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Highlights 

• Analysis of speech samples from a prospective population study 

• Three sample types considered: single word, connected speech and nonword 

repetition 

• Analysis of percentage of consonants correct (PCC), percentage of vowels correct 

(PVC), substitutions/omissions/distortions/additions (SODA), and syllable level 

measures 

• Comparison with Shriberg et al. (1997) lifespan database 

• Single word sample provided useful and efficient data supplemented by connected 

speech 

 

Learning outcomes 

The reader will learn about the methods used to identify speech characteristics in a 

large scale population study. They will understand how measures of speech accuracy 

in connected speech compare with the Shriberg et al. (1997) lifespan database. The 

reader will also acquire information on how typically and atypically developing 

children differ on a range of measures across different types of speech sample.   

 



Speech characteristics of 8-year-old children: Findings from a prospective population study 

 

Abstract 

Speech disorder that continues into middle childhood is rarely studied compared with speech 

disorder in the early years. Speech production in single words, connected speech and nonword 

repetition was assessed for 7,390 8-year-old children within the Avon Longitudinal Study of 

Parents and Children (ALSPAC). The majority (n=6,399) had typical speech and 50 of these 

children served as controls. The remainder were categorised as using common clinical 

distortions only (CCD, n=582) or speech difficulties (SDiff, n=409).  The samples from the 

CCD children were not analysed further. Speech samples from the SDiff and the control 

children were transcribed and analysed in terms of percentage consonants correct, error type 

and syllable structure. Findings were compared with those from children in the Shriberg et al. 

(1997) lifespan database (n=25). The 8-year-old children from ALSPAC in the SDiff and 

control groups achieved similar speech accuracy scores to the 8-year-old children in the 

lifespan database. The SDiff group had consistently lower scores than the ALSPAC control 

group, with the following measures most clearly differentiating the groups: single word task 

(percentage of substitutions and distortions), connected speech task (percentage of vowels 

correct PVC, percentage of omission of singletons and entire clusters, and stress pattern 

matches), nonword repetition task (PVC, percentage of entire clusters omitted, percentage of 

distortions, and percentage of stress pattern matches). Connected speech and nonword 

samples provide useful supplementary data for identifying older children with atypical 

speech. 

Keywords: Persistent speech disorder, population study, epidemiology, speech, ALSPAC, 

articulation, phonology 



1. Introduction 

Speech sound disorder is most commonly used to describe an interruption in the 

typical development of speech in young children. Increasingly however, it has been 

recognised that difficulties can persist beyond the early years and into older childhood. This is 

evident from recent studies that have investigated samples of children with persistent speech 

disorder (PSD) (Clark, Harris, Jollef, Price & Neville,  2010; Goozee, Murdoch, Ozanne, 

Cheng, Hill & Gibbon, 2007; McGrath, Hutaff-Lee, Scott, Boada & Shriberg, 2008; Peterson, 

Pennington, Shriberg & Boada, 2009; Shriberg, Potter & Strand, 2011). Yet population data 

on the speech characteristics of children beyond the age when speech acquisition is generally 

considered to be complete is lacking. This paper considers the current evidence base for 

children of this age and goes on to report the findings of speech samples from a large scale 

population study of 8-year-old children.  

Persistent speech disorder has been defined as speech disorder which continues 

beyond the age of typical speech acquisition (Wren, Roulstone & Miller, 2012). Whilst a 

definitive cut off age for the definition of PSD has not been agreed, it has generally been 

applied to children of approximately age 8 and above. This is logical given that speech 

acquisition is generally considered to be complete by this age (Dodd, Holm, Hua & Crosbie, 

2003; James, 2001; Smit, 1993a, 1993b). Moreover, Shriberg, Fourakis, Hall, Karlsson, 

Lohmeier, McSweeny et al. (2010) justify a cut off between age 8 and 9 on the basis that 

children whose speech disorder continues beyond this age are small in number but more at 

risk for long term persistence and associated sequelae, sometimes into adulthood.  

Most standardized assessments of speech which extend to age 8 and beyond, sample 

single words only (Bankson & Bernthal, 2000; Fudala & Reynolds, 2000; Hodson, 2004; 

Masterson & Bernhardt, 2001). Yet a number of studies have highlighted the important 

contribution of connected speech in the assessment of children’s speech (Barnes, Roberts, 

Long, Martin, Berni, Mandulak et al., 2009; Howard, 2004; Klein & Liu-Shea, 2009; 



McLeod, Hand, Rosenthal & Hayes, 1994; Morrison & Shriberg, 1992). Some of the 

published assessments of speech provide an opportunity to sample connected speech. 

However, where sounds are sampled in sentences, either limited or no normative data are 

provided (Dodd, Hua, Crosbie, Holm & Ozanne, 2006; Goldman & Fristoe, 2000) or samples 

are obtained through imitation rather than spontaneous production (Lowe, 2000; Secord, 

Donohue & Johnson, 2002).  

In addition to single word and connected speech production, both clinicians and 

researchers are increasingly considering performance on nonword repetition tasks in their 

profiling of children (Archibald & Gathercole, 2006). Seen as an indicator for phonological 

short term memory ability, nonword repetition has been identified as a possible marker for 

specific language impairment (Archibald, 2008; Bishop, North & Donlon, 1996; Gathercole 

& Baddeley, 1990; Jones, Tamburelli, Watson, Gobet, Pine, 2010), speech processing deficits 

(Shriberg, Lohmeier, Strand & Jakielski, 2012; Stackhouse & Wells, 1997) and dyslexia 

(Gathercole, Willis, Baddeley & Emslie, 1994; Melby-Lervag & Lervag, 2012).  

While normative data on single word production for children of this age are available 

(Chirlian & Sharpley, 1982; Craig, Thompson, Washington & Potter, 2003; Haynes & Moran, 

1989; Kilminster & Laird, 1978; McLeod & Arciuli, 2009; Roberts, Burchinal & Footo, 1990; 

Smit, Hand, Freilinger, Bernthal & Bird, 1990), to date there have been no studies which have 

provided population data for older children across different sample types. Moreover, studies 

of PSD have typically used small clinical samples rather than reference to a normative 

dataset. These small clinical samples were identified either through referral to speech-

language pathology services (Lewis, Freebairn, Hansen, Stein, Shriberg, Iyengar et al., 2006; 

Pascoe, Stackhouse & Wells, 2005), identification of speech sound disorder when younger 

(Goozee et al., 2007; Kenney, Barac-Cikoja, Finnegan, Jeffries & Ludlow, 2006; Lewis, 

Freebairn, Hansen, Iyengar & Taylor, 2004; Lewis & Freebairn, 1992) or presence of a co-

morbid condition (Clark et al., 2010; Gibbon, McNeill, Wood & Watson, 2003; Shriberg, 

Potter & Strand, 2011).  



Tomblin (2010) highlights the limitations of studies based solely on clinical samples 

and advocates for the use of population sampling methods. Clinically identified samples make 

a presupposition that all individuals with a particular disorder have been identified by clinical 

services or assessment. However, this may not be the case as McLeod, Harrison, McAllister 

and McCormack (2012) discovered in their study of speech sound disorders in a community 

sample. This can lead to bias affecting results and subsequent interpretations. Indeed in his 

investigation of pre-literacy skills in children with speech sound disorder, Tomblin (2010) 

found that data from a population sample did not replicate the findings of those using clinical 

samples. Rather, Tomblin proposes that research questions which focus on the characteristics 

of certain groups of individuals require an epidemiological (population-based) approach.   

While population data are available for nonword repetition (Bishop, Adams & 

Norbury, 2004; Lingam, Golding, Jongmans, Ellis, Hunt & Emond, 2010; Weismer, Tomblin, 

Zhang, Buckwalter, Chynoweth & Jones, 2000), these have previously been linked to 

performance on language, literacy or coordination skills rather than speech production more 

generally. Data on the spontaneous production of connected speech are available from the 

lifespan database collected by Shriberg, Austin, Lewis, McSweeny and Wilson, (1997). 

However, whilst data from 836 individuals are included in the lifespan database, only 25 of 

these were aged 8-years-old at the time of data collection. These 8-year-old children were 

further classified as: 14 who had normal or normalized speech acquisition (NSA); three with 

normalized speech acquisition/speech delay (NSA/SD) (i.e. children showing age 

inappropriate omission or substitution errors on only one or two sounds); one with speech 

delay; and seven whose error patterns were limited to common clinical distortions (CCD). 

(Common clinical distortions are listed in Shriberg, 1993 as labialized or velarized /l/ or /ɹ/, 

derhoticised /ɹ/, and lateralized or dentalized sibilants). The authors of the Shriberg et al. 

(1997) lifespan database highlight the importance of considering the database as reference 

data rather than normative data because of the limitations imposed by demographic 

constraints and epidemiological considerations given the method of sample selection. 



Consequently, consideration of a larger population study of 8-year-old children will enable 

greater understanding of children whose speech disorder persists beyond the age of typical 

speech acquisition. 

The Avon Longitudinal Study of Parents and Children (ALSPAC) is a large population 

study of the health and development of over 14,000 children living in the city of Bristol and 

the surrounding area in the UK. ALSPAC provided a unique opportunity to analyse data on a 

variety of speech samples in 8-year-old children across a range of abilities. The current 

investigation presents a retrospective analysis of existing data from the ALSPAC study to 

provide information about 8-year-olds’ speech. Building on the work carried out by Shriberg 

and his team on the lifespan database, the current study sought to investigate whether similar 

patterns of performance in speech accuracy were seen in a population sample. Specifically, 

this study aimed to address the following questions: 

a. How do measures of speech accuracy (percentage of consonants correct, PCC and 

percentage of vowels correct, PVC) in connected speech samples from 8-year-old 

children who are typically and atypically developing compare with those in the 

Shriberg et al. (1997) lifespan database? 

b. How do typically and atypically developing children differ on measures of speech 

accuracy, substitution, omission, distortion, addition (SODA) analysis and syllable 

level measures across different sample types (single word vs. connected speech vs. 

nonwords)?  

  

2. Method 

2.1 The Avon Longitudinal Study of Parents and Children (ALSPAC) 

The data for this study were taken from a large scale prospective population study of 

pregnancy, child health and development known as the Avon Longitudinal Study of Parents 

and Children (ALSPAC). During 1991 and 1992, 14,541 mothers enrolled in ALSPAC as 



they registered their pregnancy within the geographical area then known as Avon in the 

southwest of the UK. From these women’s pregnancies, 14,676 babies were born and 13,988 

children were alive at one year after birth, which included multiple births. At age 7, an 

additional 548 children were recruited to the study. These were all children who would have 

been eligible from birth but whose mothers had not previously been recruited. At age 8 

children attended the Focus at 8 clinic where a 20 minute direct assessment of speech and 

language skills was conducted. Ethical approval for the study was obtained from the 

ALSPAC Law and Ethics Committee and the local research ethics committees. 

2.2 Participants 

Participants were 7,390 8-year-old children within the ALSPAC study, with a specific 

focus on children who were identified with speech difficulties (SDiff) and a control group of 

typically developing children. The derivation of the participant sample is illustrated in figure 

1 and occurred as follows. All children still eligible1 within the ALSPAC cohort were invited 

to the Focus at 8 clinic and 7,488 children attended. The reasons children did not attend were 

because they did not respond to the invitation, because they responded but refused to attend, 

or because they did not attend appointments that had been made for them. Of those children 

who attended the Focus at 8 clinic, speech and language assessment data were available for 

7,390 children, (i.e. 97 children attended the clinic but did not complete the speech and 

language assessment and one child had missing data).  

The mean age of children attending the clinic was 103.8 months (SD 3.92). Just over 

half of the children were boys (50.1%). The ethnicity of the majority of children was recorded 

as white (96.1%) and 99.6% of parents reported that English was their main language at 

home. While all expectant mothers in the region had been invited to participate in the study 

leading to a range of socio-economic status within the sample as a whole, those who attended 

                                                           
1 Children were eligible if they were still alive, their address was recorded as known, and they had not 
refused to participate. 



the Focus at 8 clinic were more likely to own their own homes compared to non-attendees 

(83.3% versus 61.2%) and the mothers were more likely to have continued education to at 

least age 18 (43.3% versus 24.9%) suggesting a bias towards a higher socio-economic status 

in the attendees.  

Two groups of children from the Focus of 8 clinic are described in the current study: 

children exhibiting speech difficulties (SDiff) (n =409, 5.5%) and a control group comprising 

50 of the 6,399 typically developing children. The remaining children used error patterns 

which were exclusively common clinical distortions (CCD, n=582, 7.9%) and were not 

considered further in the present study. The derivation of these groups is described below in 

2.3. The SDiff group consisted of 261 males and 143 females. Data on gender were missing 

for five children. The control group consisted of 25 males and 25 females.  

[figure 1 about here] 

2.3 Procedure 

During the Focus at 8 clinic, the children were assessed over half a day on a range of 

medical, social, cognitive, and language measures including measures of lung function, 

behaviour, self esteem, attention, friendships, and locus of control. The speech and language 

assessment lasted 20 minutes. Children’s receptive and expressive language functioning was 

assessed on the Weschler Objective Language Dimensions (WOLD, Rust, 1996). Within 

ALSPAC, at the age of 8 years, no specific assessment of phonology was undertaken. 

However, the sessions were recorded digitally and captured all the children’s output in 

response to the WOLD and to the nonword repetition task. These tasks resulted in three types 

of samples which were used to create the speech data for this study: (i) a single word sample 

from a confrontation naming task which was elicited as part of the expressive vocabulary task 

(see Appendix A).  This was not a phonemically balanced word list as its use was designed to 

provide a measure of expressive vocabulary. (ii) a connected speech sample arising from 

three picture description activities. First, a picture was shown to the child who was asked to 



describe the scene, as if to someone who was not present and so could not see the picture. 

Second, the child was shown a map and asked to give directions from one location to another, 

using the shortest route possible. Third, children were asked to explain the steps involved in a 

sequential task of putting batteries into a flashlight (torch) using pictures to help. (iii) a 

nonword repetition sample, gathered when the children were assessed,  using an adaptation of 

the Children’s Test of Nonword Repetition (CNRep, Gathercole & Baddeley, 1996). This task 

comprised twelve nonsense words, four each of 3, 4 and 5 syllables, all conforming to English 

rules for sound combinations (see Appendix B). The child was asked to listen to each 

nonword via an audio cassette recorder and then repeat each item. The repetition attempt was 

scored as correct if there was no phonological deviation from the target form. Responses to all 

test items were recorded onto mini-disc. 

There were 15 different assessors, with 3 assessors seeing over 60 percent of the 

children. The assessors were mostly speech-language pathologists SLPs (who carried out 

85.9% of assessments). Psychologists were also used when SLPs were unavailable. SLPs 

were all British English native speakers and all qualified in the UK. A protocol for the speech 

and language assessment was piloted prior to the Focus at 8 clinic. Assessors were trained on 

this protocol and subsequently used it throughout the clinics. During the assessment, the 

assessors were asked to identify children whose speech showed atypical features.  

Children were identified as having typical speech acquisition if they showed no 

observable errors other than those associated with accent variation, or isolated 

mispronunciations of a single word. The children’s accents ranged from a broad Bristol 

accent to RP. Typical features of the Bristolian accent include a tendency to add word final /l/ 

to open syllables and presence of post-vocalic /ɹ/. Further information on the Bristol accent is 

available in appendix C.  

Isolated mispronunciations were observed when children made errors which were not 

associated with any other system wide difficulty with speech production and indeed might be 



seen in typical adult conversational speech. Such errors included struggling to pronounce a 

particular word in the way that we all do from time to time, particularly in a pressured 

situation such as a formal assessment. Children who made these isolated errors also were 

classified as typically developing.   

For the purposes of the current study those with atypical features (N=991, 13.4%) 

were further classified by the first author according to whether or not the speech errors 

observed were limited to common clinical distortions (CCDs) consistent with Shriberg et al’s 

(1993) definition. Within the UK, there are differing opinions regarding the status of these 

errors but children whose errors are limited to CCDs are rarely prioritised for intervention 

within the UK National Health Service speech and language therapy provision. Moreover, 

CCDs are frequently heard in adult speech across all sections of  UK society and a range of 

accents..For this reason, those children whose difficulties were limited to CCDs were 

identified and separated for the purposes of analysis from those children with a broader range 

of errors. These two groups are subsequently referred to as the CCD (n=582) and the SDiff 

group (n=409) respectively (see figure 1). No attempt was made to subtype either group 

according to co-morbid features or etiology. 

Fifty children (25 males and 25 females) within the typically developing group were 

selected at random to act as controls. Whilst it would have been desirable to select a larger 

sample, cost and time factors limited the size.  

2.4 Speech analysis 

The speech samples of the SDiff group were transcribed using narrow phonetic 

transcription and analysed using the PROPH+ program from Computerized Profiling (CP: 

Long, Fey & Channell, 2006). Narrow transcription using the symbols and diacritics from the 

International Phonetic Association (IPA) was used to provide additional phonetic detail on the 

children’s inaccurate productions of phonemes and words and is supported in the literature as 

vital for a thorough identification of errors in speech (Ball, Müller, Klopfenstein & Rutter, 



2009). Simultaneously the 50 control speech samples were also transcribed using narrow 

phonetic transcription and analysed using PROPH+. These 50 samples were completed to 

calculate means and standard deviations on a number of measures for the sample as a whole.  

Transcribers were four qualified speech and language therapists who were blind to the 

status of the samples. Training was given in the use of the PROPH+ program and CP and a 

protocol was followed for the transcription. A measure of reliability of transcription was 

carried out whereby the samples of 48 randomly selected children were transcribed a second 

time by an alternative transcriber from the original transcription team. Cronbach’s alphas 

were calculated as 0.87 and 0.78 for two of the measures from the PROPH+ analysis (PCC 

late 8 and PCC-adjusted (PCC-A) respectively).  

The specific measures taken from the PROPH+ analysis (Long et al., 2006) and used 

in the statistical testing provided information on children’s speech in terms of percentage of 

vowels correct (PVC), percentage of consonants correct (PCC) (Shriberg et al., 1997), 

substitutions, omissions, distortions and additions (SODA)  and syllable level characteristics 

across all three sample types (single words, connected speech, and nonword repetition).  

As well as a basic PVC and PCC count, additional PCC measures (Shriberg et al., 

1997) were included in the analysis (PCC early 8, PCC middle 8, PCC late 8, PCC-revised 

(PCC-R), PCC-A, Articulation Competence Index (ACI), and PCC scores for consonant 

manner: stops, nasals, fricatives, affricates, glides, liquids, clusters, and cluster elements). 

For the SODA analysis, the percentage of substitutions of whole phonemes, 

omissions of singletons, omissions of entire clusters, omissions of cluster elements, phonetic 

distortions of typical phoneme productions, and additions of phonemes to words were 

calculated and performance on the SDiff group compared with the controls. Errors were 

classed as distortions if they represented a change to the production of a phoneme beyond 

allophonic variants associated with idiolectal variation in individuals. Following Shriberg’s 



(1993) procedures, both common and uncommon clinical distortions were transcribed using 

the diacritics available in PROPH+ (Long et al., 2006).  

Within-syllable level analyses included measures of syllable structure level (Paul & 

Jennings, 1992), percentage of word shape matches, percentage of stress pattern matches 

(Bernhardt & Stemberger, 2000) and phonological mean length of utterance (pMLU) (Ingram 

& Ingram, 2001).  

The syllable structure level categorizes each word shape as either level one (single 

vowel or voiced syllabic consonant such as [mː] or CV syllable where the consonant is either 

a glottal stop or a glide); level two (VC or CVC with a single consonant type such as two 

plosives, or CV which does not conform to level one); or level 3 (syllables with two or more 

different consonant types). The number of word shapes at each level are weighted (level 1 = 

1, level 2 = 2, level 3 = 3) and divided by the total word shapes to reach a figure for syllable 

structure level (Paul & Jennings, 1992).  

Word shape matches and stress pattern matches are reported as percentages of all 

productions in which the word shape (i.e., the CV structure of the word) and stress pattern 

produced by the speaker were identical to those of the target. pMLU is a measure of the 

complexity of the words attempted together with the degree of accuracy with which they are 

produced. It is calculated by adding the number of phonemes in all correctly produced words 

to the number of correctly produced consonants divided by the number of words produced 

correctly.  

2.5 Data availability  

Connected speech samples across both groups contained a range of word types from 

nine to 151 (M = 69 words, SD 21.16). Word tokens showed greater variability with a range 

from nine word tokens to 330 (M = 142 words, SD 61.4). All words from each sample were 

transcribed and analysed.  



Data validation checks and a subsequent scrutiny for potentially rogue and influential 

observations were performed prior to inferential analysis.  These multivariate exploratory 

analyses indicated that the data records for two children in the SDiff group were markedly 

different from all other records within this group to such an extent that their validity was not 

assured.  The magnitude of these seemingly gross errors suggested that their inclusion in 

subsequent analyses could produce misleading descriptive statistics, poor estimates of effect 

size and could adversely impact on statistical conclusions.  To preserve the quality of 

inferences the following reported results are based on the data set which does not include the 

data for these two children.  In addition, data were missing for five other children.  Any other 

missing data were deemed to be missing at random.  Accordingly the following analyses are 

based upon a maximum data set of 402 children for the SDiff group.   

A similar scrutiny of the records of the 50 control children was performed using the 

same criteria as the SDiff group.  These analyses identified questionable data for three 

children in the control group and their data are not included in the following reported 

analyses.        

In each analysis, data were available for up to the maximum number of children in 

each group (i.e. 402). However, in some cases fewer than the maximum number was included 

in the analysis (see tables 1, 4, 5 and 7). This was most commonly because some children did 

not complete all sections of the speech assessment and thus they had no data either for the 

single word (maximum N for children in SDiff group =401) or nonword repetition tasks 

(maximum N for children in SDiff group = 398).  

Numbers were further reduced in the analyses relating to PCC for specific consonant 

manner types because some were not produced by some children in one or more of the sample 

types (single words, connected speech, and nonword repetition). This was particularly 

noticeable in the PCC scores for glides in the single word naming sample and for affricates 



and glides in the nonword repetition samples as these consonants were underrepresented in 

the target sample and some children did not produce every item.  

 2.6 Statistical analyses 

The following measures analysed from connected speech tasks were used to compare 

children within the ALSPAC data and Shriberg et al. (1997) lifespan data base: PVC, PCC, 

PCC early 8, PCC middle 8, PCC late 8, PCC-A, PCC-R and ACI. Specifically, the figures 

for the ALSPAC control group were compared with the Shriberg et al. normal speech 

acquisition (NSA) group , while those for the ALSPAC SDiff group  were compared with the 

Shriberg et al. sample of children with NSA/SD . The Shriberg et al. category of NSA/SD was 

selected over the speech delay (SD) group because of its more liberal cut off criteria, thus 

reflecting the broad cut off applied for identification of the SDiff group. 

Comparison between the SDiff group and controls for mean differences was 

undertaken using the independent samples t-tests without assuming equal variances. This test 

was selected for four reasons: First, in general, independent groups that are defined using a 

pre-existing factor may naturally have different variances (see Keppel & Wickens, 2004). 

Second, the use of the independent samples t-test assuming equal variances, when the 

homoscedasticity assumption is not tenable, can produce biased results. Third, the use of the 

independent samples t-test assuming equal variances, when variances and sample sizes are 

unequal may result in an inflated risk of a Type I error (see Wilcox, Charlin, & Thompson, 

1986). Fourth, the use of the independent samples t-test without assuming equal variances, 

when used with relatively large unequal sample sizes, will produce a robust analysis 

preserving the nominal significance level of the test in the absence of an effect and will retain 

power in the presence of an effect.  

The analysis plan was to compare the two groups on each measure using the 

independent samples t-test.  This approach permitted a valid exploration of between group 

differences on carefully chosen measures with good theoretical relevance and was designed to 



identify all potentially important mean differences within the sample when judged against 

contemporary levels of statistical significance (alpha = .05).  As a consequence the p-values 

reported have not been adjusted for multiplicity of testing and number of measures. This 

analysis plan, avoiding the use of conservative Bonferroni corrections to observed levels of 

significance, is justifiable in the context of the research (see for instance Pernerger (1988) or 

Nakagawa (2004)) and additionally reports effect sizes.  

Effect size was quantified using Cohen’s d defined as the absolute difference in 

means relative to the pooled standard deviation of the two groups. Contemporary practice for 

interpreting effect sizes is to consider a value of d of 0.2 to reflect a small effect size, a value 

of 0.5 to be a medium size effect, and of 0.8 or greater to be considered a large effect (see 

Cohen, 1988). All analyses in this investigation were conducted in SPSS 18.0. 

 

3. Results 

3.1 Percentage of vowels correct (PVC) and percentage of consonants correct (PCC) 

Table 1 shows the descriptive statistics for the PVC and PCC analysis for each of the 

three sample types (i.e. single word naming, connected speech, nonword repetition). Both the 

SDiff group and the controls showed consistently better performance on measures of PVC 

and the range of PCC analysis types in the single word naming and connected speech samples 

compared with the nonword repetition task. In general, performance on the single word 

naming and connected speech tasks was comparable for these measures. The exceptions to 

this were the scores for PCC fricatives for the SDiff group where the mean for performance in 

connected speech at 82.43 (SD 15.93) was better than that for single word naming with a 

mean of 64.05 (SD 39.73). Similarly, for the control children, the mean for PCC affricates at 

99.57 (SD 2.95) was higher in the connected speech sample than in the single word sample 

(M = 87.50, SD 33.49). Across all three samples, the SDiff group showed lowest scores on 

PCC late 8, PCC fricatives, PCC affricates and PCC clusters compared with controls.  



Table 2 shows the results of independent samples t-test analysis for the PVC and PCC 

measures. The SDiff group and the controls showed similar performance in PVC scores in the 

single word samples (t=1.968, p=.053, d = .220) and ACI in the nonword repetition samples 

(t=1.373, p=.175, d= .243). All other measures across all three samples showed evidence of a 

difference between the groups. In the single word naming task, there is strong evidence that 

the children in the SDiff and control groups have different PCC scores (p< 0.001 except for 

PCC nasals, PCC affricates, PCC glides and PCC liquids where p < .05).  In connected 

speech, similar patterns were shown for PVC and PCC. With the sole exception of PCC glides 

(t=2.713, p=.007, d = .165), the level of significance was p<0.001. Similar results were 

obtained with the nonword repetition sample: all measures except the ACI were important at 

p < .001, except for PCC Early 8 with p < .005.  

 [tables 1 and 2 about here] 

Tables 3 and 4 show the comparison between the two groups of 8-year-old children 

from ALSPAC (controls vs SDiff) and the two groups of 8-year-old children in the Shriberg 

et al. (1997) lifespan database (NSA vs NSA/SD). Comparison of the two datasets showed 

that both contained more similarities than differences with almost identical ranking of 

measures for the control/NSA samples and the SDiff/ NSA/SD. The larger sample size in 

ALSPAC produced higher scores on all but one measure (PCC early 8 for the atypical groups) 

and this effect is extremely small (d = 0.08). Specifically, the typically developing children 

from ALSPAC (n = 47 controls) achieved similar results to the typically developing children 

from Shriberg et al. (n = 14 NSA) on PVC, PCC early 8, PCC middle 8, PCC-A, and ACI. 

There were three exceptions: PCC (t=3.46, p=.003, d = 1.31), PCC late 8 (t=3.6, p=.003, d = 

1.57), and PCC-R (t=3.0, p=.009, d = 1.30). That is, PCC, PCC late 8, and PCC-revised were 

higher for the ALSPAC controls than the NSA group from the Shriberg et al. (1997) lifespan 

database (see Table 3). 



The SDiff group from ALSPAC (n = 401) were unable to be compared using 

statistical analyses with the NSA/SD group from Shriberg et al. (n = 3) because the small 

sample size in the NSA/SD group made statistical analysis unfeasible. However, observation 

of the figures suggests most similarity in the PCC early 8 scores and means and SDs within a 

small range for the PVC, PCC and PCC middle 8. Greater discrepancy is seen in the PCC late 

8, PCC-R, PCC-A and ACI figures. In all but the PCC early 8 for the atypically developing 

groups, means were greater in the ALSPAC data compared with the Shriberg et al. (1997) 

lifespan data. 

[tables 3 and 4 about here] 

3.2 SODA analysis 

Table 5 shows the pattern of substitutions, omissions, distortions and additions across 

the different sample types. The highest number of substitutions and additions for each group 

was in the nonword repetition samples followed by the connected speech samples and then 

the single word naming task. 

There was less variation in performance for percentage omissions of singletons and 

entire clusters, although the control group did show a lower mean (fewer omissions) in the 

percentage omissions of singletons in the connected speech sample compared with the other 

sample types. There was a clear pattern of behavior for both groups in the percentage of 

omissions of cluster elements, although more errors were made on the nonword repetition 

task followed by the single word naming task. The best performance was on the connected 

speech task. Distortions showed a different pattern again with both groups making most errors 

in the connected speech sample followed by the single word sample. The best performance 

was seen in the nonword repetition sample.  

To summarize these findings, both groups broadly showed the same pattern of 

performance for each sample type. Across all samples, substitutions and distortions were 

more common than omissions and additions. Within single word naming, the most commonly 



observed errors were substitutions and distortions with a smaller number of omissions of 

singletons and cluster elements as well as a small number of additions. In connected speech, a 

higher number of additions were seen alongside the distortions and substitutions and 

relatively fewer omissions. Finally, the nonword repetition samples showed relatively more 

omissions of cluster elements and additions and relatively fewer distortions alongside a high 

number of substitutions. 

In Table 6, the results of the independent samples t-test analyses show different 

patterns for each sample type. Similar performance for the SDiff and control groups in the 

single word naming samples were seen in the percentage omission of singletons, entire 

clusters and cluster elements together with additions. Evidence for difference was seen in 

percentage of substitutions and distortions (respectively t=2.470, p=.016, d = .376; t=2.178, 

p=.034, d = .368) with bigger mean values in the SDiff group than in controls.  

Within the connected speech samples, the two groups performed similarly in the 

percentage substitutions, percentage omission of cluster elements and percentage additions. 

Two measures which were important in showing difference between SDiff and control groups 

in the connected speech samples were the percentage of omissions of singletons (t=3.691, p < 

.001, d = .36) and percentage of omissions of the entire cluster (t =2.783, p =.006, d =.145) 

were, on average, greater in the SDiff group than the controls.  

Performance on the nonword repetition sample showed a different pattern again with 

similar performance between the groups seen in substitutions, omissions of singletons and 

cluster elements and additions. However, mean differences in SDiff  were significantly larger 

than in controls for the percentage of the entire cluster omissions and percentage of 

distortions (respectively t=5.515, p<.001, d= .293; t=2.487, p=.016, d = .384) .  

[tables 5 and 6 about here] 

3.3 Syllable level analyses 



Table 7 shows the descriptive statistics for the syllable level analysis for each of the 

three sample types. The syllable structure level in the single word naming and nonword 

repetition samples reflect the target items selected for those lists. Within the connected speech 

sample, means for both groups at just above and just below 2.6 (SDiff 2.59; controls 2.61) 

indicate that children were choosing to use level 2 syllable structures mostly.    

Word shape matches showed the lowest scores in the nonword repetition samples for 

both groups (SDiff: M = 82.87; controls: M = 94.27). The same pattern was observed for the 

percentage of stress pattern matches.  

As with syllable structure level, phonological mean length of utterance (pMLU) 

(Ingram & Ingram, 2001) reflected the selection of items in the single word naming and 

nonword repetition lists. pMLU was highest for both groups in the nonword repetition 

sample, reflecting the complex nature of those words. The list of ten target items in the single 

word naming task included four polysyllabic words and five words containing clusters. As a 

consequence, the mean for pMLU in the single word naming samples was higher than that of 

the connected speech samples.  

Table 8 shows the results of independent samples t-test analysis for the syllable level 

measures. No difference was observed between the SDiff and control groups across all three 

sample types on syllable structure level. In addition, the two groups showed similar 

performance in the percentage stress pattern match in the single word naming samples. 

However, the figures provide evidence of a difference between the two groups on all other 

syllable level measures across all three samples. Specifically, word shape matches (single 

word: t=6.087, p<.001, d = .408 connected speech:  t=4.033, p<.001, d = .455; nonword 

repetition: t=9.108, p<.001, d = .789) and pMLU (single word: t=4.165, p<.001, d = .531; 

connected speech: t=, 4.489, p<.001, d = .690, non-word repetition: t=7.663, p<.001, d = 

.741) showed evidence of difference across all three sample types. Percentage stress pattern 



matches were important for the connected speech (t=3.996, p<.001, d = .296) and nonword 

repetition (t=2.189, p<.032, d= .296) samples only.  

[tables 7 and 8 about here] 

4. Discussion 

The purpose of this study was to identify patterns of speech production in a 

population sample of typically and atypically developing 8-year-old children. Specifically, the 

aims were to compare PVC and PCC scores in this large scale study with those reported in the 

Shriberg et al. (1997) lifespan database and to identify differences between typically and 

atypically developing children on speech accuracy, error types, and syllable structure across 

different sample types.   

Of the sample of 7,390 8-year-old children who completed the speech and language 

assessment in the population study, 991 were identified by SLPs or psychologists as showing 

atypical features in their speech. Of these, 582 (7.9%) children were identified with problems 

which were exclusively common clinical distortions and were labelled the CCD group. This 

group was not considered further in the current study though further details on this group are 

available from Wren et al., 2012. The remaining 409 children (5.6%) were identified as 

having a broader range of speech difficulties in terms of speech sounds affected and severity 

and were labelled the SDiff group. The speech samples of this latter group were compared 

with those of a control group from the same population study on a range of measures across 

different sample types.  

When children were tested with single word, connected speech, and nonword 

repetition tasks, all measures of PCC except the ACI in the nonword repetition samples were 

consistently difficult for the SDiff group compared to the controls. Similarly, the SDiff group 

had more difficulty with word shape production and pMLU across all sample types. 

Percentage of substitutions and distortions most clearly separated children with atypical 

speech from controls in the single word sample. Within connected speech samples, PVC, 



percentage of omission of singletons and entire clusters, and stress pattern matches 

distinguished the two groups of children. Finally, on the nonword repetition task, the 

percentage of vowels correct, percentage of entire clusters omitted, percentage of distortions 

and percentage of stress pattern matches were most important for distinguishing the two 

groups of children.  

Following a discussion of the limitations of this study, this section will focus on the 

questions posed in the introduction and outline the clinical implications for the findings.  

4.1 Limitations 

 Whilst the benefits of having such a large dataset are acknowledged, there are 

nevertheless limitations to this study which need to be addressed. The first issue that the 

researchers faced was the need to identify a group of children within the cohort who could be 

classified as having atypically developing speech. The most reliable and valid of way of 

achieving this would have been to transcribe and analyse each sample from the 7,390 

children, but time and cost considerations made this unfeasible. As a consequence, the 

assessors were asked to identify on their assessment forms children whose speech appeared 

atypical compared with their peers, making allowances for dialect/accent differences and a 

single isolated error. Beyond that, a liberal cut off was used in which any deviation from 

typical speech was noted.  

It would have been preferable if all children had been assessed by SLPs as a lower 

proportion of children were identified as exhibiting speech difficulties amongst the 14.1% 

who were assessed by psychologists. Nevertheless, the process still resulted in a high number 

of participants being reported as exhibiting speech difficulties when both the CCD and SDiff 

groups were considered together (13.4%). This is higher than recent prevalence figures 

reported in the literature for speech sound disorder (Keating, Turrell & Ozanne, 2001; 

McKinnon, McLeod & Reilly, 2007; Shriberg, Tomblin & McSweeny, 1996) although a 

systematic review of studies of prevalence of speech disorder by Law et al (2000) included 



one study which reported a similarly high prevalence rate of 12.6% for children aged between 

6 and 12 years of age (Harasty & Reed, 1994). In using this broad cut off for speech showing 

atypical features however, it was anticipated that there would be very few false negatives, i.e. 

children with atypical features who had not been identified.  

 The division of the large group of children with atypical features was made in order 

to differentiate children with exclusively common clinical distortions (CCD, 7.9%) which 

may differ in origin from the rest of the group (SDiff, 5.6%). There is a precedent for 

separating these groups in the literature (Shriberg et al., 1997, 2010). Nevertheless, the 

differing prevalence figures for each of these subgroups identified within this study clearly 

demonstrates how prevalence figures can vary across studies depending on the cut off point 

used for classification of speech status and the definition of speech disorder.  

This division between the two groups is however somewhat arbitrary as it is possible 

that the CCD group included children with an earlier history of more widespread errors and 

that their remaining difficulties with sibilants, /l/ and /ɹ/ represented a move towards more 

typical speech. Moreover, children in the SDiff group may also exhibit CCDs and therefore 

the groupings could arguably be considered to reflect two levels rather than two mutually 

exclusive groups. However, in separate analyses using the ALSPAC database (Wren et al., 

2012), there is evidence that the CCD group was cohesive and distinct from both the controls 

and the SDiff group for gender, socio-economic status, IQ and nonword repetition scores 

suggesting that there are qualitative and quantitative differences between the two groups 

which need to be explored further.  

 The remaining children who were labelled SDiff (5.6%) were still a relatively large 

group. It is recognised that a broad cut off has been used to identify this group and it is 

possible that not all members of this group would reach criteria for a clinical diagnosis of 

speech sound disorder. As a consequence, the term speech sound disorder has been avoided 

and SDiff has been used instead. Again there is a precedent for this in the literature with 



Shriberg et al. (1997) using the term NSA/SD for those children with age inappropriate 

omission and/or substitution errors on only one or two sounds. Whilst these children do not 

meet the more narrow criteria of SD used by Shriberg and colleagues, and indeed may be 

demonstrating a normalization in their speech development, there is nevertheless evidence 

that their speech sound system is incomplete and intelligibility could be compromised.  

 Further analysis of the SDiff group to subdivide into those exhibiting speech sound 

disorder (SSD) and those whose difficulties are milder has taken place as part of a separate 

study (Wren et al., in preparation) . Wren et al. considered the degree to which those children 

who were identified as having SDiff on listener judgement were also identified as having SSD 

when compared to the controls on two quantitative measures of speech accuracy: the 

percentage of consonants correct – late 8 (PCC-late 8) and the percentage of consonants – 

adjusted (PCC-A). These measures of severity showed that some children performed 

equivalently in PCC-late 8 and PCC-A measures even though perceptually they appeared to 

show difficulties in their speech compared to their peers. In contrast, a more severe group 

were identified whose scores were outside of the typical range of the controls and whose 

speech could be said to fit with Lewis, Shriberg, Freebairn, Hansen, Stein, Taylor and 

Iyengar’s (2006) description of SSD as, “a significant delay in the acquisition of articulate 

speech sounds” p. 1294). The need to separate these two groups within the larger and more 

inclusive SDiff group was identified for future analyses in order to distinguish children whose 

difficulties might be associated with identifiable risk factors and outcomes from those whose 

speech accuracy measures overlap with those of the controls.  Preliminary findings on these 

analyses and factors associated with the different groupings are available in Wren et al. 

(2012).  

 A second key limitation of this study relates to the speech samples. This study was a 

retrospective analysis of prospectively collected data and as such, the authors were using data 

that was not originally planned for speech analysis. Ideally, a phonemically balanced single 

word list would have been used and connected speech samples would have contained a 



minimum number of words. Given the limited amount of time that was available to assessors 

to spend with each child, it was not possible for them to use strategies to encourage greater 

language expression during the session. A decision could have been made to restrict the 

dataset to only those samples which had an agreed minimum number of word tokens in the 

connected speech sample. However, this would have markedly limited the number of 

participants who could have been included in the analysis, and in particular, exclude those 

who were less expressive due to speech and/or language constraints. It was therefore decided 

that all connected speech samples would be analysed in the current study regardless of size. 

However, interpretations of the data need to bear in mind the nature of the samples and other 

studies using more purposively selected sample types should be used to supplement the 

findings reported here.  

4.2 Comparison between 8-year-old children who are typically and atypically developing in 

the ALSPAC and  Shriberg et al. (1997) lifespan database on measures of speech 

accuracy in connected speech 

There was considerable similarity between the two datasets for speech accuracy, analysed 

using a range of PVC and PCC measures of connected speech. Differences were observed 

between the typically developing groups from the ALSPAC and Shriberg et al. (1997) 

lifespan database, specifically in the measures of total PCC, PCC late 8 and PCC-R. With 

regard to the atypical groups, the sample data suggest there is a broad trend of higher means 

and lower standard deviations in the ALSPAC dataset when compared to the Shriberg dataset 

(except on PCC early 8). Greater discrepancies between the two groups were observed on the 

measures of PCC late 8, PCC-A, PCC-R and ACI, though these did not reach significance, 

primarily due to the small sample size of the NSA/SD group.  

Differences in PCC-A, PCC-R and ACI measures could reflect the difficulty in 

classifying distortion errors. The PCC-R differs from the standard PCC score in that 

distortions of any kind are counted as correct. In contrast, the PCC-A counts only common 

clinical distortions as correct while the ACI is determined using a formula based on the total 



number of distortions observed. While the detailed protocols and piloting processes employed 

in this study should have reduced variation in the categorisation of distortions, it is 

nevertheless a subjective decision on the part of the transcriber as to whether they determine 

an error to be a distortion or a substitution. In many cases, this is clear cut, but where it is not, 

discrepancies between one transcriber and another can occur. Narrow transcription is required 

to identify and mark such distortions and while the importance and value of narrow 

transcription is recognized (Ball et al., 2009), reliability between transcribers is often low 

(Shriberg & Lof, 1991). Consequently, due to the large number of children, and the need for 

reliability in the present study, a pragmatic approach was used. Broad transcription was used 

to transcribe the majority of the samples, with narrow transcription conventions being added 

to identify distortions.  

Differences in the PCC late 8 scores for both the typical and atypical groups reflect 

the sensitivity of this measure in older children. Interestingly, along with the ACI score, this 

measure appears to be best at distinguishing the typical and atypical groups in both the 

ALSPAC and Shriberg et al. datasets. However, the high SDs suggests that the groups are 

variable and that the atypically developing group in each study is heterogeneous.  

The higher scores seen in the ALSPAC sample could in part be explained by the way 

in which each group of participants were identified. The Shriberg et al. database categorised 

children as NSA if they had an age inappropriate error on just one sound whereas the 

ALSPAC protocol classified children as SDiff if the error appeared to be systematic rather 

than isolated. Differences between the two groups in terms of etiology and size of speech 

sample could also account for some of the difference observed. The ALSPAC sample did not 

consider etiology when identifying the SDiff group whereas children with a known cause for 

their speech difficulty were excluded from the Shriberg et al. (1997) lifespan database. 

Moreover, only children with speech samples containing at least 100 word tokens were 

included in the Shriberg et al. (1997) lifespan database whereas at least one connected speech 

sample in ALSPAC contained as few as nine words.   



 

4.3 Differences between typically and atypically developing children on measures of speech 

accuracy, SODA analysis, and syllable level measures across different sample types  

Speech accuracy measures using PVC and PCC counts were important in distinguishing 

the controls and SDiff across all sample types with the exception of PVC in single word 

naming and ACI in nonword repetition. Whilst the ACI measure is a composite of other 

scores, PVC is a direct measure of vowel production. As such, it is reasonable to suggest that 

production of vowels is better understood from samples of connected speech or nonword 

repetition.  

 The greater variability seen in the SODA analysis suggests that sample type could 

influence the proportion of errors shown and the degree to which they distinguish a typically 

developing child from one who is exhibiting difficulty. For example, the greatest number of 

substitutions for both groups was seen in the nonword repetition sample. However, it was 

only in the single word sample where the number of substitutions was statistically different 

between the two groups. The data reported in this paper suggests that as well as substitutions, 

single word samples are more likely to elicit a greater number of distortions in children who 

are atypically developing. Connected speech samples in contrast, are more likely to show 

problems with omissions of singletons and entire clusters while nonword repetition samples 

are likely to show difficulties with omission of entire clusters and distortions.  

 Syllable structure analyses were more consistent. Syllable structure level did not 

distinguish the groups in any sample while percentage word shape matches and pMLU 

distinguished the groups in all three samples. Stress pattern matches were important in 

connected speech and nonword repetition.  

 The information obtained through analyses of each sample type has a clinical 

application in developing our understanding of the relative contribution of each sample type 

in distinguishing children with typical and atypical speech. The majority of standardized tests 



for children aged 8 use single word picture naming samples as their method of determining 

cases (Bankson & Bernthal, 2000; Fudala, 2000; Hodson, 2004; Masterson & Bernhardt, 

2001). In terms of identifying the number of specific consonants correctly produced, 

proportion of substitutions and distortions, accuracy of word shape matching and pMLU, this 

would seem to be a useful and time efficient approach. However, the data from this study 

suggests that vowel errors, omission errors and stress pattern errors might be missed if single 

words are sampled exclusively. While analysis of nonword repetition samples can be used to 

supplement analysis of single word samples, the results of this study suggests that connected 

speech data provides more thorough information. However, it should be borne in mind that 

the single word sample used in this study was not phonemically balanced and there was a 

wide range of number of word tokens in the connected speech samples. Further research using 

alternative single word samples and a consistent size of connected speech sample is needed to 

confirm this finding.  

 Differences between single word and connected speech samples regarding the 

number and type of speech errors has been documented by a number of researchers (e.g., 

Howard, 2004; Klein & Liu-Shea, 2009; McLeod, Hand, Rosenthal, & Hayes, 1994; 

Morrison & Shriberg, 1992).  For example, Morrison and Shriberg (1992), found statistically 

significant differences between single word and connected speech samples on a range of 

measures while Howard (2004) and Klein and Liu-Shea (2009) noted a greater number of 

unusual processes and more substitutions in connected speech. The latter two studies 

considered small samples of five and four children respectively providing an explanation for 

why their results were not replicated in the present, larger study. Moreover, four out of five of 

Howard’s participants had craniofacial anomalies which could have given rise to a different 

pattern of speech production.  

 Connected speech samples do have a unique contribution to make in the analysis of 

intelligibility however and there is evidence to suggest that variation in intelligibility can be 

perceived even when differences in phonological accuracy are not observed (Barnes et al., 



2009).  The picture that is emerging from this data in combination with the existing evidence 

base suggests that connected speech samples do provide useful supplementary data in 

identifying 8-year-old children with atypical speech. Recognising that this is a heterogeneous 

group, it is possible that the extra information provided from analysis of connected speech 

samples might be of greater benefit for some groups of children compared to others and 

further research is needed to determine this.  

5. Conclusion 

 This study provides population level data on a range of measures of speech 

production across single word, connected speech and nonword repetition sample types in 8-

year-old children. Whilst acknowledging that the case group identified as SDiff in this study 

represents a wide range of severity and a variety of aetiology and presenting features, the data 

provide a unique dataset for many measures of speech accuracy and are a useful supplement 

to existing sources based on smaller or clinical samples.   
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CEU questions: 
 

1. Children identified with speech difficulties had greater difficulty than controls 

in which of the following (more than one may apply): 

a. The late 8 consonants (true) 

b. Liquids (false) 

c. Fricatives and affricates (true) 

d. Clusters (true) 

e. Vowels (false) 

2. Groups were distinguished in the single word samples by: 

a. percentage of substitutions and distortions,  

b. percentage of substitutions and additions 

c. percentage of omissions and distortions 

d. percentage of substitutions and omissions (true) 

e. percentage of distortions and additions 

3. Which of the following syllable measures distinguished the speech difficulties 

group from the controls: 

a. Percentage word shape matches in connected speech 

b. Percentage stress pattern matches in nonword repetition 

c. Neither A nor B 

d. Both A and B  (correct) 

4. Comparison between the controls and the Shriberg et al. NSA group showed 
differences in which of the following: 

a. PCC late 8 (true) 

b. PCC-R (true) 

c. PCC-middle 8 (false) 

d. Total PCC (true) 



5. Connected speech samples could be used to supplement data from single 
words in which of the following measures: 

a. PVC (true) 

b. Omission of singletons (true) 

c. Word shape (false) 

d. Stress patterns (true) 



APPENDIX A 

Single words from Wechsler Objective Language Dimensions (Rust, 1996) used in Focus 

at 8 assessment 

Down /dɑun/ 

Bridge /bɹɩʤ/ 

Paint /peɩnʔ/ 

Calculator /kɑukjəleɩtə/ or /kɑukəleɩtə/  

Clock /klɒk/ 

Crawl /kɹɔu/ 

Straight /stɹeɩʔ/ 

Keys /ki:z/ 

Wardrobe /wɔdrəub/ 

Measure /meʒə/ 

 



APPENDIX B 

Items taken from the Children’s Test of Nonword Repetition (Gathercole & Baddeley, 

1996) and used in the Focus at 8 assessment 

pennerriful(4)  /pəˈneɹɪfəl/ 

shimitet (3)  /ˈʃɪmɪtet/ 

empliforvent (4) /emplɪˈfɔvənt/ 

zubinken (3)  /zuˈbɪŋkən/ 

doduloppity (5)  /dɒdjuˈlɒpɪti/ 

perplisteronk (4) /pɛˈplɪstəɹɒŋk/ 

instadrontally (5) /ɪnstəˈdɹɒntəli/ 

frescovent (3)  /ˈfɹeskəvent/ 

pranstutiary (5)  /pɹænˈstjutɪəɹi/ 

tridercory (4)  /tɹɪˈdɛkəɹi/ 

donderificam (5) /dɒndəˈɹɪfɪkəm/ 

brasterer (3)  /ˈbɹastəɹə/ 

 

 



APPENDIX C 

Features of the Bristol accent which were accepted as correct in transcription 

 

Vowels: 

1. Use of [ə] for /ʌ/ (as in putt). 

2. Use of [a] for /ɑː/ (as in bath) 

3. Slightly longer or fuller vowels than Received Pronunciation (RP) e.g., mad [maˑd]; 

job [ʤɑˑb]; also – bucket [bəˑkɪ ˑʔ] rather than /bʌkɪ ˑʔ/; goodness [ˈgʊdnɛs] rather 

than /ˈgʊdnəs/ or /ˈgʊdnɪs/. 

Consonants: 

1. Post vocalic /ɹ/ as in farm [fɑɹm] 

2. Presence of /l/ following word final /ə/ (as in Americal) and also medially in e.g. drawling 

and chimley. (This is a feature known as Bristol ‘l’ and is confined to the local area of 

Bristol. ‘Eva’ and ‘evil’ would be homonyms in a child who shows this feature.) 

3. Use of [f] for /θ/ 

4. Use of glottal stop for /t/ before a pause e.g., Pete – [piːʔ] 

5. Use of [in] for –ing 

6. Words like anything, something, -ing, may be [iŋk] 

7. Omission of /h/ 

8. /ɹ/ can be [ʋ] in every 



Table 1  
Descriptive statistics for percentage of vowels correct (PVC) and percentage of 
consonants correct (PCC) analyses for each sample type (single word, connected 
speech,, nonword repetition) for children  in the ALSPAC study with speech difference 
(SDiff) versus controls.  

 Speech 

status 

Single word naming Connected speech Nonword repetition 

 N Mean (SD) N Mean (SD) N Mean (SD) 

PVC  SDiff 401 97.49 (4.26) 402 98.95 (1.87) 398 90.97 (6.90) 

Controls 47 98.40 (2.81) 47 99.62 (0.79) 47 93.60 (4.60) 

PCC  SDiff 401 89.25 (8.74) 402 89.48 (8.00) 398 79.25 (12.03) 

Controls 47 97.27 (3.26) 47 97.96 (1.80) 47 88.29 (7.38) 

PCC Early 8  SDiff 401 91.95 (10.46) 402 95.61 (4.67) 398 84.51 (11.48) 

Controls 47 97.86 (5.41) 47 99.10 (1.35) 47 87.57 (9.33) 

PCC Middle 8  SDiff 401 92.90 (10.22) 402 92.98 (8.16) 398 83.05 (14.38) 

Controls 47 98.31 (3.87) 47 98.09 (2.70) 47 90.71 (7.92) 

PCC Late 8  SDiff 401 80.56 (17.04) 402 79.36 (17.27) 398 69.22 (20.91) 

Controls 47 94.79 (8.49) 47 96.67 (4.00) 47 86.59 (11.03) 

PCC-Revised  SDiff 401 93.17 (7.13) 402 94.16 (5.10) 398 82.55 (11.21) 

Controls 47 98.29 (2.75) 47 99.03 (1.09) 47 89.31 (6.64) 

PCC-Adjusted  SDiff 401 90.27 (8.31) 402 91.21 (6.79) 398 79.51 (11.99) 

Controls 47 97.41 (3.15) 47 98.13 (1.67) 47 88.29 (7.38) 

Articulation Competence 

Index (ACI) 

SDiff 401 74.08 (20.85) 402 76.64 (16.81) 398 50.95 (15.87) 

Controls 47 93.81 (12.83) 47 96.78 (6.91) 47 54.89 (18.87) 

PCC Stops  SDiff 401 95.83 (7.95) 402 95.68 (6.41) 398 86.32 (13.03) 

Controls 47 98.71 (3.65) 47 98.31 (3.09) 47 92.55 (8.48) 

PCC Nasals  SDiff 399 96.34 (13.08) 402 98.16 (5.19) 398 85.92 (14.15) 

Controls 47 98.94 (7.29) 47 100.00 (0.00) 47 91.11 (8.42) 

PCC Fricatives  SDiff 369 64.05 (39.73) 402 82.43 (15.93) 398 72.08 (21.31) 

Controls 43 96.51 (12.89) 47 96.57 (4.52) 47 86.34 (12.92) 

PCC Affricates  SDiff 354 75.57 (42.95) 385 77.38 (34.25) 0a . 

Controls 40 87.50 (33.49) 46 99.57 (2.95)  0a . 

PCC Glides  SDiff 178b 97.47 (15.29) 393 98.04 (10.21) 13c 23.08 (43.85) 

Controls 28b 100.00 (0.00) 45 99.64 (1.93) 0c . 

PCC Liquids  SDiff 384 91.79 (17.51) 402 88.43 (16.86) 397 70.67 (25.05) 

Controls 47 96.10 (10.40) 47 97.54 (6.91) 47 86.86 (12.28) 

PCC Clusters  SDiff 401 77.96 (22.61) 402 78.18 (18.81) 398 64.74 (20.35) 



a The nonword repetition sample did not contain any affricates.  

b The single word sample contained one glide /j/ in the cluster /kj/ in the word calculator. As the /j/ is 
often omitted in this word in the Bristol accent, productions with the /j/ missing were accepted and the 
target item was altered. As a consequence, N for this item is reduced as a smaller number of children 
produced /j/ in this word.  

c The nonword repetition sample contained two glides, both of /j/ in the clusters /dj/ (doddulopity) and 
/stj/ (pranstutiary). As above, it is common in the Bristol accent to omit the /j/ glide in these 
circumstances and therefore, the target was altered where this occurred. As a consequence, N for this 
item is reduced as a smaller number of children produced /j/ in these nonwords.  

Controls 47 94.61 (10.73) 47 96.05 (4.35) 47 79.04 (15.91) 

PCC Cluster Elements  SDiff 401 85.35 (15.63) 402 84.96 (13.12) 398 77.88 (13.78) 

Controls 47 96.93 (6.59) 47 97.55 (2.72) 47 86.29 (10.60) 



Table 2. 

Independent t-test results for percentage of vowels correct (PVC) and percentage of 
consonants correct (PCC) by sample type (single word, connected speech,, nonword 
repetition). 

 
 Single word naming  Connected speech  Nonword repetition 

 t p d  t p d  t p d 

            

PVC 1.968 .053 0.220  4.522 <.001 0.375  3.484 .001 0.393 

PCC 12.427 <.001 0.961  17.743 <.001 1.116  7.329 <.001 0.777 

PCC Early 8 6.251 <.001 0.588  11.460 <.001 0.785  2.076 .042 0.271 

PCC Middle 8 7.114 <.001 0.554  9.024 <.001 0.657  5.624 <.001 0.553 

PCC Late 8 9.473 <.001 0.869  16.642 <.001 1.055  9.049 <.001 0.864 

PCC-Revised 9.546 <.001 0.752  16.231 <.001 1.006  6.040 <.001 0.624 

PCC-Adjusted 11.546 <.001 0.900  16.569 <.001 1.072  7.121 <.001 0.757 
Articulation 

Competence Index  
9.210 <.001 0.978  15.360 <.001 1.253  1.373 .175 0.243 

PCC Stops 4.342 <.001 0.378  4.766 <.001 0.427  4.458 <.001 0.493 

PCC Nasals 2.077 .041 0.206  7.090 <.001 0.374  3.660 <.001 0.380 

PCC Fricatives 11.378 <.001 0.857  13.697 <.001 0.933  6.582 <.001 0.692 

PCC Affricates 2.070 .043 0.283  12.330 <.001 0.684  .... ....  

PCC Glides 2.206 .029 0.178  2.713 .007 0.165  .... ....  

PCC Liquids 2.452 .016 0.255  6.941 <.001 0.565  7.399 <.001 0.673 

PCC Clusters 8.624 <.001 0.768  15.770 <.001 1.000  5.640 <.001 0.717 

PCC Cluster 

Elements 

9.346 <.001 0.774  16.458 <.001 1.011  4.968 <.001 0.624 

P<0.05 highlighted in bold   

PVC: Percentage vowels correct; PCC: Percentage consonants correct 



Table 3. 

 Comparison of typically developing children from the Shriberg et al. (1997) lifespan 
database for children with normal speech acquisition (NSA) and the Avon 
Longitudinal Study of Parents and Children (ALSPAC) control. 

 Speech status Connected speech Independent t test results 

 N Mean (SD) t p d 

PVC  Shriberg NSA 14 99.2 (1.) -1.44 0.166 0.50 

ALSPAC 

controls 

47 99.62 (0.79) 

PCC  Shriberg NSA 14 95.3 (2.7) -3.46 0.003 1.31 

ALSPAC 

controls 

47 97.96 (1.8) 

PCC Early 8  Shriberg NSA 14 99.0 (1.2) -0.27 0.793 0.08 

ALSPAC 

controls 

47 99.1 (1.35) 

PCC Middle 8  Shriberg NSA 14 97.2 (3.2) -0.95 0.357 0.32 

ALSPAC 

controls 

47 98.09 (2.7) 

PCC Late 8  Shriberg NSA 14 88.5 (8.2) -3.6 0.003 1.57 

ALSPAC 

controls 

47 96.67 (4.0) 

PCC-Revised  Shriberg NSA 14 97.2 (2.2) -3.00 0.009 1.30 

ALSPAC 

controls 

47 99.03 (1.09) 



 

PCC-Adjusted  Shriberg NSA 14 96.9 (2.1) -2.01 0.06 0.69 

ALSPAC 

controls 

47 98.13 (1.67) 

Articulation Competence 

Index (ACI) 

Shriberg NSA 14 88.7 (16.0) -1.84 0.087 0.84 

ALSPAC 

controls 

47 96.78 (6.91) 



Table 4. 

Comparison of children with atypical speech from the Shriberg et al. (1997) lifespan 
database for children with normal speech acquisition/speech delay ( NSA/SD) and 
ALSPAC for children with speech difficulties (SDiff) 

 

 Speech status Connected speech Independent t test results 

 N Mean (SD) t p d 

PVC  Shriberg NSA/SD 3 96.9 (2.1) * * 1.10 

ALSPAC SDiff 401 98.95 (1.87) 

PCC  Shriberg NSA/SD 3 84.6 (9.1) * * 0.61 

ALSPAC SDiff 401 89.48 (8.0) 

PCC Early 8  Shriberg NSA/SD 3 96.3 (2.2) * * 0.15 

 ALSPAC SDiff 401 95.61 (4.67) 

PCC Middle 8  Shriberg NSA/SD 3 88.7 (8.8) * * 0.53 

 ALSPAC SDiff 401 92.98 (8.16) 

PCC Late 8  Shriberg NSA/SD 3 66.2 (23.5) * * 0.76 

 ALSPAC SDiff 401 79.36 (17.27) 

PCC-Revised  Shriberg NSA/SD 3 87 (7) * * 1.40 

ALSPAC SDiff 401 94.16 (5.1) 

PCC-Adjusted  Shriberg NSA/SD 3 85.9 (8.1) * * 0.78 

ALSPAC SDiff 401 91.21 (6.79) 

Articulation Competence 

Index  

Shriberg NSA/SD 3 63.9 (26.9) * * 0.76 

ALSPAC SDiff 401 76.64 (16.81) 



* Independent t test results must be treated with caution due to a very small sample 
size in Shriberg et al. (1997) NSA/SD group 



Table 5. 

Descriptive statistics for SODAa analysis for each sample type comparing children in 

the ALSPAC study with speech difficulties(SDiff) versus controls. 

 Speech status Single word naming Connected speech Nonword repetition 

  N Mean (SD) N Mean (SD) N Mean (SD) 

Percentage Substitutions  SDiff 401 27.67 (33.05) 402 31.58 (27.06) 398 42.27 (21.48) 

Controls 47 15.25 (32.57) 47 24.60 (32.86) 47 44.87 (24.17) 

Percentage Omissions 

(singletons)  

SDiff 401 5.13 (16.09) 402 4.43 (9.03) 398 4.41 (7.27) 

Controls 47 5.32 (21.45) 47 1.30 (4.92) 47 5.96 (12.20) 

Percentage Omissions 

(entire cluster) 

SDiff 401 0.09 (1.23) 402 0.26 (1.89) 398 0.55 (1.98) 

Controls 47 0.00 (0.00) 47 0.00 (0.00) 47 0.00 (0.00) 

Percentage Omissions 

(cluster element) 

SDiff 401 6.53 (18.11) 402 2.76 (6.91) 398 13.68 (11.94) 

Controls 47 6.03 (21.82) 47 3.10 (8.62) 47 16.65 (14.83) 

Percentage Distortions  SDiff 401 39.78 (37.27) 402 45.57 (26.46) 398 17.23 (18.46) 

Controls 47 25.89 (41.82) 47 38.79 (38.96) 47 10.15 (18.46) 

Percentage Additions  SDiff 401 9.33 (19.59) 402 13.41 (12.19) 398 21.12 (18.23) 

Controls 47 4.96 (20.83) 47 10.93 (25.34) 47 22.38 (18.29) 

a SODA = Substitution, Omission, Distortion, Addition 



Table 6. 

Independent t-test of SODAa analysis for each sample type for children in the 
ALSPAC study 

 
 Single word naming  Connected speech  Nonword repetition 

 T p d  t p d  t p d 

Percentage 

Substitutions 

2.470 .016 0.376  1.401 .167 0.252  0.704 .484 0.119 

Percentage 

Omissions 

(singletons) 

0.059 .953 0.011  3.691 <.001 0.360  0.851 .399 0.196 

Percentage 

Omissions (entire 

cluster) 

1.410 .159 0.077  2.783 .006 0.145  5.515 <.001 0.293 

Percentage 

Omissions (cluster 

element) 

0.152 .879 0.027  0.258 .797 0.048  1.324 .191 0.242 

Percentage 

Distortions 

2.178 .034 0.368  1.162 .251 0.243  2.487 .016 0.384 

Percentage Additions 1.367 .177 0.222  .663 .511 0.176  0.446 .657 0.069 

P<0.05 highlighted in bold a SODA = Substitution, Omission, Distortion, Addition 

 
 

 

 



Table 7. 

Descriptive statistics for syllable level analyses for each sample type comparing 

children in the ALSPAC study with speech difficulties (SDiff) versus controls. 

 Speech 

status 

Single word 

naming 

Connected 

speech 

Nonword 

repetition 

  N Mean (SD) N Mean (SD) N Mean (SD) 

Syllable Structure 

Level  

SDiff 401 2.94 (0.08) 402 2.59 (0.12) 398 2.99 (0.02) 

Controls 47 2.94 (0.06) 47 2.61 (0.12) 47 3.00 (0.00) 

Percentage Word 

Shape Matches  

SDiff 401 97.70 (5.38) 402 97.21 

(2.94) 

398 82.87 

(15.09) 

Controls 47 99.79 (1.46) 47 98.51 

(1.97) 

47 94.27 (6.83) 

Percentage Stress 

Pattern Matches  

SDiff 401 98.44 (4.29) 402 99.49 

(1.17) 

398 80.31 

(15.81) 

Controls 47 99.05 (3.16) 47 99.82 

(0.40) 

47 84.92 

(13.37) 

Phonological Mean 

Length of  

Utterance  

SDiff 401 7.81 (0.77) 402 5.10 (0.42) 398 14.76 (1.08) 

Controls 47 8.21 (0.59) 47 5.39 (0.42) 47 15.53 (0.58) 

 



Table 8. 

Independent t-test results of syllable level analysis for each sample type for children 

in the ALSPAC study. 

 
 Single word naming  Connected speech  Nonword repetition 

 t p d  t p d  t p d 

            

Syllable Structure 

Level 

0.004 .997 0.000  0.975 .334 0.167  1.000 .318 0.05 

Percentage Word 

Shape Matches 

6.087 <.001 0.408  4.033 <.001 0.455  9.108 <.001 0.789 

Percentage Stress 

Pattern Matches 

1.206 .232 0.146  3.996 <.001 0.296  2.189 .032 0.296 

Phonological Mean 

Length of Utterance 

4.165 <.001 0.531  4.489 <.001 0.690  7.663 <.001 0.741 

P<0.05 highlighted in bold 

 



Figure 1: Flowchart showing progression of children through Focus at 8 speech 
assessment 

 

 14,676 children born 
(14,541 mothers recruited 

as they registered their pregnancy) 

13,988 children alive at 1 year 
(ALSPAC sample) 

548 additional  
children recruited  

when cohort was aged 7 

All children  
invited to attend  

Focus at 8 

 
7,390 completed Focus at 8 

speech assessment 
 

6,399 children with 
 typical speech 

 

 
991 children identified 
 with atypical features 

   

 

50 children (controls) 
-speech samples analysed 

(3 later excluded as outlers) 
 

582 children with   
common clinical distortions  

only  
- speech samples not 

 
 

 
409 children with  

speech difficulties (SDiff)  
-speech samples analysed 

 

 
402 children with speech 

difficulties 
(SDiff) 

 

2 children  
excluded as outliers 

5 children with  
missing data 


