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Studies of children’s consistency of word production allow identification of Received 30 November 2022
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motoric precision and consistency of speech movements; and inconsistent KEYWORDS
phonological disorder (IPD) attributed to impaired phonological planning. Inconsistency; speech sound
This paper describes the inconsistent productions of children with IPD in disorder; qualitative
comparison to typically developing children. In two studies of suspected measures; differential
SSD (N = 135), 22 children pronounced >40% of 25 words inconsistently diagnosis

on three repeated trials. No participant had symptoms of CAS. They were

monolingual and spoke Australian- or Irish-English. Assessment deter-

mined the proportions of words said consistently (i.e. the same across

productions: all correct or with the same error) or inconsistently (i.e.

differently across productions: at least one correct and one error or

different errors in productions). Qualitative analyses examined error

types and explored the effect of target words’ characteristics on incon-

sistency. Children with IPD produced 52% of words with different errors.

While 56% of all phoneme errors were developmental (age appropriate or

delayed), atypical errors typified inconsistency: default sounds and word

structure errors. Words with more phonemes, syllables and consonant

clusters were vulnerable to inconsistency, but their frequency of occur-

rence had no effect. TD children and those with IPD had different quanti-

tative and qualitative error profiles, confirming IPD as a diagnostic

category of SSD. Qualitative analyses supported the hypothesised deficit

in phonological planning of words’ production for children with IPD.

Introduction

When children produce many words inconsistently, it is considered a marker for speech
sound disorder (SSD). One approach to classifying distinct subgroups of SSD relies on the
description of types of phonological errors made, combined with a comparison of
subgroups’ performance on phonological processing abilities (for summary see Dodd,
2014). In contrast, Stackhouse and Wells, (1997) psycholinguistic framework focuses on
input and output processing skills and Shriberg et al.’s (2010) classification uses a medical
model. Two independent reviews (Ttofari Eecen et al., 2019; Waring & Knight, 2013)
support the salience of children’s phonological errors for understanding subgroups of
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SSD. Consequently, this study examined the types of speech errors made when children
with SSD produce words inconsistently.

Clinicians often consider inconsistent errors as evidence for childhood apraxia of speech
(CAS), a neurogenic speech disorder typified by ‘lengthened and disrupted co-articulatory
transitions’ with ‘prosody and stress errors’ and consonant and vowel distortions (American
Speech-Language-Hearing Association [ASHA], 2007). Children with inconsistent phonological
disorder (IPD) also make many inconsistent errors despite having no segmental or
supra-segmental signs of impaired planning or programming of articulation (Broomfield &
Dodd, 2004; McNeill et al., 2022). While 3.6% of the children with SSD are identified with CAS
(ASHA, n.d.), IPD was diagnosed in 10% of 320 SSD cases referred to a UK paediatric speech
and language therapy service (Broomfield & Dodd, 2004) and 15% of 126 four-year-olds with
SSD in an Australian community cohort study (Early Language in Victoria, Ttofari Eecen et al.,
2019). This paper describes the number and type of errors made by children with IPD. It
explores qualitative measures of inconsistency by comparing the speech of children with IPD
and typically developing (TD) children (Holm et al., 2022). Phonological error data are
examined for evidence about the nature of inconsistency.

Previous studies have focused on the proportion of words pronounced inconsistently on
repeated trials. Normative data indicate that children aged over 3.5 produced fewer than
10% of words inconsistently, while 3.0-3,5-year-olds show 13% inconsistency (Holm et al.,
2007). In contrast, the reported mean inconsistent productions of the same word were
58-64% for CAS groups (Iuzzini-Seigel et al., 2017; McCormack & Dodd, 1996) and
56-58% in IPD groups (McCormack & Dodd, 1996; McNeill et al., 2022). While
measuring percent inconsistency differentiates TD children from those with speech
difficulties, it fails to distinguish SSD groups. Analyses of IPD participants’ inconsistent
error types might provide clinical markers for differential diagnosis that guide assessment
and intervention. Few studies, however, provide examples of inconsistent errors made by
children with SSD.

Acquisition of word production consistency by typically developing children

While TD toddlers” speech is characterised by inconsistent production of the same word
(Grunwell, 1982; Sosa & Stoel-Gammon, 2012), most studies of 3.0-5.0-year-olds report
that around 80% of words are produced consistently in picture naming tasks sampling
words two or three times, across languages (see Table 1). Older children are more consistent
than younger ones, and girls are sometimes more consistent than boys. Words vulnerable to
inconsistency had more consonant clusters and syllables (Holm et al., 2022; Macrae, 2013).
Qualitative characteristics of word consistency (e.g. phonemic analyses) were reported
for 96 TD Australian-English speaking preschool children (Holm et al., 2022) who were part
of a large normative study of speech development. To measure consistency, children named
15 pictures twice, in separate trials, in the same assessment session. The mean consistency of
production was 82% (59% same correct; 23% same error). Different (inconsistent)
productions of the same word occurred either when one was correct and one in error (8.7%:
sheep [fi:p, si:p]), or when there were two different errors (9.6%: elephant [eflont, efont]).
Inconsistently produced words were analysed for evidence about the nature of word
production in TD children (Holm et al., 2022). There were 130 examples of word pairs
produced correctly on one trial and in error on the other. Only one of an inaccurate words’
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Table 1. Percent consistency reported for typically developing children.

Mean % consistency: Overall and by
approximate age group

Study Age N Population Overall ~2;6 ~3,0 ~3;6 ~4,0 ~4;11 Gender effect
Sosa (2015) 2;6-3;11 32 English (USA) 32% 23% 32% 43% Not tested
Jones (2020) 1,2t03;8 5 English (USA) 78% Not tested
Ha (2020) 2,6-6;11 209 Korean 79% 44% 70% 82% 88% Not tested
Burt et al. (1999) 3;10- 57 English (UK) 82% 77% 86% Girls = Boys
4,10
Zarifian et al. (2020) 3;0-6;,0 317 Persian 84% 81% 87% 89% Girls = Boys
Martikainen et al. (2021) 3;0-6;11 80 Finnish 89% 81% 89% 96% Not tested
Holm et al. (2007) 3;0-6;11 409 English (UK) 92% 87% 88% 93% 95% Girls > Boys
Holm et al. (2022) 3;,0-4,11 96 English 81.7% 76% 86% Girls > Boys
(Australia)

*A longitudinal study: 1811 words analysed with two scoring methods over age range. Phonemic consistency: 78%; Phonetic
consistency: 17%.

phonemes was likely to be in error. Atypical errors were rare (e.g. additions and backing).
Errors were most frequently age-appropriate according to normative data (e.g. gliding and
cluster reduction) or delayed (e.g. fronting, Dodd et al., 2003). Waring (2019) argues that
the executive function of inhibition plays an important role in suppressing error patterns.
Children sometimes fail to inhibit a phonological pattern when marking an emerging
contrast (e.g. alveolar vs velar), particularly in multisyllabic words (e.g. kangaroo correct
in one trial but [tendosu:] in another). This type of inconsistency was interpreted as
evidence for a resolving error pattern, rather than being a marker for SSD.

In Holm et al.’s (2022) study, there were 143 examples of a word produced differently
with both in error. Words most vulnerable to inconsistent production had complex word
structures. Word frequency and neighbourhood density had less effect. Three subcategories
of this type of inconsistency were identified (see Holm et al., 2022 for further discussion of
these error types):

(i) 56% of the inconsistent productions were alternate uses of age-appropriate or
delayed developmental errors (e.g. witch [wit, wits], frog [fog, fwpg]). This category
included errors like screwdriver [skiu:daive, sku:diarve] demonstrating the ability to
articulate phoneme sequences in complex syllable onsets.

(if) 22% of the inconsistent productions were characterised by the use of atypical errors
(e.g. strawberry [tfo:bii, sto:bewi]; sprinkles [finkslz, swigkalz]). One production often
had developmental errors, the other being atypical (e.g. af/frication of clusters).

(iii) 22% of the inconsistent productions affected word structure (addition and deletion
of syllables) and phoneme sequencing errors (e.g. helicopter [hoktatelo, hetotokts],
[kojokowa, koka]; octopus [pptekupus, pptokus]). These errors plausibly reflect
poor planning of the sequence of phonemes in syllables, and syllables in words.

Inconsistent phonological disorder (IPD)

A review of SSD cases treated at a UK speech therapy clinic identified a subgroup
making inconsistent errors despite having no motor-speech difficulty (Dodd, 1982).
Subsequent research reports that between 8% and 16% of children with SSD pronounce
40% or more of words inconsistently on repeated trials of picture naming tasks, across
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languages (e.g. Danish: Clausen & Fox-Boyer, 2022; Korean: Pi & Ha, 2020; Cantonese:
So & Dodd, 1994; Mandarin: Hua & Dodd, 2000). In one study of English-speaking
four-year olds, controls (n = 28) and children with SSD (n = 86) named 25 pictures, three
times (McCormack & Dodd, 1996). The typically developing children produced 14% of
words inconsistently, while different homogenous subgroups of children with SSD
varied: delayed development 29%; consistent atypical errors 33%; and children with
IPD, 58% inconsistency.

Studies seeking to explain the inconsistent errors of children with IPD have examined
their profile of associated abilities. A review of the findings suggests they perform within
normal limits on most speech processing and executive function tasks (Dodd et al., in
press). Tasks eliciting poor performance were as follows: syllable awareness but no other
phonological awareness tasks, spelling but not reading comprehension (Holm et al., 2008);
and, expressive, but not receptive, learning of non-words (Bradford-Heit & Dodd, 1998).
Standardised vocabulary measures provide contradictory findings, with studies reporting
either receptive (McNeill et al., 2022), or expressive impairment (Macrae & Sosa, 2015), or
deficits on both measures (Dodd & McCormack, 1995). Incomplete or erroneous lexical
representations of words, or difficulty accessing these representations, might account for
inconsistent word production in IPD (Macrae & Sosa, 2015), although the ability to access
the phonological structure of words needs to be distinguished from knowing a word’s
meaning. For example, some children with IPD describe a picture they cannot name (e.g.
‘bird that comes out at night’ for ‘owl’, Dodd & McCormack, 1995).

Levelt et al.’s (1999) speech production model provides an alternative account. It has two
separate speech output processing stages: a linguistic stage leading to a phonological plan
for the sequence of phonemes of an utterance (Laganaro, 2019); and a motor programming
stage that provides the blueprint for articulatory gestures for selected words (J. Duffy et al.,
2021; Haley et al., 2013). Two speech difficulties acquired by adults lend support for this
dichotomy: paraphasias characterised by inconsistent speech errors in the absence of motor
speech difficulties (Butterworth, 1992; Laganaro, 2019); and, acquired articulatory apraxia
described as an ‘impaired capacity to plan or program sensorimotor commands necessary
for normal speech’ (J. R. Dufty, 2013, p. 4).

A similar speech processing deficit may underlie inconsistent productions in adult
paraphasia and paediatric IPD, as neither of these groups have motor-speech impairments.
Supporting evidence comes from the finding that children with IPD make fewer speech
errors when imitating words than in spontaneous production (Bradford-Heit & Dodd,
1998) and from intervention case studies of children with IPD. These studies provide
examples of phoneme sequencing difficulties (e.g. zebra [zribra, ziba, riba], Hemsley &
Holm, 2017), and use of default sounds (e.g. syllable initial [w] and final [K]: lighthouse [wa:
wak], giraffe [bikwak]; all word final consonants are replaced with a schwa: push [pva], boat
[bous], McIntosh & Dodd, 2008). Such error types motivated the development of core
vocabulary therapy that targets whole words (rather than speech sounds or error patterns),
establishing a consistent production of 70 highly functional lexical items selected by
children and their families. As long as a range of word shapes and speech sounds are
included, the actual words selected do not affect the clinical outcome. Therapy provides
information about each target’s sequence of speech sounds, syllable by syllable. Consistency
and improved accuracy generalise to non-treated words after around 8 hours of therapy (for
review see Crosbie et al., 2021).
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The clinical challenge of inconsistent word production

Children’s inconsistent speech errors pose clinical challenges for assessment, intervention,
and clinical management. Normative data on consonant acquisition and phonological
patterns assume children’s speech production is consistent as most standardised
assessments require children to name a picture only once. Intervention for SSD (e.g.
minimal pair therapy) also assumes consistency by contrasting specific errors with the
correct production. Similarly, articulation therapy focusing on single speech sounds
discounts the possibility of a phoneme sequencing deficit. For clinical management,
children with IPD are often referred early by carers due to concern about their unintelligible
speech (Fox, 2000). A clinical opportunity is lost if intervention is delayed, as an RCT found
that ‘children with IPD made most progress in therapy when they were three years old’
(Broomfield & Dodd, 2005, p. 227). As quantitative scores fail to distinguish between at-risk
groups, qualitative data might better identify children’s specific clinical needs as well as
inform theoretical accounts of inconsistent speech errors.

In this paper, inconsistent productions of children with IPD are quantitatively and
qualitatively evaluated, as they are the largest homogenous SSD group with inconsistent
productions. Diagnosis of IPD excludes inconsistency due to motor planning and programming
deficits. Data from 22 children with no motor-speech symptoms, scoring >40% inconsistency
on 25 words said at least twice, addressed these research questions:

¢ What proportion of words were pronounced the same (both correct or the same error)
or differently (at least one correct and one in error or different errors)?

e Do proportions of phoneme error types (age appropriate, delayed, and atypical of
normative data) differ for consistently and inconsistently produced words?

¢ Do target words’ frequency of occurrence, number of phonemes and syllables, and
syllable shape (e.g. CVC and CCVCC) affect consistency?

e Words pronounced inconsistently have specific phoneme differences (e.g. alternate
developmental errors occur in witch [wis, wif]). In what proportions do specific types
of phoneme changes occur when words are pronounced differently, both in error?

¢ Does the performance of children with IPD and TD differ on these measures?

Method

Speech data from 22 children diagnosed with IPD in two previous studies (Dodd &
MclIntosh, 2008, Australian children; Dodd et al., 2009, Irish children) were analysed to
address the research questions. Parents signed informed consent forms approved by the
University of Queensland Human Research Ethics Committee (2004000722).

Participants

The Australian study (Dodd & Mclntosh, 2008) recruited 275 children (with or without
speech difficulties) through advertisements in preschools, child-care centres and community
newsletters to a study evaluating the role of input processing, executive function and
motor-speech skills in preschool children’s speech development. Of these parent referrals,
89 children had a SSD (i.e. performed>1 standard deviation below the mean on the
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Table 2. Participants’ mean (M), standard deviation (SD) and range: age, percent consonants correct
(PCQ), percent vowels correct (PVC), oro-motor standard scores, number of phones missing for age and
inconsistency score on the DEAP.

Age Phonology Assessment Oro-Motor SS*

months PCC PVC DDK M SM Phones missing % Inconsistency
Australian sample: N =11 (10 male, 1 female)
M 49.7 39 81.4 10 10.2 10.5 24 59.3
SD 6.1 143 12.6 1.4 13 1.7 2.6 11.4
range 37-60 22-59 53-97 8-12 7-12 8-13 0-8 40-72
Irish sample: N =11 (8 male, 3 female)
M 524 45.6 83.2 9.3 9.6 9.6 1.9 56
SD 85 134 10.5 1.7 1.7 19 2.0 7
range/ 40-66 25-66 65-96 6-13 8-13 7-14 0-6 44-72
Combined data: N = 22 (18 male, 4 female)
M 511 423 82.3 9.6 9.9 10 2.1 57.6
SD 73 13.6 1 1.7 1.6 1.8 23 9.3
range 37-66 22-66 53-97 6-13 7-13 7-14 0-8 40-72

*DDK: diadochokinesis; IM: isolated movements; SM: sequence movements. Normal SS range 7-13.
"“One child participant refused DDK testing, SS 6 while other scores within normal limits, so not excluded.

phonology subtest of the Diagnostic Evaluation of Articulation and Phonology, DEAP, Dodd
et al., 2002). All children were monolingual English-speakers, had age-appropriate language
comprehension, and no hearing, neurological or cognitive impairments. Eleven of the 89
children (aged 3.1-5.0) with SSD made inconsistent speech errors (i.e. scored >40% on the
DEAP Inconsistency Assessment) and were excluded from the main study. Their speech data,
analysed in the present study, has not been previously published (see Table 2).

The Irish study (Dodd et al., 2009) assessed 57 monolingual children attending speech
and language therapy clinics in Dublin. They were either currently receiving intervention or
attending a review appointment. Case history information revealed no sensory, cognitive or
physiological explanation for their speech difficulty. While language comprehension was
not formally assessed, the children were identified by their speech therapist with SSD as
their primary difficulty. This sample was assessed to evaluate the clinical validity of
normative data collected from typically developing 3 to 7-year-old Irish children on all
subtests of the DEAP. Table 2 presents a summary of the characteristics of the 11 children
(aged 3.4-5.6 years) scoring 240% on the DEAP Inconsistency Assessment. Qualitative
analysis of the data from these 11 children has not been previously described.

Procedure

The procedure was the same in both studies. Children were assessed at home, preschool,
childcare or speech therapy clinics in a quiet environment. Experienced speech-language
clinicians (the first two authors) engaged children in two 30-min assessment sessions,
separated by a play break. Parents sat near their children during the assessments and
received a written report on their child’s performance.

All subtests of the DEAP were administered:

o Diagnostic Screen: 10 pictures named; speech sounds in error elicited to check stimulability;
pictures renamed to check consistency.
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o Articulation and Oro-motor Assessment: 30 CV/VC words elicited all speech sounds in
picture naming; stimulability of speech sounds in error was tested in isolation, using
appropriate cues. Diadochokinesis repetitions of ‘pat-a-cake’ scored for accuracy,
intelligibility, and fluency; Isolated movements of tongue elevation and lateral
movement, lip rounding and spreading; and, imitation of sequenced movements
(e.g. kiss and blow).

e Phonology Assessment: 50 pictures named (1-4 syllables, 22 clusters) measured
phoneme and phonological error pattern use, and percent consonants correct (PCC)
and percent vowels correct (PVC); a picture description task assessed continuous
speech.

e Inconsistency Assessment: Children named 25 words in three separate trials. If 10 or
more of the 25 words were pronounced differently (>40%) the IPD criterion was met.
Semantic cues were offered for unknown words; if necessary, a model for imitation was
provided for all three trials of an unknown word. In this study, a total 16 (of 550) target
words (3%) were imitated, between 1 and 5 words for each of the six children.

e Each trial of 25 words was separated by another activity (e.g. one of the oro-motor
tasks). Words were transcribed on-line and audio-recorded for checking and
reliability. When the third trial of the 25 words was not completed, available data
were analysed. Each child’s inconsistency score was the total of words produced
differently divided by total words produced at least twice multiplied by 100.

Analyses

Analyses determined the proportions of words said consistently (i.e. the same
production of the target word) and inconsistently (i.e. different productions of the
target word) for each child. Each word was then classified as same correct; same error;
differently with at least one correct; or differently with different errors. Differences due to
phonetic variability were not categorised as inconsistent (e.g. same correct: parrot
[peeiot, paent]; same error: helicopter [helitopta. helitopta]) as this reflects normal
variation in word production (Biirki, 2018). Irish participants’ data evaluated the clinical
validity of normative data collected from typically developing 3- to 7-year-old Irish
children on all subtests of the DEAP’s Irish standardisation (Dodd et al., 2009). While
Irish-English and Australian-English accents differ, each group was compared against
normative data from their language background peers to identify speech errors. To
measure consistency, each individual child’s sequence of phonemes in a word was
compared across trials. Differences between Australian and Irish groups were tested
using non-parametric Mann-Whitney U tests, due to the small number of participants
in each clinical group. Paired t-tests compared performance of the combined groups on
different measures.

Qualitative analysis described all phonemic changes in differently pronounced words.
Participants’ speech errors were compared with DEAP normative data. Identified error
patterns were classified as age appropriate (used by 210% of the children in the same 6
months age group); delayed (used by 210% of the children in a younger age group); or
atypical (not used by >10% of the children in the normative data in any age band between 3
and 7 years).
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Appendix 1 summarises DEAP normative data. It shows that children’s phonological
errors change during development to more nearly match the spoken language(s) they hear.
The errors they make are thought to reflect children’s knowledge of the contrasts and
constraints of their language-specific phonology (Clark et al., 2007; Smith, 2010). Every
language has its own set of speech sounds to contrast lexical meaning (e.g. lay/ray are two
words in English but/l/and/r/do not contrast word meaning in some Asian languages).
Phonological constraints place limits on how speech sounds may be sequenced to make
words (e.g. bridge [bvidz],/bv/is an illegal cluster in English; only nasals occur word finally
in Japanese). Children need to work out the contrasts and constraints of the languages they
are learning from the words they have in their mental lexicon. The use of age-appropriate
developmental errors provides evidence for largely intact phonological representations of
words in their mental lexicon as well as the cognitive linguistic ability to derive the
phonological contrasts and constraints of the language(s) of exposure (Clark et al., 2007;
Smith, 2010).

Additional analyses examined the effect of target words’ characteristics on consistency.
This was calculated using Pearson’s correlation coefficient between the number of children
making inconsistent errors on each of the 25 target words and each word’s (i) number of
phonemes (to measure word length); (ii) number of syllables and consonant clusters (to
measure syllable complexity); and (iii) frequency of occurrence (ZipfUS, Brysbaert et al.,
2019). Different error forms occurring in multiple productions of the same word were
examined for recurring patterns of change across children.

Two criteria were used to identify default sequences of speech sounds for the 18 children
using this word production strategy (see Appendix 2). A default sequence of speech sounds
needed to occur in at least five different lexical items from DEAP assessment data, irrespective
of same or different error response (for the 18 children identified as using this strategy:
M =38.9, SD 4.0, range 5-23). The only errors counted as default sequences were those that
could not be explained by known developmental or atypical phonological error patterns (see
Appendix 1). For example, one default sequence was [d] marked within word syllable initial
consonants (zebra [eda]; parrot [peedi]; umbrella [abeds]; vacuum [adi]; elephant [edil]); but
dinosaur [daido] was not counted because it might reflect assimilation.

Results

Participants from the two studies were compared on measures of age, number of speech
errors, DDK, oro-motor skills, and inconsistency on DEAP subtests (see Table 2). A
Mann-Whitney U-test showed that the Australian and Irish samples were matched for
age (U=150, z=0.6596, p = 0.509). There were more boys (82%) than girls in both samples.
Most children had PCC and PVC standard scores (SS) of 3 (the lowest score possible),
although three children had one score in the lower average range (SS 7-9). DDK and oro-
motor scores clustered around SS 10 (average), indicating no symptoms typical of children
with CAS. Phones most often missing for age were/tf, d3/(usually acquired by 4 years, Dodd
et al., 2003). An inconsistency score of >40% was an inclusion criterion for the study, with
nine participants producing >60% of target words inconsistently (i.e. saying at least 15 of
the 25 words differently). The Irish and Australian children were matched for inconsistency
(U=39.5, z=1.3461, p=0.177) allowing participants’ data to be combined for further
analyses.
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The 25 word inconsistency assessment provided the 22 participants with 550 opportunities
to name target words on three trials. Two preliminary scans of the data base were done.
Thirty-five target words were not elicited at least twice due to 27 refusals and eight wrong
word choices (e.g. cockatoo for parrot). Of the 515 target words attempted, 61% were elicited
three times and 39% twice. These data were used to analyse the effect of target word’s
characteristics on consistency in Table 3.

To maximise the number of words included in qualitative analyses of inconsistent
errors, when a child did not provide two productions of the Inconsistency test’s 25
target words, that child’s assessments were inspected for replacement data. Words
included were drawn from other DEAP subtests requiring two productions of words
(i.e. the screener and continuous speech tasks) and wrong word choices on all three
trials. Only 26 of 35 missing target words could be replaced from the children’s other
data. The number of replacements in each response category was as follows: one same
correct; 13 same error; one correct trial with another in error; and 11 different errors.
Data from repetitions of 541/550 words, then, were included in the data base. Another
scan identified word form constraints, focusing on syllable shapes and the number of
syllables in words. Seventeen children produced four syllable words; two only produced
two syllable words, while three added syllables to produce some five syllable words (e.g.
helicopter [helitppata]). A syllable shape count indicated that all children produced

Table 3. Number of 22 participants producing each word the same and differently plus word character-
istics: number of phones per word, syllable structure and frequency of occurrence.

Missing Same Same  Correct/  Different Number Syllable Word
Words data Correct Error Error Errors phonemes Structure Frequency
boat 0 7 8 4 3 3 1 5.0
rain 0 5 10 2 5 3 1 4.7
girl 2 5 8 2 5 3 1 58
tongue 2 3 7 1 9 3 1 4.5
shark 1 2 1" 2 6 3 1 4.2
witch 2 2 1Al 0 7 3 1 4.4
five 1 1 8 3 9 3 1 5.5
scissors 0 1 6 2 13 5 2 3.8
chips 2 1 12 0 7 4 2 43
parrot 2 0 6 2 12 5 2 35
ladybird 2 0 8 3 9 7 3 2.2
fish 0 0 10 1 1 3 1 49
thank you 1 0 5 1 15 6 3 5.8
dinosaur 2 0 12 1 7 6 3 3.6
helicopter 0 0 3 1 18 9 4 4.2
teeth 0 0 16 0 6 3 1 47
slippery slide 1 0 12 0 9 10 5 3.7
jump 2 0 10 0 10 4 2 4.8
vacuum cleaner 10 0 2 0 10 1 6 13
kangaroo 1 0 7 0 14 7 3 34
zebra 1 0 7 0 14 5 3 34
birthday cake 2 0 5 0 15 8 3 5.0
bridge 0 0 6 0 16 4 2 47
umbrella 0 0 2 0 20 7 4 3.9
elephant 1 0 2 0 19 7 4 4.1
Total 35 27 194 25 269
M (SD) 7.8 (4) 10.8 (5)
Replacements 1 13 1 1

Syllable structure score derived by adding number of syllables and consonant clusters; Word Frequency: ZipfUS (Brysbaert
et al, 2019).
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Table 4. Same and different productions for 25 words said more than once for 22 children
with inconsistent phonological disorder.

Mean (SD) Range % (of 25 words)
Same 10.7 (2.3) 43.4%
Same: both correct 1.2(1.3) 0-4 5.2%
e.g., witch [witf, witf]
Same: same error 9.4 (2.5) 6-15 38.2%
e.g., shark [gat, gat]
Phoneme errors per word 2.0(0.7) 1.2-33
e.g., jump [dak] =3
Types of phoneme errors
Age appropriate 22.9 (27) 0-89
e.g., strawberries [tobiz] at 3;4
Developmentally delayed 36.7 (23) 0-81
e.g., shark [tak] at 4;4
Atypical 40.4 (24) 0-100
e.g., elephant [elan]
Different 13.9 (2.4) 56.6%
Different: correct/error(s) 1.2(1.4) 0-5 4.8%
e.g., five [farv, faik]
Different errors 12.7 (2.8) 7-18 51.8
e.g., five [barv, faik]
Phoneme errors per word 2.7 (0.5) (1.9-3.9)
e.g., strawberries [sobiz] = 3
Types of phoneme errors
Age appropriate 20.5 (21) 0-74
e.g., umbrella [ambela, belo] at 3;4
Developmentally delayed 30.1 (19) 2-63
e.g., jump [damp, tamp] at 5;5
Atypical 49.3 (16) 23-92

e.g., bridge [fud, fur]

CVC syllables (e.g. fish [kif]), while 91% produced at least one consonant cluster (e.g.
CCVC, bridge [fud]; CVCC, jump [kamp]).

One research question focused on the proportion of words pronounced consistently
and inconsistently. Table 4 shows that 43% of the words were produced consistently,
with 5% being consistently correct and 38% having the same error across productions.
The proportion of words produced inconsistently across trials was 57%, with 5% of
words produced correctly on at least one trial but in error on others, and 52% of
words having different errors across productions. Children pronounced more words
differently than the same (#(21) =3.3535, p <0.01), and fewer words were said with the
same error than with different errors (#(21) =3.3743, p <0.01). Words had multiple
phoneme errors, but more errors occurred in words said differently (#(21)=5.452,
p<0.0001).

Qualitative analyses of each of the four error categories are described below.

Same correct

Fifteen participants produced a total of 28 words correctly on all trials (M =1.2, SD = 1.3,
range 1-4). Only 9 of the 25 Inconsistency Assessment words, all with a CVC syllable shape,
(e.g. boat, rain and girl), were produced consistently correctly (see Table 3).
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Same error

The data included 207 words with the same error (M =9.4, SD = 2.7 range 6-15). There was
a mean of two phoneme errors per word (see Table 4). These phoneme errors were classified
according to the DEAP norms as follows: age appropriate (AA; e.g. zebra [deba] stopping
and cluster reduction at age 3.2 years is age-appropriate); developmentally delayed (e.g.
zebra [deba] stopping and cluster reduction at age 4.7 years); or, errors atypical of
normative data (e.g. zebra [eba] initial consonant deletion at any age was classified as
atypical). The mean proportions of error types shown in Table 4 indicate that 40% of
phoneme errors were atypical, while 60% reflected typical development.

Developmental error patterns used age appropriately were deafffrication, cluster
reduction, gliding, and fronting. Delayed error patterns used by more than five children
were stopping, cluster reduction, fronting, specific final consonant deletion, assimilation
and weak syllable deletion. Atypical error patterns included vowel errors, initial consonant
deletion, backing, and default substitutions (e.g. [w] for word initial fricatives).

The effect of age on type of errors made was analysed using Pearson’s correlation
co-efficient calculations between age (in months) and the number of each of the three
types of errors made. A significant negative correlation indicated that younger children
made more AA errors (r = —.748, p < 0.001). A significant positive correlation indicated that
older children made more delayed errors (r=.7103, p <0.001). The number of atypical
errors was not correlated with age (r=.1501, p = 0.959).

Table 3 shows the effect of target word characteristics (length, number and shape of
syllables, and word frequency) on production consistency, measured by the number of
children producing each target word in each of the four error categories. The mean number
of children making the same error on target words was 7.8 (SD = 4). Using a criterion of >1
standard deviation from the mean revealed that only 2-3 children produced consistent
errors for vacuum cleaner, elephant, umbrella, and helicopter, while chips, slippery slide,
dinosaur and teeth, were produced with consistent errors by 11-16 children. A significant
negative Pearson’s correlation coefficient calculation indicated that fewer children made
consistent errors on words with more phonemes (r=-.5113, p <0.01). Similarly, another
significant negative correlation indicated that fewer children made consistent errors on
words with more syllables and consonant clusters (r=-.5325, p <0.01). There was no
relationship between words’” frequency of occurrence (Brysbaert et al., 2019) and number
of children making consistent errors (7,3 = 0.2221, p = 0.286).

Correct/error

Thirteen children produced 26 words correctly on at least one trial but in error on others
(M=1.2,SD = 14, range 1-5). Two of these words were correct in two trials and in error in
one (rain [1emn, wan, 1em]); and five had one correct and two words with the same errors
(fish [fif, wis, wis]. Only one phoneme in a word changed between correct and error forms
in 10 responses (boat [bout, bot, bot]), while 16 words had two or three differences
(helicopter [helikopto, hedipops, helippto]). Half of the words only had developmental
errors (scissors [s1zoz, sizad, sidoz]); six words only had atypical errors (five [farv, fwarv]);
and seven had both (spider [spaida, paida, spaidal]). Half the words in this category had
CV(C) syllable shapes (see Table 3).
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Different errors

Children said 280 words with different errors across trials (bridge [dudz, widz, fidz])
(M=12.7, SD = 2.8, range 7-18). Their mean phoneme errors per word was 2.7 (see
Table 4). Just over half of these errors were developmental (either AA 20% or delayed
31%), while 49% of the errors were atypical. Bonferroni corrected paired ¢-tests (criterion p
=0.017) indicated that children made more atypical errors when saying words differently
than the same (#(21) =2.85, p <0.01), but the same proportion of AA (#(21) =1, p =0.35)
and delayed (#(21) = 2.4, p = 0.03) errors. Pearson’s correlations, exploring the relationship
between age and types of different errors found that younger participants made more AA
errors (r=—.7745, p <0.001), while older children made more delayed errors (r=.6413,
p <0.01). The proportion of atypical errors was not correlated with age (r =.2289, p = 0.306).

Table 3 shows the number of children saying each target word inconsistently in the
different error category (M =10.8, SD = 4.6, range 3-20). Using a criterion of >1 standard
deviation from the mean revealed that only 2-4 children made different errors on boat, rain
and girl while 16-20 children made different errors on helicopter, bridge, elephant and
umbrella. Pearson’s correlations confirmed that children made more inconsistent errors
when saying words with more phonemes (r = 0.5062, p <0.01); and more syllables and
clusters (r = 0.5445, p <0.01), but there was no effect of word frequency (r = —0.1208,
p=0.565).

Types of errors associated with inconsistent word production

Qualitative analyses of phoneme changes in inconsistently produced words might provide
insight into children’s word production strategies or identify speech processing deficits. The
280 items produced with different errors across productions were analysed. Four types of
inconsistency were identified (see Table 5).

(1) Alternative developmental error patterns (e.g. fish [pit, fit, p1s]) accounted for 58
(21%) of words said with different errors. Children produced a mean of 2.7 target
words (SD 1.7, range 0-5) where inconsistency reflected the use of different typical
developmental error patterns.

(2) Atypical errors previously reported as markers for SSD contributed 69 (25%) of
children’s different errors (M = 3.1, SD 1.6, range 0-6). The atypical error was usually
only evident in one of a target word’s productions. Three patterns identified affected
consonants: backing (e.g. jump [k:amp, damp]); affrication (e.g. shark [tfak, sak]);
and initial consonant deletion (e.g. thankyou [etu, tetu]). Fifteen vowel errors,
alone, led to inconsistency (e.g. fish [fais, fas, fis]; five [far, fi]). Other inconsistently
said words also had vowel errors as 18% of all vowels were in error (see PVC,
Table 2).

(3) Default speech sound substitutions, implemented inconsistently, contributed 64
(23%) of different errors made by 18 children (M = 2.9, SD 3.2 range 0-15). For
example, one child marked most syllable initial consonants with [h] (dinosaur
[hamoho, hathoho]; cake [her, neik, heik]); final consonants were often deleted but
sometimes marked (witch [hit, hi]; zebra [hiha, hebhe]). Other children showed
a more limited default sound use: [w] for initial fricatives (sheep [wip]; fish [wis]
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scissors [wisaz]); and default word endings (chips [fipia, peefia], witch [wis, wris];
bridge [br, bik], chips [tik ti]). Syllable final consonants were deleted by 14 children.
Only eight marked all final consonants, often using different errors (teeth: [tis, tits,
tit]), Final consonants were often deleted in one production but marked in others
(fish: [f1, vif, 1t]).

Word structure sequencing errors

The remaining 89 (32%) of words with different errors could not be assigned to any of the
above categories. However, productions often reflected the target’s phonemes, syllables, or
word structure: e.g. birthday cake [be:adi di, ker:a:bsdi] (syllable metathesis); elephant
[etaton, elo, fa] (one production captured word structure, while the other two captured
sounds in syllables); [eli:et, elontot, eler:et] (initial and final sounds marked). Data in
Table 5 suggest that length and types of syllable shape affect phoneme selection and
sequencing; errors rarely break phonological constraints of the target system (only one
exception [bvidz] bridge); and that repeated productions show knowledge of different
aspects of a word’s phonological structure (e.g. [k:aeiot] [paitt] [paewit] parrot).

Data from children with typical development (reported in Holm et al.,, 2022, see
Appendix 3 for summary of methodology and word classification) and IPD were
compared, revealing differing quantitative and qualitative profiles (see Table 6). While
the TD study sampled 15 words twice, rather than 25 words three times, its quantitative
findings fit with previous research (see Table 1). A chi-square test found that there was
a statistically significant difference between TD and IPD children’s proportions of words

Table 5. Children with IPD: Examples of individual children’s inconsistent productions.

wis wif witch brd3z bid bidz bridge taenkju saenkju thankyou
Different word productions associated with developmental errors

damp tamp jump sis brs fis fish Apwewa bews umbrella

ti si sheep paib par five slipi sipli slippery

tif tis teeth dam dap da jump keenwu keenawu kangaroo
[ips sips chips darso damnouzo dinosaur teenawu tenaiu kangaroo
*Different word productions associated with atypical errors

tis tits tit teeth @nku jenkju thankyou k:amp damf koamp jump
tfa fa shark erdibod aedbod ladybird kan dan tongue

dzar dar slide odo pards hards spider far aid five

fud fur bridge paewat teat ot parrot k:aexat paxt paewrt parrot
tfip sip sheep @ ju ae:u @nkju thankyou Aanbe ambe:o umbrella
Different productions associated with default errors: sounds, word endings, word forms

warv faiz waiz five ka ta ti:a tongue zeQd zezo zebra

wisoz kwidal scissors ba:io bibai umbrella warbo waibobo ladybeetle
sleva leva zeva zebra kaia taio tai umbrella hamp pamp jump

viz vidz bvidz bridge febio fwebi zebra haenhu haenhuhu kangaroo
Different productions due to phoneme sequencing and word structure errors

br if far fish amgeba ambeba umbrella ezpant elont elon elephant
b biz bi bridge hamwodo vnwelo umbrella ebapot ebuprt elabet elephant
zeba deza zeda zebra jurerja 1eija bieja umbrella eli:et elontot eleret elephant
slifi sifi sipfi slippery Amianbi ambiwela umbrella enopa &l enali elephant
fard hard tiar slide pipihaid pisisaid slippery slide b3piz i b3sbiz birthday cake

be:adi di ker:o:badi birthday cake
*See also Appendix 2.
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Table 6. Percentage scores: Comparison of TD and IPD children’s quantitative and qualitative consistency
of word production.

Typical Development Inconsistent Phonology
N=96* N=22

Measures Age: 3;2-5;0 Age: 3;1-5;6
Percent words produced consistently 81.7 434
Percent correct 58.8 5.2
Percent same error 229 38.2
Percent words produced inconsistently 18.3 56.6
Percent one right/one wrong 8.7 4.8
Different errors 9.6 51.8
Qualitative analysis of errors in words pronounced inconsistently
Alternative developmental errors 56 20.7
Recognised atypical errors (including vowel errors alone) 21 (0.6) 24.6 (5.4)
Default substitutions 0 23
Word structure errors 21.6 32

*from Holm et al. (2022).

pronounced correctly across trials with words pronounced with different errors
(X2(2):73.53, p<0.001). The TD children most frequently produced both words
correctly, while children with IPD most often made different errors. Comparison of
the most frequently used category of error associated with inconsistency was also
significant (x°(2) = 13.48, p <0.001). TD children’s inconsistency mainly resulted from
alternative developmental errors, while children with IPD most often made word
structure errors. None of the TD children produced default speech sounds, while 23%
of the IPD group’s errors fell in this category.

Discussion

This paper explored data from 22 children with IPD who made inconsistent errors despite
having no segmental or suprasegmental signs of CAS. When naming 25 pictures on three trials,
more than half the words had different errors. Few words were produced correctly across trials,
so most words said consistently had the same error. Over 50% of phoneme errors were
developmental (i.e. age appropriate or delayed). Words with more phonemes, syllables and
consonant clusters were vulnerable to inconsistency. Qualitative analyses of inconsistent errors
categorised 55% of target words pronounced with different errors as having default substitutions
or word structure errors, reflecting inaccurate phoneme sequencing. Quantitative and
qualitative performance profiles of TD children (Holm et al., 2022) and children with IPD
differed. The findings are discussed in terms of the research questions posed.

Proportions of words pronounced the same and differently

The IPD sample said 5% of words consistently correctly and 38% with the same error. Only
5% of words were correct in some trials but in error on others, while 52% had different
errors. Mean inconsistency (57%) scores replicated previous studies of IPD for English
(51-62%: Bradford-Heit & Dodd, 1998; Crosbie et al., 2005; McNeill et al., 2022) and other
languages (e.g. Mandarin, 58%: Hua & Dodd, 2000; Korean, 68%: Pi & Ha, 2020). Low mean
PCC scores (range 30-57%) reported by these studies fit with the current participants’ mean
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PCC of 42.3% and 2.4 errors per word. This profile differs from TD children’s performance
means: inconsistency 9.2%; PCC 90 (range 85-93); errors per word 1.8 (Holm et al., 2022).

High inconsistency, low PCC and multiple errors per word often make children’s speech
unintelligible. Furthermore, children identified with IPD at 4 years have persistent speech
difficulties at 7 years (Morgan et al., 2017). McNeill et al. (2022) followed-up 39 children
with IPD five times over two years and found that intervention led to little change in
consistency or accuracy. The identification and treatment of children with IPD is, then,
challenging. Information from qualitative measures of inconsistency might better support
these children’s clinical management by allowing more reliable identification of subgroups
of SSD and better understanding of their phonological strengths and weaknesses.

Proportions of error types for words said the same and differently

Although more atypical errors were made in words said inconsistently than consistently, most
IPD speech errors (56%) reflected typical phonological development. Clinically, if preschool
children’s speech errors are often developmental, they may be considered a low priority for
intervention. It might also explain why therapy would target error patterns (e.g. final
consonant deletion) or speech sound articulation, especially if consistency had not been assessed
and identified as an issue. Theoretically, developmental errors demonstrate that children with
IPD are aware of the contrasts and constraints of their phonological system, suggesting that their
phonological representations of words are largely intact (Crosbie et al., 2005).

This conclusion fits with previous research indicating that children with IPD often have
phonological awareness abilities within the normal range and better than those of most
other children with SSD on tasks assessing detection of phonological legality, rhyme,
alliteration, and phoneme deletion. For example, many children with IPD acquire
age-appropriate reading comprehension and sound-letter correspondence (Dodd et al.,
1995) although spelling is at risk (Holm et al., 2008). They also outperform others with
SSD on executive function tasks (rule derivation and cognitive flexibility) that underpin
phonological learning (Crosbie et al., 2009). Most importantly, intervention targeting
phonological planning skills, by teaching production of a core vocabulary of 70 words,
leads to generalisation of consistency and better accuracy in untreated words (Crosbie et al.,
2021). Furthermore, therapy focusing on phonological planning has been shown to be more
effective than intervention focusing on rule abstraction of phonological contrasts (Crosbie
et al., 2005). These outcomes require intact phonological representations of words,
suggesting that the deficit causing IPD affects post-lexical processing: the ability to assemble
a phonological plan for speech output.

Target word characteristics and consistency of production

For TD children, words with more syllables and consonant clusters are at risk for
inconsistency (Holm et al., 2022; Macrae, 2013) and high-frequency words are said more
accurately and consistently (Sosa & Stoel-Gammon, 2012). This study of children with IPD
found that the number of phonemes in a word, and syllables with clusters, posed a greater
risk to consistent production than low frequency of occurrence. This may be due to target
word choice of high-frequency words, many of which are multisyllabic (see Table 3).
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Types of phoneme changes when words are said differently

Holm et al. (2022) categorised 96 TD children’s 143 inconsistent errors into three
categories: alternate developmental errors (56%, frog [fbg, fwog]); atypical patterns (21%,
screwdriver [sudiaive, sugarve]); and word structure errors attributed to poor planning of
the sequence of phonemes in words (22%, octopus [pptekupus, pptekus]). In contrast, 22
children with IPD made 280 inconsistent errors categorised as follows: alternate
developmental errors (21%); atypical patterns (25%) and word structure/phoneme sequencing
errors (32%). An additional error category, not apparent in TD children’s speech, was default
sound substitutions (23%, see Table 5). Three error categories giving rise to inconsistency
were then shared between the two groups, although the proportion of errors in categories
varied (see Table 6).

Alternate developmental errors reflect knowledge of the contrasts and constraints of the
phonological system being acquired. Since children with IPD often have intact phonological
awareness skills (Dodd et al., 1995), the finding that they made many fewer alternate
developmental errors than the TD group seems odd. It can, however, be explained if the deficit
giving rise to inconsistency, is post-lexical phonological planning. While the proportion of
inconsistencies due to atypical errors was similar for the two groups, vowel errors contributed
more of the IPD group’s atypical errors reflecting their low PVC score. Their vowel errors might
reflect a focus on consonant selection or default vowel word endings (see Table 5).

The IPD group’s high proportion of word structure and phoneme sequencing errors is
consistent with a hypothesised deficit in phonological planning. For example, repeated
productions of a lexical item often reflected different aspects of a word’s phonological
structure (e.g. elephant [etotan, elo, fa]; helicopter [hanadplats, helitopts]). These are not
random errors but rather seem to be attempts to match the production plan to the adult
form. In contrast, the use of a default sound sequence may be a strategy to mark a segment
of a word, when the correct segment cannot be accessed. Both default errors and
word structure errors lead to an incorrect phonological plan for word production. When
productions of a word differ, it is important to examine each production for clues about
what aspects of the representation are included, omitted, or changed in the construction of
a phonological plan for output.

Evidence that accuracy and consistency of production is promoted by intervention
cueing the order of a word’s phonemes supports that explanation (Crosbie et al., 2021).
For example, previous treatment case studies of IPD report the use of word templates as
a strategy for assembling a phonological plan for a word’s production (see McIntosh &
Dodd, 2008). For example, Dodd and Poole (2017) reported a child who had previously
deleted all syllable final consonants, began, mid-therapy, to mark them with/n/, ‘reducing
the effort involved in selecting and sequencing the correct sounds in words’ (p. 234). Default
sound substitutions were used by 81% of children with IPD, often for specified phonetic
contexts (e.g. syllable initial and word final). Such default sound substitutions were not
observed in the TD study and might provide an important marker for identification of IPD.

Limitations

Interpretation of speech errors from a small group of children with IPD, on
a limited data set, must be cautious. Although error data are symptomatic of
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impaired speech processing, deficit identification is inferential, requiring further
investigation. No previous studies, however, have qualitatively analysed inconsistent
errors of children with IPD. Future studies might compare these data to the
inconsistent errors of children diagnosed with CAS, as McNeill et al. (2022) argued
that ‘inconsistent speech errors should not be used as the sole diagnostic feature of
CAS’ (p.13). This initial attempt to qualitatively describe the inconsistent errors of
children with IPD, plus Holm et al’s (2022) study of TD children, provide
preliminary data relevant for theory and clinical management of all children making
inconsistent errors.

Conclusions: theoretical and clinical implications

Inconsistent errors pose a challenge for theory of speech development and disorder,
classifications of SSD subgroups and intervention practice. For example, consider a child
who spontaneously says helicopter as [helikppte, hedipppo, helippto] in three separate
picture naming trials in one assessment session and yet has adequate speech perception,
motor-speech and cognitive-linguistic abilities. How can such inconsistency, affecting more
than half the words the child produces, be explained? Levelt et al.’s (1999) speech output
model can account for paediatric IPD: it includes a linguistic stage for planning the
sequence of words’ phonemes that is separate from a second stage that encodes phonetic
motor-speech gestures for word production (Laganaro, 2019). The major clinical
implication of the quantitative and qualitative profiles reported is that children with IPD
differ from those of TD children (Holm et al., 2022), and require specific assessment
protocols and intervention, described by Crosbie et al. (2021).
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Appendix 1. DEAP normative data* (Dodd et al., 2002): speech sounds
articulated at least once, and phonological error patterns used in = 5 different
lexical items by = 10% of children in each age group.

Age All sounds articulated except Acceptable error patterns

3,0-3;5 /f31d3601/ Gliding Cluster reduction
Deafffrication Weak syllable deletion
Fronting Stopping

3;6-3;11 /[3d30801 Gliding Cluster reduction
Deafffrication Fronting Weak syllable deletion

4;,0-4;11 /[0 Gliding Deafffrication
Reduction of three element clusters

5,0-5;11 /6061 Gliding

6;0-6;11 /8.8/ None

*Based on 860 participants aged 2;0-6;11, stratified for gender, socio-economic status and 10 urban and rural geographical
areas in UK and Australia.

Examples:

e Gliding: rain [wem]; light [jart]; Deafffrication: watch [wof], [wp's]

e Fronting velars: kangaroo [teendaiu]; Fronting fricatives: sheep [sip], three [fIi]

e Cluster reduction: spider [paida], train [tein], elephant [elefon], umbrella [ambaiela], splash [peef],
square [kwea], strawberries [tobeiiz]

e Weak syllable deletion elephant [efont], helicopter [hetkppto]; umbrella [biela]

e Stopping: gloves [glabz], teeth [tit], five [paiv], zebra [debra], house [havt].

Note: Atypical patterns, used by <10% of normative sample in any age group that were identified in the
IPD data were as follows: syllable initial consonant deletion; affrication of fricatives and clusters, and
backing.

Appendix 2. Default sound sequences from 18 children with IPD, number of
target words affected and examples.

Default Sound Sequences Frequency Examples

[w] for WI fricatives 6 fish [wis|, scissors [wisaz], zebra [weba], sheep [wipl, shark [wat]

[d] marker for SI consonant 1 shark [da], parrot [paedi], hoover [duds], you [du], fish [d1]

[stops] mark glides and WI 1 scissors [kidad], helicopter [hebikopta], slide [kaid], shark [gat] you [ku]

fricatives

Words end with vowel cluster [12] 1 scissors [krial, ladybird [weribis], witch [wris], zebra [febia] cockatoo
[koutua]

[j+vowel] marks last syllable 6 parrot [paejs], jump [souj3], hoover [hujs], umbrella [jamberja], helicopter
[helikorja]

[h] SI substitute 23 scissors [hitt], witch [hit], five [haid], tongue [han], vacuum [haetju],

[f, vl marks stops in clusters 7 umbrella [anvalo]; zebra [leva]; bridge [vidz], slippery [slifi]

[h] clusters and fricatives 8 shark [hak], slide [haid], five [hawv], fish [hif], sheep [hip], spider [haido]

Syllable reduplication 5 zebra [beba], fish [fifi], helicopter [totpta], brella [wews), elephant [jejo]

[k/g] for WF cons 1 boat [boug], jump [dak], bridge [bik], teeth [tik], chips [tik]

Glides marked by [t] 5 parrot [peeta], elephant [etofon], umbrella [Ambs3tou], slide [ta1],helicopter
[hetitppta],

(Continued)
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(Continued).

Default Sound Sequences Frequency Examples

[d] to mark intervocalic consonants 6 zebra [zedA], parrot [paedat], umbrella [Abedal, helicopter [h0252dokota],
yellow [ledov]

[w] marks WI fricatives 9 zebra [wiba], shark [wa:?], slide [wei], scissors [wr1], chips [wip],

[d] to mark WI SIWW consonants 10 zebra [dedws], elephant [adent], helicopter [delidota], fish [di], sheep [di]

[d] to mark SIWW consonants 9 zebra [edAl, parrot [paedat], kangaroo [aedu], elephant [edit], umbrella
[abada]

[n] marks/l/ 7 lady [ne1di], light [nart] helicopter [henadpta], umbrella [aAbanal, yellow
[enou]

[t/d] mark fricatives/clusters 6 fishing [d1ti], elephant [eloda], hoover [huds], dinosaur [dardido] jump
[wod]

Syllables deleted/marked by vowel 9 thankyou [ee:ul, helicopter [e:i:n:3], elephant [e:¢:€], ladybird [deibs],

umbrella [1g]

Appendix 3. Typically developing children’s inconsistent errors (from Holm et al.,
2022).

Summary of methodology

There were 96 participants aged 30-60 months, half female, who participated in a large
normative study of speech development currently being conducted in Australia. They
attended nine childcare centres or schools selected to provide a sample stratified for socio-
economic status (SES) based on data from the Australian Bureau of Statistics. In one task,
they named 15 pictures twice, in separate trials, to measure the consistency of word produc-
tion. Words selected had been error prone in pilot trials. The mean number of words
produced with different errors was 10% of 1440 words named twice. Of these 143 words,
56% were classified as being due to alternate developmental errors (see Appendix 1 for
developmental error criteria) and 22% involved at least one atypical error (error patterns
not apparent in 10% of normative data at any age: in this sample restricted to initial
consonant deletion; backing; affrication and frication of other consonants/clusters; and,
vowel errors). The remaining 31 errors (22%) were characterised by word structure sequen-
cing errors. The mean point-to-point reliability was 95.05% (SD 3.7, confidence interval
+2.3%) for transcription reliability and error classification was checked and agreed by
authors. All words produced with different errors are in the list below.

Data for typically developing children across four age groups (36-60 months): All
occurrences of both words in error

36-42 months: 56 words with different error forms from n =24 children

Differences between word pairs due to developmental errors: 30/56 = 54%

fwo fwog baekju:mki:na baekju:mkli:no *skrma:daevo sku:diaevo
109 frok vaekra:mkli:ne veegra:mkli:no skwu:diaevo sku:diaeve
bog fog baekju:kli:no baeke:kli:no st:digevo smiiaevo

flog fwog lenboks lenbots skwu:dwaevo skwu:diaevs
s10:beli:z sio:beii: lempoks lempok fwinkal fwinkslz
sto:bewi:z do:bewi:z lenboks lentboks bikalz binkalz

sto:bi:z stio:bi:z lenboks lebok ankal sunkal

so:bewi:z do:bewi:z fi: tfi: keera: keeww:

(Continued)
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(Continued).

tro:bai: do:bwi:z efont elafon
sto:bewi:z stio:bewi:z kwaeod kwaeo:

Differences in word pairs involving an atypical error: 11/56 = 20%

*st10:bwi:z fo:bii:z tfo:bui: sto:bewi:

tfo:bii: sto:bewi: pamnkalz funkalz

stio:bi:z g1o:bi:z fwinkoalz kwinkoalz

tfo:bii:z fro:bii:z

Differences in word pairs due to syllable and word structure errors: 15/56 = 27%
&psapus optapus spanka:s spwinkuos
otopuspus otopus spwinkouza pwinkow
opapus optopus baeju:ti:ma baekjw:mti:na
keengru: kenju: biaekju:ki:no baekju:mki:no
eflont efont du:diaevo nu:diaefo

43-48 months: 38 words with different error forms from n =24 children

Differences between word pairs due to developmental errors: 23/38 = 61%

*fog fwog ska:diaevo m:daeva
*efont ewafont stu:digevo stru:diqevs
paes plas sta:daevs dw:daeva
baes baef trobwi: tiobiiz

splaes spaes stiobewi:z stwobewi:z
jentfboks jentboks wobewi:z stobewi:z

lensboks leboks baekju:mkwi:na beekju:mtwi:no

Differences in word pairs due to atypical errors: 8/38 =21%
sobi:z tfobui:z baegu:gi:ns veegju:ngi:no
pjobuii:z sjobii:z gaekju:mki:na baekju:ki:no

fa:faevs fa:daevo spaigolz spinalz

Differences in word pairs due to syllable and word structure errors: 7/38 = 18%
hewi:tokta hewi:toto fw:dxaevo dzu:d3aevs

hoktotelo hetoatokto spwaes Gppwaes

@zokopto hewakopta

49-54 months: 21 words with different error forms from n =24 children

Differences between word pairs due to developmental errors: 10/21 = 48%
wentfbok wenffboks teengaww: kaengawu:

spaef spwaef pakww:mti:no fetwa:mtli:na
spwaef spwaes waekju:mkli:no waekju:mkwi:na
stiobewi:z stobewi:z

Differences in word pairs due to atypical errors: 6/21 = 29%

kwaeos kwaeodz daekjw:mtli:na leetjwm tli:no
heji:tota eji:dota sinkalz sr:alz

Differences in word pairs due to syllable and word structure errors: 5/21 = 24%
optapus heli:puts kwaepu:kwi:na kwaenka:nkwi:ma
kojokowa koka tiobi:bewi:z bwowi:z

55-60 months: 28 words with different error forms from n =24 children

Differences between word pairs due to developmental errors: 17/28 = 61%

*fog fwog ska:taeo skma:taeo
spwinkal spinkol wit wits
*spinkolz spwinkalz splaes pleef

sleef tleef

flaef flaes
kr:dxaevs km:giaevs
fru:diqevs fra:dige:s

hotokota holikota
heli:kofta heli:kokta
ejetokwa ewi:tokta
hewakota hewaklota
hepotokto hokdotelo

binkalz pinkslz
pankoalz spimngslz
pmkalz pankalz
fodi: fiodi:

klaeos kaeos
heli:toto hedoto
heli:kokta heli:tokto

lizp sizp
wits wif

pwinkalz patfinkalz
pamkalz dpwinkslz

ska:diaeva ska:biaebs
sta:diqeva sku:diqevo
painkalz bwinkalz

kra:zdiaes km:zgiaezo
sw:diqevs swgaevo

a2onsant aeosant

sku:diqevo stu:daevo
helkoto helikoto
teengowu: kaengoju:

(Continued)
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(Continued).

stiobewi:z sobebi:z klaeo kwaeo

Jrobewi:z fobewi:z ewobon ewopon
Differences between word pairs due to atypical errors: 7/28 = 25%
Jobewi:z stobewi:z skw:saevo ska:zaevo
stabeui: stobeui: ska:diaevo fu:diaevo

owickoto hewoakoto

Differences in word pairs due to word and syllable structure errors: 4/28 = 14%

optokupus optokus skimgal skaskial
opu: opaput

baekju:kli:no baekju:ki:no
helokopa heloko:a

finkolz swinkolz
feg fog

baekju:pio veekju:vi:

*2 examples.
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