest al.,2008). From thege
of 2;4, typically developing children produce more mature polysyllables by inclatitige
syllables (including weak andrehg syllables) and demonstrat@rect stress accuracy
although pbnemic accurey may be reducec(g.elephan{'swafont] for /'elafont/). In
children aged four years and ovéameg2006)observed that phonemic accuracy was
realised tadhe detriment of stress accuraeyd.elephan{'elifont] for /'clafont/). James
(2006) hypothesised that the shift in polysyllable accusaoghildren grew oldeyccurred
becausestored phonological representations became more specified. Children with more
specified phonological representations for segmental information remaoredne to the
segmental iformation at the expense of stregxuracy. Thus, James’ work with children
who have typically developing speech and language suggests that everakalysis of
polysyllable productions, based on unique categories exploring phoneme accurduag sylla
accuracy, and stress accuragyy provide insight into the nature of the errorsthed
maturity ofthe phonological systems of children with phonologically-based SSD.
Considering that a worlvel analysis appears to be important, it is necessary to determin
how these words might be sampled.
Assessment of polysyllabic words

Single word picture-naminigasksare commonly used lgpeecHanguage
pathologists $LP9 to assesshildren’sspeeci{McLeod & Baker, 201 An important
component of any samplinggkis the capacity to measure a range of possible phonological

errors across a sampéword positionsin a relatively short period of tim{&isenberg &
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Hitchcock, 2010; Kirk & Vigeland, 2035In an analysis of 22 picturgaming tests, James
(2006) highlighted that commonly-used speaskessmentafrequently sampled
polysyllables.

Consequently, it has been suggested that routine speech sampling tasks be
supplemented with polysyllable tasks (Baker & Munro, 2011; James et al), Bod&ver,
it has yet to be empirically established that such supplementation is neeadeak to
comprehensively describe the nature of children’s phonological difficulidangoarticular,
their production of polysyllable®ecent evidence suggests tblaildren with SSD may be
classified in to subgroups based on speech production accuracy across a numberk€disylla
word and polysyllable tasks (Vick et al., 2014). Thus, research is needed to compare the
information yielded from a routine speech sangpliask containing relatively few
polysyllables with a polysyllabispecific sampling task ipreschool children with
phonologically-based SSD of unknown origin. It would be expected that the children’s
polysyllable productions would be less accurate gtianchildren with typicallydeveloping
speech and language demonstsgtemigsegmentaliand structural phonological processes
in polysyllables well beyond the ages previously reported based on mono- and disyllabic
word stimuli (James, Ferguson & Butcher, 2016). In addition, it has been reported that
children with typicallydeveloping speech and language demonstrate lower consonant and
vowel accuracy when saying polysyllables compared with monosyllabic aniddisylords
(James, 2001; Vance, Stackhouse & Wells, 2005). Sampling tasks aside, considecation als
needs to be given to how a sample of polysidigproduced by children with
phonologicallybased SS2ould besbe analysed.
Analysis and measurement of polysyllables

A common method foanalysng and measuring speech producticowacyin

children with SSDOs the calculation opercentage of consonants correct (PCC) (Shriberg,
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1993; Shriberg et al., 2010), oomputing astandard score based on a raw PCC valige (
Dodd & Crosbie, 2005). Over the years, PCC has been used widely as a stajetzdince
measure to demonstrate baseline speech accuracy and improvements in speech accuracy
following intervention PCC has also been associated \ihceptual ratings athildren’s
speechntelligibility (McLeod, Harrison & McCormack, 2012ndchildren’s early literacy
skills (Larrivee and Catts, 1999). Specificalbgrrivee andCatts,(1999 reported that a PCC
based on the production of polysyllabic real and nonwords (referred to as a NPQLCT -
measurepccounted for the greatest independent variance in reading outcomes at the end of
year 1 in 30 children with phonologicalbased SSDAlthough more helpful than a broad
measure of PCGQY could be argued that polysyllabic PCC scor@one does not yield
meaningful information about trfferent types of errors iohildren’s productiondJsing a
PCC measurall consonants are considered equal, regardless of phonotactic context,
phonetic complexityor age of acquisitiofPrestonRamsdel| Oller, Edwards& Tobin,
2011).

Qualitative differences in speech accuracy were considered in a longitudinyaisanal
of children’s speech and literacy skidlsfive points in time (preschool to Grade 4) in Sweden
(Magnusson &Nauclér 1993; Magnusso& Nauclér 1999;Nauclér& Magnusson, 1990).
The children in these studies (mean age in preschool = 6;4, mean age at the end oEGrade 1
7;11) were assessed for “phonological deviance” (Magnusdautlér 1993, p. 97) based
on a repetition task of “long and unfamiliar wordbslaQiclér& Magnusson, 1999, p. 174).
The outcomes of these studies suggestecthilairenwho demonstrated phoneme errors in
context (syntagmatic errors) may be less phonologically aware tharechidho
demonstrate phoneme errors in isolation (paradigmatic speech errors) (Mtag&us

Nauclér 1990). The preliminary results of this longitudinal study highlight the need for
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further investigation in to categories of polysyllable errors, and polysgltabturity, of
children with SSD.

A more comprehensive method for analysing children’s productions of polysyllables
was reported by Mason et al. (2015). They studied the polysyllable productions of 10
typically developing Canadian Englisipeaking children agedyearsandeightFrench
speaking children with protracted phonological developmentS5&) age 3to 4years.
Usingthe basic tenets afonlinear phonology, Masaet al. classifiedhe children’s
productions okix polysylladesas either matches aonimatcheswith the adult
pronunciation. They thecategorsedand talliedthe matchesand non-matches dive
differentmeasuresf a word(including foot structure, stress pattern, syllable shape, timing
units and segmentg) create anultisyllabic word metric with andithout vowels. They also
calculatedphonological mean length of utteranc&i{lJ) and PCC. Thediscoveredhatthe
multisyllabic wordmetric (with and without vowelsjvasmore valuabléghan PCC and
pMLU as it more finely differentiated phonological accuracy acrossixhmob/syllabic
words The multisyllabic word metriaumerically captured more information about
segmental and prosodic aspects of the words. The preliminary findings of Mason a
colleagues (2015) support the neednfmrecomprehensiveampling analysis and
measuremertf a wider sample of polysyllablegth a larger sample dénglishspeaking
preschool children with SSD. Additionally, their findingslicatea need for more detailed
descriptions of the types of polysyllalerrors prodced by preschool children with SSD.
They also raise the need to consider the frequency of those errors.
Frequency of errorson polysyllabic words

Although the occurrence of an error can be quite easy to measyian(error can be
present or absenipterpretation of the frequency of occurrence can be challenfindate,

there is no agreed upon criterion éwterminng what isandis not a problem when reporting
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the frequency of occurrence of an erfiamrpreschoothildren with SSOKirk & Vigeland,
2015).For instancein studies which report the presence of phonological processes in
children with typicallydeveloping speech and languaggeech errorsave beerronsidered
“present”’based on: one instance of the use of a phonolggiceés (Hodson & Paden,
1981),at least five instances afprocess (Dodd et al., 2003), or on 20% of opportunities to
use the process (Haelsig & Madison, 1986; Roberts, Burchinal & Footo, 1980&cent
study by Jameg-ergusorandButcher (2016yvith typically developing children aged, 3!-,
5-, 6- and Ayears a phonologicaprocess was considered to be in use at each year &bge if:
20% of the children produced the process @)dhe median percent process occurrence was
greater than 5%\hile such riatively low criterions may be useful fetudying typical
acquisition andlifferential diagnosisi(. determining ifa child does or does not have a
SSD),it has thepotentialto concealdifferences between common and less common errors.
One way ofrevealing differences iarror frequencyparticularly within a clinical sample of
children with SSDis to set a higher criterion. This approach is recommended when wanting
to identify the dominant errors the speech of children with SSBquiringintervention. For
example, Hodson and Paden (1991) recommend a criterion obd@%tence oén error
patternwithin an adequate sample, suaha minimum of 10 opportunities for a specific error
pattern (Hodson & Paden, 1991).
Study aims

In light of the extat literature highlighting the gradual maturity of polysyllables in
typically developing children, and the potentially important role that polysgBanight play
in identifying preschool children most at risk of future literacy difficulties ehe@a eed to
study the polysyllale productions of preschool children with SSEpecifically, there is a
need to consider how polysylllels might best be sampled and how polysyllar®rs

produced by preschool children with SSD could be described with reepbetr level of
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maturity. Thus, he firstaim of this study igo determine whether there is a significant
difference between consonant, vowatdtotal phoneme accuracy betwewvo different
speech sampling tasksra@utine speech samplinggk and a polysyllablepecific sampling
task The second aim is taedcribeand categosiethe polysyllalde errois demonstrated by
preschool childrerwith SSDusing the Wordevel Analysis of Polysyllables (WARjasso,
2016a;seeSupplementary Appendix A), then describe the errors witlerF-ramework of
Polysyllable MaturityMasso, 2016b). In lighdf the literature attesting to the fact that
polysyllables can contain segmental (consonant and vowel) and structusleoad shape,
length and stresshé WAPconsists of sevearrorcategories(1) substitution of consonants
or vowels, (2) deletion ddyllables,consonants or vowels, (3) distortion of consonants or
vowels, (4) addition of consonants or vow€h,alteration of phonotactics, )(&lteration of
timing, and (7)assimilationandbr alteration of sequence. Categories 1, 28l 4 were
based onthe SODA analysig(substitution, omission, distortion, addition) by van Riper (1939)
and categories 1, 2, 5, &)d 7 were informed by Jam¢2006) work on polysyllable
acquisition Further information about the WAP is provided in the method.
METHOD

Context and participant recruitment

The childrerdescribedn this studywere participants the Sound Start Study
(McLeod, Baker, McCormack, Wren & Roulstone, 2013-2015) conducted in early childhood
centres across Sydney, Australide Sound Start Studyas a cluster randosed controlled
trial exploring the effectiveness of a compthassed, firsphase phonological intervention
program forpreschool childrerThe Sound Start Study includesik stages oflatacollection
The currenstudyreportson datacollected during stage2 and 3or years 1 and 2 of the
Sound Start Studfsee Figure 1)Stages 2 and 3 were designed to identify suitable

participants for the intervention that occurred in stage 4.
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Cluster sampling, a hierarchical sampling method, was implemented to select
participants for the study total of 54 early childhood centres were iradtto participatén
years 1 and 2 dheSound Start Study represent a range of socioeconomic areas based on
the Australian Bureau of Statistics, Index of Relative Secmnomic Advantage and
Disadvantage (IRSAD, AB2008)and33centresagreed to paicipate The
director/principal of these centres provided written consent for the involvemératiof t
centre A total of 1353 4- to 5yearold children were enrolled at the participating centres.
During stage 1, screening questionnawesedistributedto the parents of all 4- toyearold
children and 852 (62.9%) questionnaivesre returnedOf these families, the parerds782
children (91.7%) provided consent for their children’s teacher to complete a similar
guestionnaire and 729 (93.2%) of the teacher questionnaires were returned.

Eligibility for participation in stage 2 required thdtldrens parens or teaches
reported concerns about their speech sound development based on the Parents’ Evaluation of
Developmental Status (PEDGJascoe, 2000). Children were excluded from further
participation if the parent and/or teacher repotked the child had a persistent hearing loss,
cleft lip and/or palate or a developmental defalildren were also excluded if parents
reported that the child’s English language proficiency was less thamdmeg language
proficiency.Of the852 children in stage 1, 6%5%ereineligible: 623 children did not meet
the inclusion criteria for further participatigas outlined above), 24 parents did not provide
consent for further assessment, one child did not provide assent for furthemassetsgo
children were excluded due tgarentreported prior diagnosis of childhood apraxia of

speechCAS), and fivewere unable to participate for other reas@g.moving out of area).

1 Demographic data was obtained from 32haf 33 participating sites. A total of 1340 childedtended2
participating sitesDemographic data was only collected from participants at the finddast on

guestionnaire returns (d3).
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A total of 197 childrertompleted assessments in stagél@ibility for participation
in stage 3 required that children had delayed phonological development (less than one
standard deviation from the typical meahparacterisé by the presence tfpical, but
ongoing phonological error patterns or processes with or without the presence ohafjditi
atypical speech sound errors. Children’s speech production eligibility was oheteripased
on the results of their Diagnostic Evaluation of Articulation and Phonology — Phonology
subtes{DEAP-Phonology, Dodd, Hua, Crosbie, Holm & Ozanne, 2002) and analysis using
the PROPH+ module of Computerized Profiling v 9.7.0 (Long et al., 2Qb&dren were
excludedrom stage 3 if they peentedwith articulation errorenly (e.g.children who only
had alisp), hadfeatures consistent witbAS, or if they fell below 2 standard deviations from
the mean as defined on the Preschool Test of Nonverbal Intelligeh®N(; Ehrler &
McGhee, 2008). Children who &l inclusion criteria, and did not meet any exclusionary
criteria, were invited to participate in stage 3 and 97 children werefiddraseligible. The
parens of two of these children withdrew their consent for ongoing participation in the
researchConsequently,tage 3 assessments waralertaken by 95 children. This study
reports the results of the 93 children who completed the Polysyllable Prescho®akest (
2013) in stage 3 of the Sound Start St(tdyo children were unabl® complete this task)
The dildren reported from this stusdame from 29 sitesr(ean number of participants at
each centre = 3.21; rangel-10).

Insert Figure 1 here

Participants

Demographic characteristic3 he 93 children in this study were agetin®en4;0-

5;5 M = 55.6 monthsSD = 4.3 months). There were 58 males (62.4%) and 35 females
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(37.8%). Participants’ IRSAD decilésanged from 1 to 10 with a mean decile of 53R £

3.3). Postcode and IRSAD information was not available fordaréicipantsThe parents of

88 children (94.6%) reported that English was the only language spoken by the child in the
home whereas the parents of five children (5.4%) reported that a language otlarghsh

was spoken at home. All children had amiifeed phonologicallybasedSSD of unknown

origin.

DevelopmentatharacteristicsReceptive and expressive langudgearing, oromotor,
nonverbal intelligence, aneceptive vocabularwereassessednd chaacteristics are
detailed inAppendix A.The participants demonstrated a mean receptive vocabulary score
based on the Peabody Picture Vocabulary Test — Fourth Edition (Dunn & Dunn, 2007) of
93.9 SD= 14.6) and mean norerbal intelligence 0100.3 SD= 17.3) based on tHe&TONI
(Ehrler & McGhee2008).

Parent reported case history informatiorhe parents were invited to complete a
guestionnaire during stage 2. The parents of 86 (92.5%) children returned questionnaires.
Two (2.4%) children were reported to have a history of hearing difficultiesiaigd. $%)
children had previously failed hearing test. Positive family historiedf speech, language,
literacy or hearing difficulties weréentified: five (6.5%) had mothers, eight (10.5%) had
fathers, 14 (18.4%) had sisters, 12 (16.2%) had brothers, and nine (12.2%) had cousins with a
history of speech, language, literacy or hearifficdlties.

I nstruments
Children’s speech sound productionliskwere assessed using tAeonology subtest
from the Diagnostic Evaluation of Articulation and Rbtogy (DEARPhonology, Dodet

al., 2002). The DEARPhonology contains a total of 50 words; 27 x one-syllable words, 18 x

2Within the IRSAD coding system, postcodes throughout Austradialéocated a decile betweeri@ ©
represent the social and economic context of residents within that pasteceds with a low index score
indicate an area of least advantage whereas areas with a higher index score represénm@stadvantage.
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two-syllable words, four xhreesyllable words, and one x foggdlable word.The DEAR
Phonology allows for phonological assessment of children aged 3;0-6;11 and is used by SLP
to assess childrenfgoduction of consonants, vowels, and use of phonological processes.
The DEARPhonology provides normative data for P@&Cwell as percent vowels correct
(PVC), andpercent phonemes corretHQ.

Children’s productions of polysyllables were measured usiadPolysyllable
Preschool Test (PP, Baker, 2013). The PO®a singk-word picture-naming task that
containsatotal of 30 words: 2& threesyllable words, eight x four-syllable words, and 2 x
five-syllable words. The POP wordlirepresents a variety of weak and sjronset stress
patterns at eachord length. The stimuli fothe POP wergresented via®verpoint™ slides
on a computer screen with or@-two- stimuli pictures per slide.
Procedure

Approval to undertake this study was gained from the Charles\Btiuersity Ethics
in Human Research Committee (approval number 2013/Cthsent was gained from the
parents and assent was gained from the children prior to undertaking the assesjmech
production data, including the DEAP-Phonology and the POP were collected during stage 2
and stage 3 respectively (d8gure 1). Spontaneous production of the target words during
the DEAP andhe POP was encouraged; however, if prompting was required, cues were
provided in the following order: (1) semantic, (2) binary choice, and (3) directionitat
Each assessmedtiring stage 2 and(3ee Appendix Ajvas conducted in a quiet room
within their early childhood centre by one of two speech-language patholédgisessments
at stage 2 wereompleted in 30-45 minutesd assessments at stage 3 were completed in 45
60 minutesAll assessments were completadd scoredgs described in the assessment
manuaj relevant journal articler, in terms of the POP, following training with the author of

the test (Baker, 2013All assessmergessions were recorded on a Panasonic HC-V700 video
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camera with externadlahnel Mk100 uni-directional microphone and speech production tasks
were also recordedgsing Zoom H1 audio recorders.

Online broad phonetic transcription was compldtecill DEAP-Phonology (Dodd et
al., 2002) samples and checked by the assessing dpegciage pathologist at the end of the
assessment sessidrranscription of the POP (Baker, 2013) was completed by the first author
from deidentified audiaecordingsusing Phon v 1.6.2 (Rose et al., 2006). Transcriptions
were checked with the audio recording as many times as necessary using Senbi#Ser H
stereo headphones.
Reliability

Inter- and intra-judge poinby-point relability was completed fahe DEAP-
Phonologywith the two speeclanguage pathologists involved in data collection. Reliability
for the POPwas completetby the firstand third authorsReliability for each measungas
based on a randomly selected 10% sample aett@rded data. Based 8404 data pointsf
the DEARPhonology, intra-judge agreement for broad phonetic transcription was 89.4% and
inter-judge agreement w&8. 0. In cases of mismatchabe decisiorof the speech
language pathologist who completed the initial transcriptiasupheld. Based on 19@fta
points of the POP, intraxdge agreement for bad phonetic transcription was 91.3% and
inter-judge agreement w&¥.3%. In cases of mismatches, the decision of the first author was
upheld. In a study of the sources of variance which may affect reliability in fhone
transcription, Shriberg and Lof (1991) described “acceptable agreement” aqp-8%85).
Data analysis

Aim 1. Analysis @ the DEARPhonology speech samples was undertaiség the
PROPH module of Computerised Profiling v 9.7.0 (Long et al., 200Be DEAP-
Phonology samples were analysed to identify PCC, PVC, andFRCfor the DEAP

samples was manually calculated based on PCC and PVC raw scores. A review of al
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PROPH-+output files did not highlight amnyords thatvere not analysed due to errams i
processing. Manual PCC, Pvéand PPC calculatianof the POP (Baker, 201®re
completedusing consistent scoring rulesthose used withirhe PROPH+ software where
any ploneme omission, deletion, substitution or distortion was recorded as incorrect. The
number of correct consonants, vowelsd total phonemes were then calculated as a
percentage of the target phonemes in the sanpie.participantsPCC, PVC, andPPCas
measured using the DEAPhonology and theOP samples werntered in to SPSS version
21.0 (IBM, 2012) Descriptive statistics and frequency distributions for all variables were
extracted.

Aim 2.Analyses of children’s polysyllable productions on #@P(Baker, 2013)
were completed manually by the first author using the WAP (Masso, 2016a; see
Supplementary Appendix AT.he WAPIs anitem-based analysi®ol designto capture
categories and sutategories or erran children’s productions of polysyllaldeThe error
categories were based on the frequelagntified polysyllable errors present in the speech
production of children with typically developing speech and language (James, 2006) and
consideration of speech errors present in children with SSD of unknown origin (i.e.
substitutionerrors and distortion errors).

The main categories and soategories on the WAP are as follow4) Substitution
of consonants or vowelgicluding number of consonants and vowels substit{gey
calculator /kalkjalerta/ — [ 'taetolerta] was coded as 2 instances of consonant substitution),
(2) Deletion ofsyllables,consonants or vowels: includitige presenceand number of
occurrencesof syllable,vowel and consonant deletion in each word position (e.g.riytte
["bataflar/ — ['baflar] was coded as 1 instance of within word syllable initial consonant
deletion and 1 instance of within word vowel deletion. The deletion of the syllable was also

coded a 1 instance of within wonkaksyllable deletioh (3) Distortion of consonants or
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vowels: including number of vowethstorted (inclaing vowels of excessive lengtand
consonants distortgghcluding misarticulations such as lateralisati@). tyrannosaurus
/ta'1@enasoras/ — [to'1eenatoiiol] was coded as 2 itences of consonant distortiori4)
Addition of consonants or vowels: including number of consonants and vowels added to the
target word (e.gechidna /2 'kidna/ — [ka'kidna] was coded as 1 instance of consonant
addition), (5) Alteration of phonotactics: includirgjterations tavord length (number of
syllables)and shape (total phonemes preséng.helicopter /hela kopta/ — [ 'hak.ta] was
coded as 5 of 9 phonemes pre}g(i) Alteration of timing: includingnaccuracy of stress,
weak and strong- ons@baccuracy, anodr presence of syllable segregati@ng.butterfly
/"bataflar/ — ['ba. tA. flar] was coded as incorrect stress and syllable segregatiof)e
definition of syllable segregation was consistent with that used by MurrayalbécCEleard,
and Ballard (2015). That is, syllable segregation was noted when there weredbletigaps
between syllables” (p. 47{(7) Assimilationand/or éeration of sequencéncluded the
presence of assimilation andadteration of segments within the target wdedg.
tyrannosaurus /to'1eenasoras/ — [ 'tenaresoros] wascodedas 1 instance ddlteration of
sequence

Initial WAP analysis involvedhe binary identification of all seven main categories
as being present or absémt each word ofthe target word listThosewho demonstratedo
presence of thenaincategory were defined asving “no use”, presence on 1-11 words as
“less commohuse, and presence on 12 or more words (40% of total words produced; cf.
Hodson, 2006as ‘common” useThis relatively highcriterion of 40%wasin keeping with
Hodson and Paden (1991) and was used to meet the need for a criterion that identified and
separated errors that were common from errors that were less common. Ndite, that
presence of differedVAP categories of errowverenot mutually exclusive.

RESULT



RUNNING HEAD: Polysyllable productianin preschool childrewith SSD 18

All 93 participants completed the DEAFhonology (Dodd et al., 2002): 92 produced
all 50 words and 1 child produced 49 words. Therefore a total of 4649 tokens from the
DEAP-Phonology were analysed. The 93 participants were required to produce 30
polysyllables from the POP (Baker, 2013) and while 70 produced all 30 words, 13 produced
29 words, and 10 produced between 25-28 words. Therefore a total of 2749 tokens from the
POP were analysed.

Per centage of consonants, vowels, and total phonemes cor r ect

The first aimwas to determine whether there was a significant difference between
PCC PVC, andPPCbetween aoutinemeasure of speech production and a nreasi
polysyllable productionThe PCCs across tiEAP and the POP ranged from 29.1- 86.5 and
28.1-85.9 respectively. A similar pattern was observed based on the PVC across the DEA
and the POPrénge =67.9-100; 61.8-99.0) and the PPC across the DEAP and ther&je (
=47.3-90.9; 43.9-88.7). Wilcoxaignedrank tess wereconducted taetermine whether
there was a significant difference betw&¥nC, PVC and PPC based ¢ine two speech
production assessment tasks. Wilcoxon sigraedt-tests were selected because the PCC,
PVC, and PPC from the DEAP-Phonology was notrradly distributed, with PCC skewness
of -0.97 SE= 0.25) and kurtosis of 0.98E= 0.50), PVC skewness of -1.23K= 0.25) and
kurtosis of 1.88%E= 0.50), and PPC skewness of -1.8&¢€ 0.25) and kurtosis of 1.2BE=
0.50). The results of the Wilcoxon signed-rank testpresented in Table |. Table
demonstrates that there was no significant difference between22€0.28,p =0.78 and
PPC,Z=-1.70,p= 0.09. However, atatisticallysignificant differencen PVCwas identified
between the two speech production taZks-7.39,p<0.00. The participants demonstrated
lower vowel accuracy on the P@Bmpared to the DEAP-Phonology.

Insert Tablel here

Analysis of seven categories of polysyllableerror
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The second aim was to categorise polysyllable errors made by children with
phonologically-based SSD and describe children’s polysyllable maturity cangitleese
errors.The participantsproductions of 30 words from tHOP (Baker, 2013) wreanalysed
usingthe WAP Masso, 206a) to identify the presence of seven categories of error. The
occurrence of each error categasutlined inTablell and was measured as present or not
present in each word. Timostcommonlyoccurringerrorcategory across tH0 words was
substitutions 1= 20.19,SD= 4.06). In order, the next most commoabcurring error
categories weralteration of phonotacticd= 16.33,SD= 5.33), deletionsd= 15.18,SD=
5.58),alterationof timing (M= 13.26,SD = 5.29),assimilationand/oralterationof sequence
(M= 3.73,SD= 2.29), additionsN|= 1.97,SD= 1.5), and distortiong= 0.83,SD= 1.38).
Within the analysis structure of the WAP, each word was analysed based oestrecpror
absence of the main category dhdn,the occurrence agfach subcategory for any present
main category

Insert Tablel here
Category 1: Substitution of consonants or vowels (SUB)

Main category analysisSubstitution of consonants or vowels was a frequent pattern
across the participants, with 91/93 (Z&)3Participantsddemonstrating common usetbis
pattern The mean occurrence of the substitution of consonants or vagvelss the
participants’ productions of 30 words was 20.3® € 4.06, range 10-28). The top two
wordsthat most frequently included the substitution of consonants or vavests
tyrannosaurusandthermomete(see Tabldl).

Subcategory analyseSubstitution of consonants or vowelasfurtheranalysedn
two different ways by considering the number of consonant substitutions (mean = 25.8) and
vowel substitutions (mean = 9.46).

Category 2: Deletion of syllables, consonants or vowels (DEL)
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Main category analysidDeletionof syllables,consonants or vowelsas a frequent
pattern across the participants, with 61/93 (85.8emonstrating common usetbfs pattern
Deletionof syllables,consonants or vowelsas initially measured as a binary variable
(present or not present in each word). The mean occurrencedai¢tienof syllables,
consonantsr vowels across the participants’ productions of 30 words was 1518 5.58,
range =5-28). The top two wordshatmost frequently included the deletionsyllables,
consonants or vowels wermputerandbarbequesee Tabldl).

Subcategory analyseBeletionof syllables,consonantsr vowelswasfurther
analysed ir20 different ways by considering the number and tfsyllables deleted (six
subcategories), consonadideted (six subcategorieand vowelsleletedeight
subcategories) (sdable Ill). Consonants were deleted more frequently than vowels with
syllable msition and stress playing a role in the frequency of deletion.filahweak
syllables were most frequently deleted. This was reflected in the freqoewoyd-initial
(mean = 2.43) and within word (mean = 2.15) weak sylldbletion as well as worthitial
(mean = 3.27) and within word (mean = 2.84) weak vowel delet@yilableinitial
consonants of weak syllables were the most frequently deleted consonants @riEan =

Category 3: Distortion of consonants or vowels (DIST)

Main category analysidDistortion of consonants or vowels was ainaquent pattern
across the participants, wittone of the participants demonstratamgnmonuse ofthis
pattern The mean occurrence of the distortion of consonants or vawelss the
participants’ productions of 30 words was 0.8®€E1.38 range =0-7). The top two words
thatmost frequently included the distortion of consonants or vowels weata andanimals
(seeTable II).

Subcategory analyseBistortion of consonants or vowelsasfurtheranalysed inwo
different ways byconsidering the number of distortions of vow@hore frequentand

consonantgless frequent) specifically (sé@able III).
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Category 4: Addition of consonants or vowels (ADD)

Main category analysisAddition of consonants or vowelgas an ifrequent pattern
across the participants, wittone of the participants demonstratamnmonuse ofthis
patten. Addition of consonants or vowelss initially measured as a binary variable (present
or not present in each word). The mean occurrence of the addition of consonants or vowels
across the participants’ productions of 30 words was BEB#~(1.57 range =0-8). The top
two words which most frequently included the addition of consonants or vowels were:
hippopotamusndspaghett{see Tale II).

Subcategory analyseAddition of consonants or vowelgasfurtheranalysed in two
different ways byspecificallyconsidering the number of consonants addeate frequent)
and the number of vowels addgelss frequentjseeTable I1I).

InsertTable Il here

Category 5: Alteration of phonotactics (AP)

Main category analysisAlteration of phonotacticwas afrequent pattern across the
participants, withv2/93 (77.40) demonstratingommonuseof this patternAlteration of
phonotacticsvas initially measured as a binary variable (present or not present in each word)
The mean occurrence of thiteration of phonotactics across the participants’ productions of
30 words was 16.330= 5.33 range =5-28). The top two wordshatmost freqiently
included the alteration of phonotactics wek@ngarooandcaterpillar (seeTable II).

Subcategory analyseAlteration of phonotactics wdartheranalysed in two ways by
considering the length and shape of the wordsTaéte IIl). Overall, children’s word shape
was less accurate tharord length.

Category 6: Alteration of timing (AT)

Main category analysisilteration of timing was a frequent pattern across the
participants, with 59/983.4%) demonstratingommon usef this pattern. Alteration of

timing was initially measured as a binary variable (present or not prasesth word). The
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mean occurrence of the alteration of timing across the participants’ pooduct 30 words
was 13.26 $D= 5.29, range = 1-23J.hetop two words that most frequently included the
alteration of timing werehippopotamusndcomputer(seeTable I).

Subcategory analysealteration oftiming wasfurtheranalysed in four ways by
considering the stresscuracyweak onset accuracgtrong onset accuracy, asglable
segrgation of the words (sekable 1ll). Overall, children produced stress incorreatiyre
frequentlyon weakonset syllables (mean = 4.97) compared to starggt syllables (mean
=2.54).

Category 7: Assimilation and/or alteration of sequence (ASEQ)

Main category analysigAssimilationandbr ateration of sequence waa afrequent
pattern across the participants, with none of the particip@m®nstratingommon use of
this patternAssimilationandbr dteration of sequence was measured as a binary variable
(present or not present in each word). The mean occurreassimiilationandbr alteration
of sequence across the participants’ productions of 30 words wasSB#3(29 range =0-
10). The top two wordshatmost frequently included i categorywere:hippopotamusnd
vegetablegseeTable II).

Subcategory analysi$he category of assimilation and/or alteration of sequence
(ASEQ) wadfurther analysed in two ways by consideringphesence of assimilation and the
presence of an alteration of the sequence of segments within the wordlgt=dl). Both
subcategories were negsented occasionally widssimilationpresent more frequently (mean
= 2.12) than alteration of sequence (mean = q&&Table IlI).

The Framework of Polysyllable Maturity

The Framework of PolysylldMaturity (Masso, 2016jseeTable V) describes five
levels ofpolysyllable matuty for the childrenn this sampleSubstitutions were not included
as arelement of the Framework due to the high prevalence of substitution errors ta@ong

participantsand the need for a parsimonious scaffold to describe polysyllable maturity in
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children with phonologically-based SSD. The inclusion of substituasrescompnent did
not add meaningful variance to the levatall the children at each level demonstrate
frequent substitution errors. The Framework accounts for all childrer9() who
demonstrated a high frequency of substitution ertbeg {(s,commonuse & substitution3.
The Frameworklocumentdgive levels of polysyllable maturity based on the presence and/or
absence ofite remaining thremost frequent error categasidemonstrated by children with
phonologicallybased SSDdeletions (with specific intest in the divide between the
presence of vowel deletion and consonant delgtadterationof phonotactics, and alteration
of timing. Within the Framework, children were deemed to demonstrate that a category was
present when they demonstrated commseof that category. That is, they demonstrated the
use of the category on at least 40% of the sampled wagdsls were determined based on
previous evidence exploring phonotaaitd stress accuracy during the typical development
of polysyllables (James, 2006n Level A 17/91 (18.7%) children presented with frequent
deletion, phonotacti@gnd timingerrors In Level B,37/91 (40.7%) children demonstrated
phonotactiand timingerrors In Level C17/91 (18.7%) children demonstrated phonotactic
errors and fewer timing errar§he ive (5.5%) children in Level D presented with more
accurate phonotactics but ongoing alteratiortsnahg. In Level E,15 (16.5%)children did
not denonstrate deletigrphonotactic or timing errors and only demonstrated substitution
errors Thus, 71/91 (78.0%) children who presented with common substitution errors also
presented with frequent errors in phonotactic structure.
Insert Table IV here
DISCUSSION

This study aimed to explore the polysyllable productions of preschool children with

phonologically-based SSD of unknown origin through a comparison of speech accuracy on a

routine measure of speech production (DEAP; Dodd & Dodd, 2002) andsyltedtye task
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(POP; Baker, 2013) as well as a comprehensive analysis of the categones jpfesent in
children’s speecltResults from thistudy indicate that the use of PCC alone as a measure of
speech accuragparticularlywhen based on a routinpeech sampling task with few
polysyllables, may mask qualitative differences between children in @bgeteous sample
of children with phonologically-based SSD of unknown origin. The results will be destus
in the following sections with regard to each of the research aims and within thetadnt
the broadeliterature.
Consonant, vowel and total phoneme accuracy

The analysis presented in tisisidy highlights that children have lower vowaeturacy
when saying polysyllables compared to a routine speech sampling task whichsfeude
polysyllables. This findinguggests thatowel accuracy may be underestimateldenusing
picture naming tasks that predominantly consist of mono- and disyllables. Thus)dimg fi
demonstratethe contribution of polysyllable sampling tasks to tax children’s phonological
system, particularly for vowels, beyond what is possible based on repgeelsampling
tasks. Tlerefore polysyllables could be consideredessential component of any assessment
battery to explore the range of possible phonological errors in preschool chiltie®SA.
This confirms and extends the work of previous authors who have advocated for the use of
polysyllables in assessment (Baker & Munro, 2011; Gozzard et al., 2006; James, 2@86; Jam
et al., 2008, Kehoe & Steol-Gammon, 1997; Mason et al., 2015; Young, 1991). In addition to
the importance of sampling polysyllables, the results also highlight the impoafance
polysyllable measures moving beyond PCC, PVC, and PPC alone to account for qualitative
differencein children with SSD.

Children’s PCC was not significantly different between the DEAP-Phonologgd Bt
al., 2002) and the POP (Baker, 2013) in this study. A lack of significance is surprising,

particuarly because previous reports suggdshat polysyllables are more prone to error
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than mono- and dsyllables (James, 26) Thus, based on these PCC or PPC data alone, we
run the risk of concluding that there is no significant advantage in completing a @diesyll
sampling task with children who have SSD. However, the significant difference in vowel
accuracy between the DEAFhonology and the POP demonstrates the value of polysyllable
sampling withchildren who hav&SD of unknown origin.

It is widely agreed that children’s paradigmapi®duction of vowels (that is, vowels
produced in isolation) is achieved by approximately 3 years of age (Allen & HawE80;
Smit, Hand, Freilinger, Bernthal, & Bird, 199@/hereas, children’s syntagmatic
productions (that is, vowels produced in context) continue to develop beyond the preschool
years particularly in norfinal weak syllables (Jamet al., 2008; James et al., 20.IBhe
prominent vowel errors demonstrated by our sample of children were to those vothiel
nonfinal weak syllablesThis highlights the need for polysyllables to be sampled in
assessment to allow for an adequate number of opportunities for children to produce, or
attempt, non-final weak syllables. Kirk and Vigeland (2015) suggested thanimum of
four opportunities for each error pattern should be sampled when assessing the phbnologica
capabilities of children. Through polysyllable sampling, there are an iecreasnber of
possible occurrences of non-final weak vowel and/or tgtilde deletion, as well as
atypical structural errorg(g.deletion of stressed vowels).

Seven categoriesof error are present in the polysyllable productions of preschool
children with SSD of unknown origin

In this study we demonstrated comprehensive method of analysis of children’s
productions of polysyllables (using tiiéAP; Masso, 2016ahat was developed after
consideration of categories of error identified in children with typically devejogpeech
and languagélames, 2006) in addition to two categories of error (distortions and

substitutions) which frequently occur in the speech of children with SSD (van Riper, 1939).
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In the following sections, the errors made by children in the POP will be destcumserder of
frequency. Ewrs are discussed in termstbé observations of this analyses compared with
previous literature basedn children’sspeech accuracy amthgoing considerations regarding
how each category may reflect the specification of children’s undeningological
representations

Using the WAP, the most frequent category of polysyllable error present withi
sample of children was substitution of consonani®wels. This is not surprising due to the
frequency of substitution errors in typically developing preschikdren Oodd, Holm, Hua
& Crosbie, 2003; Hodson & Paden, 198amest al, 2016) and children with SSD
(McLeod, Harrison, McAllister, & McCormack, 2013; Shriberg et al., 2010) asasdhe
number of systemic phonologigadocesses thaiffect segmental accuraog.g. fronting and
stopping). The high frequency of substitution errors in this sample does further highdight
children with phonologically-based SSDs are likely to have poor underlying phoradlogic
representations of polysyllables which is supported by the previous observationbarfyAnt
and colleagues (2011). The high frequency of this category highlights the importance of
ongoing consideration for the substitution errors demonstrated in children’s sphettemw
speech is sampled in mono-, di-polysyllables.

The second mostequentcategory present within this sample was alteration of
phonotactics (i.e. addition or deletion of singleton consonants, consonant clusters or vowels).
This work extends previous research by Mason et al. (2015) abqttdhetactic accuracy
on a sample of polysyllables produced by children with SSD. The high frequency of this
category reflects the significant number of deletion errors demonstratad bhildren in
this sampleand thus, may also be a measure of the accuracy/inaccuracy of children’
phonological representations due to deletions. Shriberg et al. (2005) theorised tlwat delet

errors may be indicative of weak or missing phonological representatioh fiar et
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consonant. The use of a phonotactic measure of polysyllables may be useful to monitor
overall improvement in word length and shape, in addition to the reduction of deletion errors
following intervention The frequency of this category of error highlights the importance of
word-level analysis for children with SSD (e.g. usihg WAP, Masso, 2016a, or the method
of polysyllable measurement grounded in non-linear phonological theory presemtieddry
et al, 2015) in addition to analyses based on phonological prexess

The third most frequent error category demonstrat@sithe deletionf syllables,
consonants or vowel¥he currentresearch quantifies the high frequency of polysyllable
deletion errors in children with SSD of unknown origin (65.6% of all childemonstrating
common use). This high rate of deletion errors is consistent with previoushessaorting
deletion frequency of preschool-aged children with SSD (e.g. Rvachew et al.,807).
mentioned previously, children’s deletionsyflables,consonants or vowels in polysyllables
may imply poorly specified underlying representations (Anthony et al., 2011). Thus, the
children in this sample who demonstrated deletions, particulavifnole syllables, may have
more poorly specified stored representations than those who did not demonstrate deletions
These datalso support the notion that children’s phonological system may be more taxed
during the production of polysyllables and may manifest as a larger number ardetet
substitution errors in children with poorer phonological representafibns, children who
present with fewer polysyllable errors, particularly fewer final weak syllable deletions,
have more mature polysyllable productions than those children with frequefbhaloweak
syllable deletions. These data lay the foundation for further exploratitve ofiaturity of
children’s polysyllable productions and the possible relationship between polysyllabl
maturity, phonological processing and emergent literacy skills

Alteration of timing was the fourth mogtequenterror categorynd implies the ongoing

challenges that children with SSD face achieving stress accuracy in pihsylUntil now,
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very little was known about the accuracy of stress within the polysyllable piaasiof
preschool children with SSD. Interestingly, the sample presented in this stundpgtated

more prominent stress inaccuracy than the clinical population of younger ohililheSSD
(mean age 08;10 years) reported by Vick and colleagues (2014). The sample of younger
children demonstrated stress inaccurac®5% on a sample of five repetitionssot

disyllabic words. The stress inaccuracy reported by Vick €Rall4 represents markedly

less stress inaccuracy than #te2% demonstrated by this sample although this discrepancy
is likely due to the increased stress complexity of polysyllables ovdlatieg and the

larger speech sampling task used in the current shoidyestingly, tildren with typically
developing speech and language who demonstrate phonotactic accura¢gs measured

by fewer cosonant and vowel deletionslay temporarily achieve reduced stress accuracy as
their polysyllable productions mature (James, 2006; James et al., 2008).

The threeothererror categoriethatwere identified within the POP speech samples
occurred infrequently: addition of consonants or vowels, distortion of consonants or vowels,
andassimilation and/oalteration of sequence. The infreqtienless commonccurrencef
vowel and consonant additions (eegenthesis) and alterations in seqce €.g.metathesis)
are in line with previously reported infrequency of these error patternsldnezhwith
typically developing speech and languadanie<t al, 2016; James, 2006; McLeod, van
Doorn & Reed, 2001) and children with SSD (McLeod, van Doorn & Reed, 1997). Similarly,
the infrequent demonstration of distortion of consonants or vowels was also unsurprising as
distortions arenore characteristic afhildren with articulatiorbased SSD (Shriberg et al.,
2010).

The Framework of Polysyllable Maturity highlights qualitative differencein children

with SSD
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Substitution errors featured prominently in the polysyllable productibokildren
with phonologically-base&SD Ninety-one of the 93 (97.8%) children in this sample
presented with frequent substitution errors. The Framewatlé 1V) was developed to
describeinterpret, and classify the polysyllable productionthese childrenThe
Frameworkhighlights the qualitative differenséhat exist within a sample of children with
phondogically-basedSSDwhen polysyllablenaturityis consideredbased ordeletion errors,
alterations of phonotacticand alterations of timingsubstitutiorerrors can masé&nalysis
and clinical judgement about children’s polysyllables when considering broader phoalolog
developmentClinically, comprehensive worlkvel analysis of polysyllables may assist with
ongoing monitoring of polysyllable maturity and generalisation of intervetéi@ets across
to nontreatment linguistic elements.

Polysyllabe acquisition described by James (2006), and James and colleagues (2008),
accounted for changes to the frequency of deletion errors, alterations ofguhtiespaind
alterations of timing, but didot explicitly account for substitution errors (beyondséo
expected in typical development and those which demonstrate the preservation of
phonotactics). Thus, the Framewadn be used to classipplysyllable accuracy observed in
children with typicallydeveloping speech and language (James, 2006; Jameg2808)as
well as for children with SSD

When considering the children in this study, a large proportion of children described
within the Framework (71/91 children; 78.0%) demonstrated common errors in phonotactic
structure. This high frequency of phaactics errors highlights the widgpread inadequacy
in the polysyllable productions of children with SSD and the possible insight that
polysyllables may provide in understanding children’s phonological represent&aons
examplethat children in LeveA, who demonstratthe least mature realisation of

polysyllables (in addition to frequent substitutions), may have pmody specified
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phonological representations than thoeggresenteth the later levels of polysyllable
maturity. Thus, if stored phonological representations form part of the foundations for
children’s phonological awareness and emergent literacy development,hieésanavith
the poorest specified polysyllables (those in Level A) may be at most riskeofjent
literacy difficulties. Thisdearequires more investigation and evidence-based support.
Futureresearch

Based on this preliminary work, further research using the WAP and the Framewor
is indicated to determine whether children’s polysyllable maturity atsy be linked to long-
term speech prognosis, severity of disorder, response to treatment or cansislévat
treatment planningviore work is required before polysyllables could be used as a primary
diagnostic tool for preschool children with suspected SSD. The recent findingsesf daah.
(2016) suggest that children with typically developing speech and languagat pvitse
frequent cluster reduction and substitution errorsf(i@tive simplification) within
polysyllables up until at least tlage of seven years old. Thus, in preschool, children with
typically developing speech and language also demonstrate high frequency of errors when
saying polysyllables (James et al., 2016). The findings of the current intiestigave the
way for future esearch regardintpe diagnostic value of polysyllable sampling and analysis
in identifying preschool children with poor polysyllable maturity and those who maydse
atrisk of future literacy difficultiesFurther research shoutkamine the clinicalnofiles of
preschool childremvith respect to their level of polysyllable maturity and emergent literacy
abilitiesin preschoobs well aghildren’s literacy acquisitionuding the school yeart light
of previous researcle (g.Preston et al., 2013; Rvachew et al., 2007), future research should
also consider children’s atypical speech errors when exploring links betwesyliadle
accuracy and literacy developmenhe data analysed using the WAP (Masso, 2D\6a

only based on one singleerd assesaent task at one point in time. It malgo be valuable
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to complete the WAP on children’s polysyllable samples across a number of timgtpoint
explore the development of polysyllable accuracy and maturity in preschhuveohwvith
SSDand later development when children reach school age. It would also be valuable to
compare children’s abilities to produce polysyllables in simgled versus connected speech
contexts and changes in their polysyllable accuracy between sampling spovexiime.
Limitations

There are three primary limitations to this study. First, nertize children in our
sampleperformed poorly on the oromuscular function taghkghty-eight (96.7%) participants
demonstrated oromotor function outside the typical range based on the protocol degcribed b
Robbins and Klee (1987). This poor performance is likely due to tloedinated speech
movement component of the test (including the repetition of real words) that accaunted f
most of the variance in the originapated sample (Robbins & Klee, 1987) and targets
speech production accuracy. Children with delayed phonological development, antegdrese
in our sample, perform poorly on singherd repetition tasks and this is reflected in their
oromuscular function scores. Future studies should consider the bias of the Robbins and Klee
(1987) protocol for children with phonologically-based difficulties in the absence of motor
planning or motor control difficulties.

A furtherlimitation of the current method of analysis is the implementation of a
consistent criterion for the presence of eaginerror category. In this case, a threshold of
40% was selected to indicate when children demonstiiagedmmon usef an error (or
category of error). This consistent criterjaused across all categories regardless of expected
frequency of errors, may reduce the sensitivity of the WAP to identify ehidho
demonstrate certain types of I[dvequency errorse(g.metathesis

Thepolysyllable sampling task (POP; Baker, 2013), and analysis method (WAP;

Masso, 2016a), have not been tested in any other contexts to date. The ydlalpelys
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sampling tasks with mom@bust item selection.é.reaching a threshold item discrimination
score as described by James, 2001) and testgédnt validity may produce varying results to
those presented here. Similarly, without a normative sample of the POP, ficidtdib
determine the threshold at which errors present on this test may indicatdlglmieaningful
data.Finally, the, deletion errors (Category 2, Deletion of syllables, consonants or vowels),
addition errorsCategory 4 Addition of consonants or vowelahdphonotactic errors
(Category 5, Alteration of phonotactiag)currencesire not mutually exclusive. That is,
through thedeletion of syllablesind/or the addition or deletion of consonants and vowels,
children change the phonotactic structure of polysyllatiegs reasoned thatentification
of all three categoriesould be helpful in discerning whether individeildrendemonstrate
poor phonotactic structure in general,ibthey have more specific issuesolving addition
or deletion Further researcivould be needetb determinef and/or how each of these three
measures offannique insights into children’s productions of polysyllables.
Conclusion

The current researdtasclinical implications forthe routine assessment and analysis
of the speech production abilities of preschool children with SSD of unknown driggse
data highlight the usefulness of polysyllables when assessing childnre8SDto gain a
broader understanding of children’s speech production accuracy in different speegkscont
Through comprehensive polysyllable analysighildren’s polysyllable errors (e.g. using the
WAP), greagr insight intathe maturity ofchildren’s phonological systems beyond segmental
accuracy can be gained and interpreted using the Framework.

Different methods of sampling amathalysingspeech production result in different
conclusions about the severitlyahmildren’s speech difficultieandthe importance of
different types of errors within children’s speech. This study confirmgetteenmendations

of previous authors that polysyllables be included in assessments of childretls,spe
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becauseheyare clinicallyvaluableto tax children’s phonological systems.ddsures of
PCC,PVC, and PPC alone may mask broader phonological differdretegernpreschool
childrenwith SSD Furthergreater insight intahildren’spolysyllable errors and level of

polysyllable maturity can be gained through more in-dgp#litativeanalysis of error types.
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Appendix A. (haracteristics of the children based on developmental assesgme®(3)

Aspect of Assessment task Subscale Stage Mean (SD) Range WNL Not WNL Valid
communication n (%) n (%) data
Expressive and Prestool Language Scales Language totalawscore(outofa  S2 2.8 (1.6) 0-6 357(38.5%) 56 (61.5%) 91
Receptive Language Screening teqPLS5; possible 6)
Zimmerman eal., 2013)
Receptive Vocabulary Peabody Picture Vocabulary Tes Form A-standard scorgossible  S3 93.9(14.6) 45123 88 (94.6%) 5 (5.4%) 93
—fourth edition(PPVT, Dunn &  standard score between-260)
Dunn, 2007)
Hearing Puretoneaudiometry (1.5, 1, 2, S23 - - 91 (97.8%) 2 (2.2%) 93
4kHz at 40dB)
Oromotor skills Rohhins & Klee (1987) Structure (out of a total possible  S2 22.3(1.9) 1324 74(81.3%) 17 (18.7%) 91
of 24)
Function S2 91.7 (11.0) 29110 3 (3.3%) 88 (96.7%) 91
(out of a total possible of 1)2
Nonverbal Primary Test of Nonveidd Nonverbal indeXpossible S2  100.3(17.3) 70-146 93 0 (0.0%) 93
intelligence Intelligence (PTONI, EHer & standard score between-489) (100.0%)

McGhee, 2008)

Note. S2 = Stage 2 of ti&ound Start Studys3 = Stage 3 of thBound Start StugyWNL = Within normal limits *Achieved the pass criteria for agéotal raw score of 4 or
more (4yearolds) or 5 or more (yearolds),” Achieved a standard score of 70 or above (within 2 SD of mean)
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Table 1
Percentage o€onsonants, Mvels and Phonemeotal) Correcton Two Speech Assessme(nts: 93) and results of the Wilcoxon

signedrank test.

Measure DEAP POP Z Sig. (2tailed)
Mean Median Range Mean Median Range

Percentage of consonants correc 64.8 66.2 29.1-86.5 64.6 64.1 28.1-85.9 -0.28 0.78

(PCC)

Percentage of vowels correct 91.1 92.4 67.9-100 829 83.8 61.8-99.0 -7.39 0.00*

(PVC)

Percentage of phonemes correct 74.2 75.0 47.3-90.9 727 73.5 43.9-88.7 -1.70 0.09

(PPC)

Note.DEAP = Diagnostic Evaluation of Articulation and Phonology — Phonology subtedt (& al., 2002); POP PolysyllablePreschool Test
(Baker, 2013)* significantp<.001
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Table Il

Mean Number oWords Displayingn Error Per Category(n = 93), and the Number of Participants Showthg Presencef Each
Error Category on the Polysyllable Preschool Test.

sequence

Category 'V'(ej‘?‘” ““mbe"f words Number of children showing the presenceath Top 2 words
isplaying an error
_ error category affected
(max. words = 30)
Mean SD Range No use (%) Less common Commonuse
use 111 (%Y 12(%Yf
Substitution of 20.19 4.06 10-28 0 (0.0%) 2 (2.2%) 91 (97.8%) tyrannosaurus,
consonants or thermometer
vowels
Deletion of 15.18 5.58 5-28 2 (2.2%) 22 (23.7%) 61 (65.6%) computer,
consonants or barbeque
vowels
Distortion of 0.83 1.38 0-7 53 (57.0%) 40 (43.0%) 0 (0.0%) koala, animals
consonants or
vowels
Addition of 1.97 1.57 0-8 80 (86.0%) 13 (14.0%) 0 (0.0%) hippopotamus,
consonants or spaghetti
vowels
Alteration of 16.33 5.33 5-28 0 (0.0%) 15 (16.1%) 72 (77.4%) kangaroo,
phonotactics caterpillar
Alteration of timin¢ 13.26 5.29 1-23 0 (0.0%) 31 (33.3%) 59 (63.4%) hippopotamus,
computer

Assimilationandbr 3.73 2.29 0-10 3 (3.2%) 90 (96.8%) 0 (0.0%) hippopotamus,
ateration of vegetables

Note.?The number of participants (and percentage of total) who demonstrated the no use of tagegwoy” The number of
participants (and percentage of total) vammnonstratetess commonmise of theerror categorypresencen 111 words, © The
number of participants who demonstratetnmonuse ofthe error category (presenae at least 12 wordat least 49 of words)
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Mean Czcurrence SD and Rang®f Errors on thePolysyllable Preschool Te&ir EachWAPSubcategorgacross All Rirticipants (N = 93), the Number
of Participants Demonstratintpe Eror At Least One and the Top Two Words Affected.

Main category and subcategory g??t?rrence SD Range cl\)/lpa;;((l)rr?:jrr]ri]tieé Participant®  Top 2 words affected

1. Substitution of consonants or vowels (SUB)
a) Substitution of consonant/s 25.8 899 854 128 93 (100%) spaghetti, tyrannosaurus
b) Substitution of vowel/s 9.46 450 0-20 102 92 (98.9%)  calculator, cauliflower

2. Déletion of syllables, consonantsor vowels (DEL)
Total syllable deletion
a) Word-initial stressed syllablés 0.29 0.56 0-2 18 22 (23.7%) avocado, escalator
b) Word-initial weak syllables 2.43 257 011 12 67 (72.0%) thermometer, ippopotamus
c) Within word stressedyllables 0.18 0.49 0-3 21 14 (15.1%) thermometertyrannosaurus
d) Within word weak syllablés 2.15 250 011 21 61 (65.6%)  hippopotamus, animals
e) Word-final stressedyllable$ 0.04 0.20 0-1 13 4 (4.3%) spaghetti, potato
f) Wordfinal weak syllables 0.27 0.59 0-3 17 19 (20.4%) thermometer, cauliflower
Consonant deletion
g) Presence of consonant delefion 14.2 554 4-28 30 93 (100%) computer, calculator
h) Total number of consonants deleted 18.8 850 541 128 93 (100%) computer, calculator
i) Syllable-initial consonant/s of stressed syllables 4.18 246 013 52 90 (96.8%) barbeque, computer
j) Syllable-initial consonant/s of weak syllabfes 9.12 520 2-26 47 93 (100%) calculator, ambulance
k) Syllable-final consonant/s of stressed syllables 3.61 1.89 0-8 15 92 (98.9%)  vegetables, calculator
) Syllable-final consonants of weak syllabfes 2.08 1.60 0-8 12 81 (87.1%) computer, elephant
Vowel deletion
m) Presence of deletion of vow@ls 6.69 519 0-20 30 91 (97.8%) tyrannosaurus, thermomete
n) Total number of vowels deleted 7.24 570 0-22 102 91 (97.8%) tyrannosaurus, thermomete
0) Word-initial stressed voweél 0.38 0.67 0-3 18 27 (29.0%) avocado, hippopotamus
p) Word-initial weak vowef 3.27 285 011 12 78 (83.9%) tyrannosaurus, thermomete
q) Within word stressed vowef/s 0.24 0.56 0-3 21 17 (18.3%) tyrannosaurus, thermomete
r)  Within word weak vowel/s 2.84 296 0-12 21 73 (78.5%) animals, hippopotamus
s) Word-final stressed vowel 0.09 0.28 0-1 13 8 (8.6%) koala, barbeque
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t) Word-final weak vowel 0.43 0.68 0-3 17 32 (34.3%) cauliflower, thermometer
Distortion of consonants or vowels (DIST)
a) Distortion of consonants 0.22 0.76 05 128 9 (9.7%) echidna, ambulance
b) Distortion of vowels 0.66 1.14 0-6 102 35 (37.6%) koala, barbeque
. Addition of consonants or vowels (ADD)
a) Addition of consonants 1.7 1.50 0-7 - 71 (76.3%)  spaghettiechidna
b) Addition of vowels 0.7 1.0 0-4 - 42 (45.2%)  echidna, thermometer
. Alteration of phonotactics (AP)
a) Length incorrect 7.88 564 0-22 102 91 (97.8%) medicine, tyrannosaurus
b) Shape incorrect 25.8 13.7 6-60 230 93 (100%) calculator, ambulance
. Alteration of timing(AT)
a) Stress incorrect 12.2 514 1-23 30 93 (100%) thermometer, echidna
b) Weak onset incorrett 4.97 279 111 12 91 (97.8%) tyrannosaurus, echidna
c) Strong onset incorrett 2.54 201 0-8 18 84 (90.3%) calculator,butterfly
d) Syllable segregation 3.75 3.07 0-13 30 83 (89.2%) calculator, hippopotamus
7. Assimilation and/or Alteration of sequence (ASEQ)
a) Assimilation 2.12 198 0-11 30 77 (82.8%)  hippopotamus, vegetables
b) Alteration ofsequence 0.86 1.11 04 30 43 (16.1%) spaghetti, escalator

Note.®*Maximum rumber of possibleccurrencesf each categorgexcept ADD)based on the POP word |ighere was no maximum number of opportunities for the main category of
‘addition of consonants or vowels (ADDjNumber of participants demonstrating the pattern on at least one o¢€ahisivariable was only present for words which included this
linguistic elementhence the lower number opportunitiesfor this error type‘in the main category of ‘deletion of syllables, consonants or vowé&ls)(Ronsonant/vowel deletion

was identified as both present or absent per word, as well as the numbeissfallcvowels/consonants in the POP word list
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Table V.

The Frameworlof Polysyllable Maturitf{Masso, 20&b) applied to Children in the Present Study who Demonstrated Substitution Errors (SUB) on at

Least40% of Words (n = 91)

DEL AP | AT | Number of children
Maturity Description
Vowel | Cons
Least | A. Vowel and consonant deletions, alterations of phonotactics, and alterations of] + + + |+ |17 (18.7%)
T timing.
B. Alterations of phonotactics due to consonant deletions or algeadditions) - +/- + |+ |37 (40.7%)

although some vowel deletions may be present. Alteratiotisiioig are ongoing.

C. Fewer instances of alterations of timing. Alterations of phonotactics due to - +/- + |- 17 (18.7%)

consonant deletions or othex.g.additions) are ongoing.

D. Fewer instances of alterations of phonotactidterations of timing present. - - - + | 5(5.5%)

I\/ioét E. Fewer instances of deletions, alterations of phonotactics or alterationsngf.timi | - - - - 15 (16.5%)

Framework of Polysyllable Maturity, © Sarah Masso, 2016b

Note. + indicates the presence of the feature in at least 4084rd$, -indicates the absence of the featuratiteast 40% of words;/- indicates the
presence or absence of the feature, DEL = Deletieyltables, consonants or vowels? = Alteration of phonotactics, AT = Alteration of timing
(stress)Progression of maturity based on James, 2006.



4- to 5yearold children
attending
33 early childhood centres
N=1,353
I

[ ]
Stage 1: Parent screening form Stage 1: Parent screening form
Returnedh = 852 Not returnech = 501

Stage 2Directassessment | Stage 2Directassessmen|

Includedn = 197 Excludedn = 655
[
[ |
DEAP-Phonology DEAP-Phonology
Completech =197 Not completech =0

Stage 3Direct assessmen Stage 3Directassessmen

Includedn = 95 Excludedn = 102
I
[ I
Polysyllable Preschool Teslt Polysyllable Preschool Test
Completech = 93 Not completedh = 2

Figure 1 Derivation of participants from years 1 and 2 of the Sound Start Study used in theiprestigiation Stage 1 refers to the first stage of the
Sound Start Study. Stage 2 refers to the second stage of the Sound Start Studynlylobikeiren whose parents and/or teachers reported concerns
about their speech sound development were directly scre&tadg 3 refers to the third stage of 8oand Start Study (where only children with
delayed phonological development and typical werial intelligence werassessed
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Addition of

Substitution of || Deletion of syllables,|| Distortion of Alteration of Alteration of Assimilation or
consonants or || consonants or vowel§ consonants or|| consonants or phonotactics timing (AT) Alteration ofsequence
vowels (SUB) (DEL) vowels (DIST) || vowels (ADD) (AP) (ASEO)
a) Substitution of a) Distortion of || a) Addition of a) Length || a) Stress a) Assimilation
consonant/s consonants consonants incorrect incorrect
b) Substitution of b) Distortion of b) Addition of b) Shape | b) Weakonset b) Alteration of
vowel/s vowels vowels incorrect incorrect Sequence

c) Strong onset

Syllable deletion Consonant deletions Vowel deletiors B

incorrect
- a) Wordinitial stressed g) Presence of consonalj [ m) Presence of vowel deletions
] deletions | d) Syllable
1 b)Y Wordinitial weak = n) Number of vowels deleted segregation
h) Number of consonants —
1 C) Within word stressed| [ deleted - 0) WordHinitial stressed vowel
q d) Within word weak i) Syllableinitial = p) Wordinitial weak vowel
4 e) WordHinal stressed consonant/s (stressed] H q) Within word stressed vowel/s
1) Word-final weak j) Syllableinitial = 1) Within word weak vowel/s
] consonant/¢weak)
- S) Wordfinal stressed vowel
k) Syllablefinal
— t) Wordinal weak vowel

i consonant/s (stressed

Word-level Analysis of Polysyllables (WAP), © Sarah Masso 2016a
Note. Shaded boxes indicdlee Categoriesynshaded boxes indicate Scditegories

Syllablefinal
consonants (weak)
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Category and Subcategories Definition Binary or | Example
numeric
analysis
1. Substitution of consonantsor | Did this child substitute any vowels or consonants in thi§ Yes/no calculator/'’kaelkjalerta/ — ['teelkjalerta] coded as “yes”
vowels (SUB) word? (ifyes completesubcategory analysis) (binary)
a) Substitution of consonant/s Number of consonants substituted Numeric | calculator/'kaelkjalerta/ — ['teepalerta] coded as 2
consonant substitutions
b) Substitution of vowel/s Number vowels substituted Numeric | calculator/kalkjslerta/ — ['kaelkjulertsa] coded as 1
vowel substitution
2. Deletion of syllables, Did this child delete any syllables, consonants or vowely Yes/no butterfly/'bataflal/ — ['baflai] coded as “yes”
consonants or vowels (DEL ) in this word? (ifyes complete subcategoanalysis) (binary)
Syllable deletions
a) Word-nitial stressed syllablés | Number of worditial stressed syllables deleted (max =| Numeric | butterfly/bataflai/ — [ta'fa1] coded as vord-initial
stressed syllable deletion
b) Word-nitial weak syllable$ Number of wordnitial weak syllables deleted (max = 1) | Numeric | pyjamagpa'dzgamaz/ — ['dzamaz] coded as 1 word-
initial weak syllable deletion
c) Within word stressed syllablég Number of within word stressed syllables deleted Numeric | tyrannosaurugta'ienasoaas/ — [ta'nasoass] coded as 1
within word stressed syllable deletion
d) Within word weak syllable% Number of within word weak syllables deleted Numeric | hippopotamushipopptomas/ — [hi'ppmas] coded as 2
within word weak syllable deletions
e) Wordinal stressed syllablés | Number of wordfinal stressed syllables deleted (max = 1 Numeric | butterfly/bataflal/ — ['bata] coded as 1 woréinal
stressed syllable deletion
f)  Word{inal weak syllabled Number of wordfinal weak syllables deleted (max = 1) | Numeric | pyjamagpa'dsamaz/ — [pa'dza] coded as 1 woréinal
weak syllable deletion
Consonant deletions
g) Presence of consonant deletig Did this child delete any consonaimighis word? Yes/no butterfly/'bataflal/ — ['baflar] coded as “yes”
(binary)
h) Total number of consonants | Number of consonants deleted Numeric | butterfly/'bataflai/ — ['bats] coded as 2 consonant
deleted deletions
i) Syllableinitial consonant/s of | Number of syllableanitial consonant/s of stressed syllable Numeric | butterfly/'bataflar/ — ['a.ta.fa1] coded as 2 syllabiimitial

stressed syllablés

deleted

consonant deletion (stressed syllable)
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j) Syllableinitial consonant/s of | Number of syllablenitial consonant/s of weak syllables | Numeric | butterfly/bataflai/ — ['baflai] coded as 1 syllable initial
weak syllabled deleted consonant deletion (weak syllable)
K) Syllablefinal consonant/s of | Number of syllabldinal consonant/s of stressed syllabley Numeric | calculator/keelkjslerta/ — ['’kaekjalerta] coded as 1
stressed syllablés deleted syllablefinal consonant deletion (stressed syllable)
[) Syllablefinal consonants of Number of syllabldinal consonants of weak syllables Numeric | pyjamagpa'dzamaz/ — [pa'dgama] coded as 1 syllable
weak syllable$§ deleted final consonant deletion (weak syllable)
Vowel deletions
m) Presence of deletion of voweld Did this child delete any vowels in thisord? Yes/no butterfly/'bataflal/ — ['baflar] coded as “yes”
(binary)
n) Deletion of vowels Number vowels deleted Numeric | butterfly/bataflai/ — [baflai] coded as 1 vowel deletion
0) Deletion of wordinitial Number of wordnitial stressed/owels deleted (max = 1) | Numeric | butterfly/'bataflai/ — [te. 'flai] coded as 1 wordhitial
stressed vowal vowel deletion (stressed vowel)
p) Deletion of wordinitial weak | Number of wordnitial weak syllables deleted (max = 1) | Numeric | echidna/a'kidna/ — ['kidna] coded as 1 wordhtial
voweF vowel deletion (weak vowel)
q) Deletion of within word Number of within word stressed vowel/s deleted Numeric | echidna/e'’kidna/ — [ana] coded as 1 within word vowel
stressed vowelffs deletion (stressed vowel)
I Deletion of withinword weak | Number of within word weak vowel/s deleted Numeric | butterfly/'bataflai/ — ['baflai] coded as 1 within word
vowel/$ vowel deletion (weak vowel)
s) Deletion of wordfinal stressed | Number of wordfinal stressed vowels deleted (max = 1) | Numeric | butterfly/'bataflar/ — ['ba.ta.] coded as Word-final
vowef vowel deletion (stressed vowel)
t) Deletion of wordfinal weak Number of wordfinal weak vowels deleted (max = 1) Numeric | echidna/a'kidna/ — [o'kid] coded as 1 woréinal vowel
vowef deletion(weak vowel)
3. Distortion of consonants or Did this child distort any vowels or consonants in this | Yes/no tyrannosaurugts'1zenasoaas/ — [te'1aenas'ouias'] coded
vowels (DIST) word? (ifyes complete subcategory analysis) (binary) | as “yes”
a) Distortion ofconsonants Number of consonants distorted Numeric | tyrannosaurugta'azenasoaas/ — [ta'ienatoriat] coded
as 2consonant distortian
b) Distortion of vowels Number of vowels distorted Numeric | tyrannosaurugta'izenasoaas/ — [ta'aaenatoiiat] coded
asl vowel distortion
4, Addition of consonants or Did this child add any vowels or consonants in this worg Yes/no echidna/s'kidna/ — [a'kidena] coded as “yes”
vowels (ADD) (if yes completesubcategory analysis) (binary)
a) Addition of consonants Number of consonants added Numeric | echidna/a'kidna/ — [ka'kidna] coded as 1 consonant
addition
b) Addition of vowels Number of vowels added Numeric | echidna/e'kidna/ — [a'kidena] coded as 1 vowel

addition
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5. Alteration of phonotactics Did this child alter thgphonotactics of this word? (fes Yes/no helicopter/hela’kopta/ — [ha'kopta] coded as “yes”
(AP) complete subcategory analysis) (binary)

c) Lengtt Number of syllables present Numeric | helicopter/hela'kopta/ — ['hak.ta] coded as 2 syllables

d) Shap8 Total number of phonemes present Numeric | helicopter/hela'kopta/ — ['hak.ta] coded as 5 phoneme

6. Alteration of timing (AT) Did this child alter the timing of the word? ¢iés complete| Yes/no butterfly /'bataflar/ — ['ba.ta.flar] andechidna/a'kidna/

subcategory analysis) (binary) | - [o'kidena] are both codeds “yes”

a) Stress incorrect Was the stress incorrect? Numeric | butterfly/bataflal/ — ['bataflar] codedas 1 {e9

b) Weak onset incorrect Was the stress of the initial syllable (weak) incorrect? | Numeric | echidna/a'kidna/ — ['kidna] coded as 1ye9

C) Strong onset incorrect Was the stress of the initial syllable (strong) incorrect? | Numeric | butterfly/bataflai/ — ['bataflar] coded as Ono)

d) Syllable segregation Did this child segregate thsyllables within this word? Numeric | butterfly/bataflal/ — ['ba.ta.flai]) coded ad (ye9

7. Assimilation and/or Was assimilation or an alteration of sequence present w Yes/no tyrannosaurugta'ieenasoias/ — ['teenaaaesoias] coded
Alteration of sequence this word? (ifyes completesubcategory analysis) (binary) | as “yes”
(ASEQ)

a) Assimilation Was assimilation preséht Numeric | calculator/keelkjalerta/ — ['teetalerta] coded as 1 to

indicate the presence of assimilation
b) Alteration of sequence Did thischild alter the sequence of segments? Numeric | tyrannosaurugta'izenasouas/ — ['teenaaeesoias] coded

as 1 to indicate the presemufean alteration of the
sequence

Word-level Analysis of Polysyllables (WAP), © Sarah Masso 2016a

Note. This analysis tool can be used for any polysyllable wordli$tis variable was only present feords which included this linguistic element (e.g.,
a variable indicating the deletion of a word-initial stressed vowel was meilydied for words which contained a wanitial stressed vowelfNumber of
syllables(length) orphonemegshape)vere calculated based on the number actually prodaceach word. If the number of syllablesphonemesvas
more than the intended target, the additional length ealculated as a negative of the t(eal.,Echidna/e'kidna/ — [a'kidena] was coded akength of5 (the
possible number of phonemes wasniijus 1 for the additional syllablefhe diacritic // is used to notate primary stre3$e creation of categories 1, 2, 3, and
4 were informed by van Riper (1939) and categories 1, 2, 5, 6, and 7 were informed by James (2006)




