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Abstract
In typical speech development, there is a phase when a child might produce a word in different
ways on different occasions. This characteristic of speech, called intra-word variability, has not
been studied among children acquiring Finnish. Its trajectory in typical speech development and
role in identifying impaired speech is hence unknown in Finnish.
This thesis investigated intra-word variability in typically developing 3- to 6-year-old Finnish
children (TD) and children with speech sound disorder (SSD) aged between 3 and 5. Furthermore,
a possible association between highly variable speech with no correct word forms and the quality
of underlying phonological representations and speech production skills was examined. Intraword variability was assessed by a picture-naming task. The phonological representations were
assessed by vocabulary, phonological awareness, and nonword repetition (NWR) measures, and
speech production skills by measures derived from a spontaneous speech and picture-naming
sample, and a syllable repetition task.
In the TD children, intra-word accuracy and consistency were already relatively high at the age
of three, and variable responses without any correct word form were rare. The speech production
of the children with SSD was more inaccurate and inconsistent than their TD peers’.
In the TD group, in addition to poor NWR, poor phonological awareness and speech
production skills were associated with highly variable speech, but not in all measures. Among the
children with SSD, highly variable speech was associated with poor receptive vocabulary
knowledge, NWR, and speech production skills.
The results provide evidence that highly variable speech with no correct word forms may
already signal impaired speech development from the age of 3 onwards. Increased speech
inconsistency among children with SSD appears to be associated with both phonological
representations and the motor components of speech production. A sufficiently comprehensive
assessment protocol for children with SSD is thus warranted to reveal their individual skill profiles
and make appropriate clinical management decisions.

Keywords: accuracy, children, diadochokinesia, Finnish, inconsistent speech, intraword variability, nonword repetition, phonological awareness, speech production,
vocabulary knowledge
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Tiivistelmä
Tyypillisessä puheen kehityksessä on vaihe, jolloin lapsi saattaa tuottaa saman sanan eri tavoin.
Tätä sanavaihteluksi kutsuttua puheen piirrettä ei ole tutkittu suomea omaksuvilla lapsilla aiemmin, joten ei ole tiedossa, missä vaiheessa puheen tuotto alkaa olla systemaattisesti tarkkaa tai
mikä merkitys sanavaihtelulla on puhehäiriöitä tunnistettaessa.
Tutkimuksen tavoitteena oli selvittää sanavaihtelun esiintymistä suomenkielisillä 3–6-vuotiailla lapsilla, joiden puheen kehitys oli edennyt tyypillisesti, ja 3–5-vuotiailla lapsilla, joilla oli
puheen kehityksen vaikeuksia. Lisäksi pyrittiin selvittämään, miten runsas sanavaihtelu, jolloin
lapsi käytti kohdesanasta vain virheellisiä muotoja, oli yhteydessä fonologisiin edustumiin ja
puheen tuoton taitoihin. Sanavaihtelua tutkittiin kuvien nimeämistehtävällä. Fonologisten edustumien tarkkuutta tutkittiin sanavaraston tasoa, fonologista tietoisuutta ja epäsanojen toistoa mittaavilla tehtävillä. Puheen tuoton taitoja arvioitiin spontaanipuheesta, kuvien nimeämistehtävällä ja tavutoistotehtävällä.
Jo 3-vuotiaiden tyypillisesti kehittyneiden lasten puheen tuotto oli suhteellisen tarkkaa ja
vaihtelevasti virheellisiä sanamuotoja esiintyi harvoin. Lapsilla, joilla oli puhehäiriö, sekä systemaattisesti että vaihtelevasti virheellisesti tuotettuja sanoja esiintyi enemmän kuin tyypillisesti
kehittyneillä lapsilla.
Tyypillisesti kehittyneillä lapsilla runsas sanavaihtelu oli yhteydessä heikompiin epäsanojen
toistotaitoihin sekä fonologisen tietoisuuden ja puheen tuoton taitoihin osissa mittareista. Lapsilla, joilla oli puhehäiriö, runsas sanavaihtelu oli yhteydessä heikompaan sanavarastoon sekä vaikeuksiin epäsanojen toistotaidoissa ja puheen tuoton taidoissa.
Tulokset osoittavat, että jo 3-vuotiailla lapsilla vaihtelevasti virheellisesti tuotettujen sanojen
runsas määrä puheessa voi viitata puhehäiriöön. Lapsilla, joilla on vaikeuksia puheen kehityksessä, runsas sanavaihtelu näyttää liittyvän sekä sanojen fonologisten edustumien epätarkkuuteen että puheen tuoton motorisiin vaikeuksiin. Lasten kielelliset ja puheen tuoton taidot onkin
syytä arvioida riittävän kattavasti, jotta voidaan valita kuntoutustoimenpiteitä, jotka huomioivat
heidän yksilölliset taitoprofiilinsa.

Asiasanat: diadokokinesia, epäsanojen toisto, epäsystemaattinen puhe, fonologinen
tietoisuus, lapset, puheen tuotto, sanaston taso, sanavaihtelu, suomen kieli, tarkkuus
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1

Introduction

It has been suggested that variation and the ability to vary are crucial features of
human development as an indicator of the flexibility and adaptability of the
growing system (Hadders-Algra, 2018; Siegler, 2007; Thelen & Smith, 1994). In
speech development, variability in speech movements may signal the neural
system’s flexibility and thus the ability to learn new behaviours (Smith, 2006;
Smith & Goffman, 1998) such as producing new sounds, sound sequences, and
words. Furthermore, some level of variability in motor behaviour is needed to
modulate to anatomical changes of the vocal tract, different speech styles (e.g. slow
or fast), and a different phonetical context of words, for example (Thelen, 1991;
Whiteside, Dobbin, & Henry, 2003). From a linguistic perspective, to establish
robust phoneme categories of the ambient language, variability may again be
needed. It is argued that hearing words spoken by different speakers (Richtsmeier,
Gerken, Goffman, & Hogan, 2009) and with varied affections (Singh, 2008) – that
is, providing a variable input – may facilitate the establishment of robust
representations of words.
In speech production, variability is a well-identified phenomenon among
young children with typical speech and language development (TD) (Ferguson &
Farwell, 1975; Macrae, 2013; Sosa, 2015; Sosa & Stoel-Gammon, 2006, 2012). In
general, speech variability decreases with age (Burt, Holm, & Dodd, 1999; Faes &
Gillis, 2018; Holm, Crosbie, & Dodd, 2007; Macrae, 2013; Williams & Stackhouse,
2000), but temporary peaks in segmental variability (Sosa & Stoel-Gammon, 2006)
and articulatory variability (Green, Moore, & Reilly, 2002; Iuzzini-Seigel, Hogan,
Rong, & Green, 2015; Nip, Green, & Marx, 2009; Sussman & Minifie, 1996; Tyler
& Saxman, 1991) have been reported to occur as a part of maturation processes.
Among children with speech sound disorder (SSD) acquiring the phonemes of their
ambient language, fluctuation in variability has also been demonstrated at the
articulatory movements level in acoustic measures (Forrest, Weismer, Elbert, &
Dinnsen, 1994; Tyler & Saxman, 1991) and at the segmental level in clinical
settings (Strand & McCauley, 2019).
It is logical to hypothesise that excessive variability may also be a hindrance
to further development. Manoel and Connolly (1995) have discussed ‘error
variability’, by which they refer to ‘processes or levels of activity over which or
beyond which the individual has no control’ (p. 133) or cannot acquire them. In
speech development, highly fluctuating speech may impede the establishment of
language-specific phonemic categories (Forrest, Dinnsen, & Elbert, 1997; Iuzzini,
15

2012). It is argued that instead of being a sign of normal developmental processes,
highly variable speech production may signal more pervasive speech processing
difficulties (Williams & Stackhouse, 2000) and may affect the intervention
outcome (Forrest et al., 1997; Forrest & Elbert, 2001; Forrest, Elbert, & Dinnsen,
2000, but see also Tyler, Williams, & Lewis, 2006). It has also been proposed that
variable speech production is a diagnostic indicator of some sub-types of SSD (e.g.
American Speech-Language-Hearing Association [ASHA], 2007; Dodd, Holm,
Crosbie, & McCormack, 2005).
Some authors have suggested the term ‘variable speech’ for typical
development and the term ‘inconsistent’ to describe impaired speech (Holm et al.,
2007). Exploring the exact nature of the phenomenon, i.e. possible similarities and
differences between these two types of variability, is still underway (see also Iuzzini,
2012). Consequently, the use of the terms is not established in the research literature.
In this study, the concept ‘variable speech’ is used as a general term, and when
variable speech production also contains the correct word form, or when the issue
is not exactly specified in the referred literature. The term ‘inconsistency’ refers to
variable speech, in which target words are produced in multiple ways with no
correct word form at all.
This doctoral dissertation was motivated by the author’s clinical experience of
the lack of national guidelines for assessing intra-word variability occurring in a
Finnish child’s speech. The focus of this study is on the accuracy and consistency
of speech production in both TD children and children with idiopathic SSD (i.e. an
unknown underlying cause) to provide knowledge concerning when variability in
speech production must be taken into account as a possible signal of atypical speech
development. Furthermore, potential correlations of inconsistent speech production
and underlying cognitive and motor functions are investigated. The results offer
information for the selection of sufficiently wide-ranging methods to assess
variable speech production, and thus to provide appropriate guidelines for
intervention.

16

2

Literature review

2.1

Variability in speech production and its measurement

Variability in speech has been described and measured at both the segmental and
lexical levels. At the segmental level, the focus is on single phonemes (usually
consonants), and their multiple manifestations within and across words and word
positions (Betz & Stoel-Gammon, 2005; Iuzzini, 2012; Iuzzini-Seigel, Hogan, &
Green, 2017; Tyler, Lewis, & Welch, 2003). Lexical variability, also called intraword or word-level variability, is examined across multiple productions of the same
word. In the widely used Word Inconsistency Assessment (IA) (Dodd, Hua, Crosbie,
Holm, & Ozanne, 2006) or its modified versions (de Castro & Wertzner, 2011;
Iuzzini, 2012; Sosa & Bunta, 2019), a child is asked to name 25 pictures three times
during the same assessment session (Dodd et al., 2005; Dodd & Leahy, 1989; Holm
et al., 2007; Macrae & Sosa, 2015; Sosa, 2015; Vuolo & Goffman, 2018). The
productions are scored as either consistent (regardless of correctness) or variable
(i.e. incorrect responses with or with no correct word form). Some researchers (Faes
& Gillis, 2018; Holm et al., 2007; Sosa, 2015) have further analysed children’s
production using Grunwell’s classification system (Grunwell, 1992). This
classification categorises responses into four classes: consistently correct (all
responses are identically correct); consistently incorrect (all responses are
identically incorrect); variable with hits (the responses differ, but at least one is
correct); and variable with no hits (the responses differ, and none are correct).
Furthermore, in some studies, the focus has been on a proportion of different types
of error (Betz & Stoel-Gammon, 2005; Marquardt, Jacks, & Davis, 2004; Shriberg,
Aram, & Kwiatkowski, 1997).
It has been suggested that measurements of lexical-level variability may
represent the severity of SSD (Betz & Stoel-Gammon, 2005; Tyler et al., 2006) and
be more appropriate for the screening of impaired speech development than for
making a differential diagnosis (Iuzzini, 2012). In line with this, Murray et al.
(Murray, McCabe, Heard, & Ballard, 2015) demonstrated that variability scores
based on IA could differentiate children with childhood apraxia of speech (CAS)
from other SSDs with merely modest accuracy (30%). To make a differential
diagnosis, either a phrase-level (Iuzzini-Seigel et al., 2017) or single phoneme-level
measure is suggested (Iuzzini, 2012; Terband, Namasivayam, et al., 2019). In the
latter case, the effects of the phonetic context should be taken into account (Betz &
17

Stoel-Gammon, 2005). For example, /k/ may be systemically produced differently,
depending on word position, which introduces a potential source of variation but
would in fact be a feature of a phonological process occurring in a child’s speech.
Related to this, Betz and Stoel-Gammon (2005) recommended the assessing of
speech consistency by reiterating a set of words (separately and in carrier phrases)
rather than comparing sounds from different words in various contexts.
2.2

Occurrence of intra-word variability in children

Among TD toddlers, speech production is reported to be variable (Ferguson &
Farwell, 1975; Macrae, 2013; Sosa, 2015; Sosa & Stoel-Gammon, 2006, 2012),
becoming more consistent and accurate with age (Burt et al., 1999; de Castro &
Wertzner, 2011; Faes & Gillis, 2018; Holm et al., 2007; Kenney & Prather, 1986;
Macrae, 2013; Sosa, 2015; Williams & Stackhouse, 2000). In studies on TD
children acquiring English (Holm et al., 2007; Macrae & Sosa, 2015; Sosa, 2015)
and Dutch (Faes & Gillis, 2018), the variability scores of younger children range
from 70% to 12%, and older children from 36% to 1% (Table 1). Despite the
different languages and study methods, the results by Faes and Gillis are relatively
parallel to those by Macrae and Sosa, while Holm et al. have reported remarkably
lower scores. Sosa (2015), who employed the same study procedure and assessment
method (apart from one change in target words) as Holm et al., suggested that the
reason for divergent findings is related to different transcription procedures. These
variable results reported thus far clearly call for further studies to clarify the picture
of the typical trajectory of intra-word accuracy and consistency in different
languages.
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Table 1. Studies assessing intra-word variability in typically developing children.
Study

Language

n

Age

% of speech

Assessment task

variability
Faes & Gillis, 2018

Holm et al., 2007

Dutch

English

9

3;0

56

12

4;0

39

11

5;0

36

68

3;0–3;11

12

136

4;0–4;11

6

160

5;0–5;11

4

45

6;0–6;11

1

Spontaneous speech

Picture naming (IA)

Macrae & Sosa, 2015

English

9

2;6–4;2

70

Picture naming (IA)

Sosa, 2015

English

19

3;0–3;11

62

Picture naming (IA)

Note. Ages are represented in years;months. IA = The Word Inconsistency Assessment.

Children with SSD are heterogeneous, but in general, highly variable speech
production has mostly been associated with CAS (ASHA, 2007; Iuzzini, 2012;
Iuzzini-Seigel et al., 2017; Marquardt et al., 2004) and inconsistent speech disorder
(ISD) (Dodd et al., 2005; Dodd & Leahy, 1989). CAS is commonly defined as a
disorder of speech motor planning and/or programming (ASHA, 2007), but no core
signs for a differential diagnosis have yet been found. Variable speech production,
however, is among the most typical criteria used to identify CAS by clinicians with
different language backgrounds (Cantonese: Wong, Lee, & Tong, 2020; English:
Forrest, 2003; Randazzo, 2019; Persian: Shakibayi, Zarifian, & Zanjari, 2019;
Swedish: Malmenholt, Lohmander, & McAllister, 2017). This view has also gained
some consensus among researchers (ASHA, 2007; Chenausky et al., 2020; IuzziniSeigel et al., 2017, but see also Murray et al., 2015). Unlike in CAS, high lexicallevel variability is unequivocally the prime clinical feature of ISD (Dodd et al.,
2005; Dodd & Leahy, 1989). It is argued that ISD reflects a deficit in phonological
planning during which phonemes are selected from the mental lexicon and
sequenced for a target word (Dodd et al., 2005). It has also been demonstrated that
children with articulation and/or phonological disorders have variable speech
production (Bradford & Dodd, 1996; Dodd et al., 2005; Iuzzini, 2012; IuzziniSeigel et al., 2017; Macrae, Tyler, & Lewis, 2014). However, the central
characteristics of an articulation disorder are consistent distortions of particular
sounds (Dodd et al., 2005; Dodd, Reilly, Ttofari Eecen, & Morgan, 2018).
Concerning phonological disorder, errors are typically consistent, in specific
phonemic contexts occurring as speech sound deletions and/or substitutions (Dodd
et al., 2005; Dodd et al., 2018; Shriberg, Kwiatkowski, & Mabie, 2019). It has been
19

stated that an articulation disorder is based on an inaccurate motor programme for
a production of specific speech sounds (Dodd et al., 2018; Morgan & Günther, 2017;
Preston, Hull, & Edwards, 2013). A phonological disorder is generally determined
as a cognitive linguistic impairment of learning how the sounds of ambient
language can be combined to form words to signal different meanings (e.g. Dodd
et al., 2005; Shriberg et al., 2005). The underlying mechanisms of phonological
disorders remain unknown. It has been proposed that deficits lie in rule derivation
and cognitive flexibility (Dodd & McIntosh, 2008), perceptual and articulatory
skills (Munson, Edwards, & Beckman, 2005), encoding acoustic-perceptual signals
(Roepke, Bower, Miller, & Brosseau-Lapré, 2020), and articulatory gestures
(Namasivayam, Coleman, O’Dwyer, & van Lieshout, 2020), for example.
The prevalence of intra-word variability among children with SSD with an
unknown cause has been more thoroughly investigated in some studies (Table 2).
In Iuzzini’s research (2012), intra-word variability was assessed using the IA (Dodd
et al., 2006). The speech production of children with CAS was the most variable
and the most consistent in TD children, while children with a phonological disorder
showed intermediate variability scores. Based on a narrow transcription, Iuzzini’s
specified the diagnostic cut-off score for a phonological disorder as below 48%.
For CAS, it was above 52%. In the study by Bradford and Dodd (1996), children
with developmental verbal dyspraxia (also known as CAS) and ISD were the most
variable. The percentage of variability was above 60 for both groups (based on a
broad transcription) in the 25-Word Test (now known as the IA). Dodd and
McCormack (1995) also determined intra-word variability among children with
different types of phonological disorders using the 25-Word Test. They reported the
highest variability in scores among children with ISD. Currently, ISD is diagnosed
if a child provides a variability score of at least 40% in the IA (Dodd et al., 2006)
based on broadly transcribed responses. Macrae et al. (2014) investigated wordlevel variability in 18 children with SSD. Based on a broad transcription from a
story retell, the mean variability was 41% for the participants.
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Table 2. Studies assessing intra-word variability in children with idiopathic speech
sound disorder (SSD) and their typically developing peers (TD).
Study

Subgroups

n

Age

% of speech variability

Used task

51

57.0

9.1%

25-Word Test

Delay

22

61.5

20.1%

Consistent

15

56.2

24.2%

Inconsistent

9

50.2

61.9%

DVD

5

64.0

69.8%

TD

10

53.7

Prevalence was highest

Delay

11

62.2

among Inconsistent, followed

Consistent

by Consistent, then by Delay,

Bradford & Dodd, 1996 TD

Dodd et al., 1995

Iuzzini, 2012

Macrae et al., 2014

10

58.9

Inconsistent 12

55.5

and lowest among TD.

TD

29

53.2

Prevalence was highest

PD

15

53.7

among CAS, followed by PD

CAS

14

51.9

SSD

18

42–65

25-Word Test

IA

and then TD.
41%

Story retell

(no CAS)
Note. Age = Mean age in months; Delay = Delayed articulatory and/or phonology skills; Consistent =
Consistently used non-developmental phonological processes; Inconsistent = Inconsistent speech
disorder; DVD = Developmental verbal dyspraxia (also known as CAS); PD = Phonological disorder; CAS
= Childhood apraxia of speech; 25-Word Test = Now known as The Word Inconsistency Assessment
(IA).

2.3

Sources of variability in speech production

The literature has proposed multiple possible explanations for variable speech
production. In this study, proposed explanations have been classified in three
categories: sources relating to speech processing; demographic; and lexical and
phonological factors. These factors and studies concerning the connection between
them and variable speech production are presented in Table 3. The studies’ findings
are divided according to whether they support the factor’s relevance.
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Table 3. Summary of possible sources of variable speech production in children, and
studies assessing the relationship.
Source of speech variability
Relationship supported
Related to speech processing
Speech perception
Phonological representations
Phonological planning
Speech motor control

Sayyahi et al., 20171
Terband & Maassen, 20101
Macrae & Sosa, 20151
Dodd & McCormack, 19951
Ozanne, 19951
Kent, 19921
Terband & Maassen, 20101

Related to demographic factors
Age

Burt et al., 1999
deCastro & Wertzner, 2011
Faes & Gillis, 2018
Holm et al., 2007
Iuzzini, 2012
Kenney & Prather, 1986
Macrae, 2013
McLeod & Hewett, 2008
Sosa, 2015
Gender
de Castro & Wertzner, 2011
Holm et al., 2007
Kenney & Prather, 1986
Related to lexical and phonological factors
Expressive vocabulary
Dodd & McCormack, 1995
Macrae, 2013
Macrae & Sosa, 2015
Sosa & Stoel-Gammon, 2012
Receptive vocabulary
Dodd & McCormack, 1995
Macrae et al., 2014
Age of acquisition of words
Word frequency
Neighbourhood density
Word length

Phonetic/phonological
complexity

1

Studies
Relationship not supported

Sosa & Stoel-Gammon, 2012
Sosa & Stoel-Gammon, 2012
Faes & Gillis, 2018
Sosa, 2015
Tubul-Lavy, 2012
Leonard et al., 1982
Macrae, 2013
Sosa & Stoel-Gammon, 2012

Burt et al., 1999
Macrae & Sosa, 2015
Sosa & Stoel-Gammon, 2012

Burt et al., 1999
Sosa & Stoel-Gammon, 2012

Sosa & Stoel-Gammon, 2006
Zanobini et al., 2012

Holm et al., 2008
Macrae & Sosa, 2015
Macrae, 2013
Sosa & Stoel-Gammon, 2012

Macrae & Sosa, 20152

Phonotactic probability
Sosa & Stoel-Gammon, 2012
= Based on reasoning or computer simulation. 2 = Based on an articulation test.

Speech processing factors refer to the cognitive and motor issues included in
producing speech, i.e. speech perception, phonological representations,
phonological planning, and speech motor control (e.g. Guenther, 1995; Guenther,
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Ghosh, & Tourville, 2006; Stackhouse & Wells, 1997; Van der Merwe & Steyn,
2018). From a developmental perspective, accurate speech perception is one of the
rudimentary elements of typical speech development (e.g. Kuhl et al., 2007). It is
proposed that a deficit in speech sound discrimination brings on variability in
speech production (Sayyahi, Soleymani, Akbari, Bijankhan, & Dolatshahi, 2017).
Furthermore, a robustness of phonological representations is posited as a
prerequisite for accurate speech (Elbro, Borstrom, & Petersen, 1998; Shriberg et
al., 2005; Thomas & Sénéchal, 1998). Underspecified phonological representations
of words may impede speech production, which can in turn lead to variable speech
(Macrae & Sosa, 2015). On the other hand, it has been stated that phonological
representations of words may be intact, but a deficit in creating phonological plans,
i.e. selecting and sequencing sounds for words, may give rise to variable speech
production (Dodd & McCormack, 1995; Ozanne, 1995). Finally, immaturity in
early speech motor control may be related to the consistency of speech (see Kent,
1992 for a review). According to neurocomputational simulations, a motor
programming deficit, alone or in combination with an auditory processing deficit,
leads to highly variable speech production, among other things (Terband &
Maassen, 2010). However, no clinical studies have directly assessed the association
between speech processing factors and variable speech production.
Regarding demographic factors, an explanation for variable speech production
has been sought in age and gender (see Table 3). Many, but not all studies have
found a correlation between the participants’ age and variable speech production.
Macrae and Sosa’s study (2015) was one of three studies that did not find any
relationship as expressive vocabulary proved to be the only unique predictor of
variable speech. As for the study by Sosa and Stoel-Gammon (2012), the age
difference between the study groups was only six months, which may not be
sufficient to capture any developmental changes. The role of gender has been
investigated less, and the results are mixed. Some studies have reported that boys’
speech production is more variable than girls’ (de Castro & Wertzner, 2011; Holm
et al., 2007; Kenney & Prather, 1986), while a gender difference has not been found
in others (Burt et al., 1999; Sosa & Stoel-Gammon, 2012).
Of potential lexical sources of speech variability, the focus has been on
receptive vocabulary (Holm, Farrier, & Dodd, 2008; Macrae et al., 2014),
expressive vocabulary (Macrae, 2013; Sosa & Stoel-Gammon, 2006, 2012;
Zanobini, Viterbori, & Saracenoa, 2012) or both (Dodd & McCormack, 1995;
Macrae & Sosa, 2015) with contradictory results. Of other lexical factors, word
frequency and the phonological neighbourhood density, i.e. the number of words
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that differ from a target word by a single phoneme, have been reported to have a
significant effect on production variability (Sosa & Stoel-Gammon, 2012). Of the
potential phonological factors, apart from the study by Macrae and Sosa (2015),
the findings are parallel, in that longer and phonetically/phonologically more
complex words are produced more variably (Faes & Gillis, 2018; Leonard, Rowan,
Morris, & Fey, 1982; Macrae, 2013; Sosa, 2015; Sosa & Stoel-Gammon, 2012;
Tubul-Lavy, 2012). Phonotactic probability, i.e. the likelihood of the occurrence of
a sound sequence in a given language has not been found to correlate with variable
speech production (Sosa & Stoel-Gammon, 2012).
In the following sections, phonological representations and speech production
skills and their possible role in variable speech will be more thoroughly reviewed.
2.3.1 Phonological representations
Well-specified and easily accessed phonological representations are one of the
requirements for accurate speech production (Elbro et al., 1998; Shriberg et al.,
2005; Thomas & Sénéchal, 1998). According to the psycholinguistic model, the
term ‘phonological representation’ refers to the storage of a word’s phonological
information in the memory (Stackhouse & Wells, 1997), in which it is proposed
that speech perception abilities play an essential role (Rvachew & Grawburg, 2006).
Thus, impaired auditory discrimination, which is documented to occur at least
among some children with SSD (e.g. Froud & Khamis-Dakwar, 2012; Maassen,
Groenen, & Crul, 2003; Munson et al., 2005; Nijland, 2009; Rvachew & Jamieson,
1989; Rvachew, Ohberg, Grawburg, & Heyding, 2003; Sayyahi et al., 2017; see
Hearnshaw, Baker, & Munro, 2019 for a review), may lead to an inability to form
robust categorical representations of ambient sounds, and consequently to variable
speech production. This impression was supported by Sayyahi et al. (2017) who
found that children with ISD had more difficulty with auditory discrimination than
TD children or children who made consistent speech errors.
The motor theory of speech perception holds that articulatory gestures rather
than sounds form the basis of phonological representations (Liberman, 1999;
Liberman & Mattingly, 1985). Articulatory gestures are described as coordinated
patterns of the vocal tract organs (Studdert-Kennedy, 1987): for example, the
phoneme /m/ is composed of labial, velum, and glottal gestures. Related to this
view, Sénéchal et al. (Sénéchal, Quellette, & Young, 2004; Thomas & Sénéchal,
1998) found that inaccurate speech production hinders the development of
phonological representations among TD children.
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According to the Lexical Restructuring Model (Metsala & Walley, 1998),
infants’ phonological representations of words are initially stored as whole
underspecified units but become gradually more refined with an expanding lexicon
(see also Edwards, Beckman, & Munson, 2004). In particular, an increasing number
of words differing from each other only by one phoneme addition, substitution, or
omission, i.e. the growth of the lexicon’s neighbourhood density, creates pressure
for more phonologically segmented representations (Walley, Metsala, & Garlock,
2003). In some studies, children’s variable speech production has been reported to
be associated with limited vocabulary knowledge (Macrae, 2013; Macrae & Sosa,
2015; Macrae et al., 2014; Sosa & Stoel-Gammon, 2012; but see also Sosa & StoelGammon, 2006; Zanobini et al., 2012), which is proposed to relate to incomplete
phonological representations (Macrae & Sosa, 2015; Macrae et al., 2014; Sosa &
Stoel-Gammon, 2012). However, number of studies also support the impression
that children may already be sensitive to individual segments of phonological
representations from an early age (Ballem & Plunkett, 2005; Coady & Aslin, 2004;
Demuth & Song, 2012; Foy & Mann, 2009; Swingley, 2005; Swingley & Aslin,
2000; White & Morgan, 2008). To unify these divergent findings, Werker and
Curtin (2005) developed the Processing Rich Information from Multi-dimensional
Interactive Representations (PRIMIR) framework. According to this
developmental framework, infants can restore detailed information from the input,
but their ability to access this information depends on the children’s developmental
level, perceptual biases (e.g. their preference for infant-directed speech), and the
demands of the task at hand.
Children with SSD have been found to have poorer abilities to form, access,
and fine-tune phonological representations of words (Anthony et al., 2010;
Anthony et al., 2011; McNeill, Gillon, & Dodd, 2009; Sutherland & Gillon, 2005,
2007). In tasks developed to investigate the precision and accessibility of
underlying representations of words, children have been asked to correct a handheld puppet’s pronunciation of a label for a well-known object (Anthony et al.,
2010; Elbro et al., 1998; Foy & Mann, 2001), to judge the correctness of a familial
multisyllable word’s pronunciation (Ainsworth, Welbourne, & Hesketh, 2016;
Anthony et al., 2010; Claessen, Heath, Fletcher, Hogben, & Leitao, 2009; McNeill
et al., 2009; Sutherland & Gillon, 2005, 2007) and newly learned nonwords
(Sutherland & Gillon, 2005, 2007). In some studies, the quality of phonological
representations has been examined via rapid naming (Anthony et al., 2010; Foy &
Mann, 2001), word (Ainsworth et al., 2016) and sentence repetition (Anthony et al.,
2010), picture naming (Elbro et al., 1998), speech discrimination (Foy & Mann,
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2001), and a receptive gating task (Gillon, 2005). An association between the level
of specification of the phonological representations and performance in
phonological awareness (Anthony et al., 2011; Elbro et al., 1998; Rvachew, 2006;
Sénéchal et al., 2004; Sutherland & Gillon, 2007) and NWR tasks (Edwards et al.,
2004) has also been supported.
In summary, the occurrence of speech variability has been shown to relate to
impaired speech perception and lower vocabulary knowledge. Both of these factors
have been proposed to be linked to the quality of phonological representations. In
the current study, in addition to vocabulary knowledge, the role of phonological
representations in inconsistent speech was investigated through children’s
phonological awareness and NWR skills.
Phonological awareness
Phonological awareness generally refers to a child’s ability to shift attention to a
sound structure of a word separately from its meaning. Typically, the development
of phonological awareness proceeds from larger to smaller sound units. More
specifically, children master word-level units before syllable sensitivity, and
syllable-level units before onset-rime-level skills, and finally individual phonemes
of words (Anthony, Lonigan, Driscoll, Phillips, & Burgess, 2003; Carroll,
Snowling, Stevenson, & Hulme, 2003). A low-level, i.e. large-segment, awareness,
such as judgements of the similarities between multiphonemic units and syllabic
segmentation, appears to be an implicit consequence of learning language (Carroll
et al., 2003), and is reported to emerge around the age of 4 or 5 (Burt et al., 1999;
Carroll et al., 2003; Silvén, Poskiparta, Niemi, & Voeten, 2007). At the other end
of the continuum are higher-level phonological awareness skills which require
explicit access to and manipulation of linguistic segments of oral language, such as
phoneme addition to or deletion from a word. Some researchers have posited that
the development of these segmental levels, i.e. phonemic awareness skills, is based
on vocabulary growth (Edwards et al., 2004; Rvachew, 2006; Walley et al., 2003),
and the accuracy of speech perception (Rvachew & Grawburg, 2006) and
articulation (Carroll et al., 2003; Roberts, 2005), while others have shown that some
kind of literacy instruction may be required (Foy & Mann, 2001; Jackson, Leitao,
& Claessen, 2016; Mann & Wimmer, 2002).
Children with SSD have often been demonstrated to have poorer phonological
awareness skills than TD children. This is frequently connected with the severity
and/or persistency of the SSD and a co-occurring impairment in language
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development (Larrivee & Catts, 1999; McNeill, Wolter, & Gillon, 2017; Peterson,
Pennington, Shriberg, & Boada, 2009; Raitano, Pennington, Tunick, Boada, &
Shriberg, 2004). Overall articulatory accuracy has not been found to be correlated
with phonological awareness (Preston & Edwards, 2010; Rvachew, Chiang, &
Evans, 2007; Rvachew & Grawburg, 2006), but when speech errors have been
classified qualitatively, atypical sound changes and the omission of consonants
(Brosseau-Lapré & Roepke, 2019; Dodd et al., 2005; McNeill et al., 2017; Preston
& Edwards, 2010; Preston et al., 2013) are posited to be related to poorer
phonological awareness. Furthermore, inaccurate phonological representations
(Brosseau-Lapré & Roepke, 2019; Holm et al., 2008; Preston & Edwards, 2010;
Preston et al., 2013) and impaired speech perception, which is argued to be a reason
for deficits in phonological representations (Rvachew & Grawburg, 2006), are
proposed as underlying sources of poorer phonological awareness. Some
researchers have also suggested that variable speech production hinders the
formation of phonemic categories (Forrest et al., 1997; Iuzzini, 2012), which in
turn could affect phonological awareness. The association between variable speech
and phonological awareness has not been directly studied.
Nonword repetition
Nonword repetition tasks were originally developed to measure the capacity of the
phonological short-term memory (e.g. Gathercole, 2006; Gathercole & Baddeley,
1989). Gathercole et al. (Gathercole, Willis, Emslie, & Baddeley, 1992)
hypothesised that NWR skills reflected the ability to store novel phonological
material and thus form a basis for the learning of new words. Another view of the
association between NWR and vocabulary holds that accurate repetition of
nonwords is a result of a growing vocabulary (Bowey, 2001, 2006; Metsala, 1999;
Metsala & Walley, 1998). As Ellis Weismer and Edwards (2006) propose, when
‘…the size of the lexicon increases, phonological representations become less
context sensitive so that nonword repetition accuracy is less dependent on whether
the child has encountered a similar sequence in a known word’ (p. 558). Recently,
it has also been reported on tentative evidence of reciprocal relationships between
NWR and growth in vocabulary, especially during the early stages of language
learning (Verhagen, Boom, Mulder, de Bree, & Leseman, 2019).
Instead of phonological storage, some researchers have focused on the role of
phonological processing skills in NWR. Phonological processing refers to
cognitive skills that tap the sound structure of oral language (Anthony, Williams,
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McDonald, & Francis, 2007). It is argued that this is involved in most of the
components of NWR, including the perception of a sound pattern, encoding, i.e.
parsing this acoustic input into speech units, and based on this, forming a
phonological representation, and temporarily retaining it in the memory, retrieving
the representation from the phonological storage, transcoding, i.e. assembling a
motor plan and a programme for the response, and finally articulating it (e.g. Bowey,
2001, 2006; Coady & Evans, 2008). It is posited that deficits of phonological
processing affect language learning (e.g. Bowey, 2001, 2006; Coady & Evans,
2008), so NWR tasks are frequently used to track signs of these impaired
mechanisms.
As noted above, the relationship between NWR and vocabulary knowledge is
found to be close. In most studies, only receptive vocabulary has been measured
and found to be correlated with NWR (e.g. Bowey, 2001; Gathercole et al., 1992;
Metsala, 1999; Verhagen et al., 2019). In contrast to this, in a study by Edwards
and Lahey (1998), receptive vocabulary was not a significant predictor of NWR
accuracy in the TD group. The authors speculated that this was a result of the nature
of the vocabulary test and nonwords used. Subsequently, Edwards et al. (2004)
showed that the participants’ expressive vocabulary size was a better predictor of
accuracy in NWR than their receptive vocabulary. The authors proposed that both
acquiring and producing words of the ambient language resulted in more robust
phonological knowledge, which was further reflected in more accurate NWR.
The contributions of speech motor skills to NWR are less understood. In the
study by Edwards et al. (2004), TD children’s articulatory ability, assessed using
the Goldman-Fristoe Test of Articulation (GFTA) (Goldman & Fristoe, 2000), did
not predict the accuracy of NWR. More recently, it has been reported that TD
children repeat real words more accurately than nonwords (Reuterskiöld & Grigos,
2015) and phonemically simple nonwords better than complex nonwords
(Sasisekaran, Smith, Sadagopan, & Weber-Fox, 2010). In these studies, the
difference was also evident in kinematic-level measures because articulatory
movements were more coordinated during real words and phonemically easier
nonwords. The authors interpreted their results as lending tentative support to the
role of speech motor output processes in NWR.
Children with SSD only (i.e. with no remarkable developmental language
delay) have generally provided lower NWR scores than their TD controls (Munson
et al., 2005; Roepke et al., 2020; Shriberg, Lohmeier, Strand, & Jakielski, 2012).
The hypotheses on the reasons for this poorer performance have ranged from
impaired speech perception skills to a deficit in articulating the response, and the
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stages in between (Munson et al., 2005; Roepke et al., 2020; Shriberg et al., 2012).
This probably reflects the heterogeneity of SSDs. There has only been one study of
NWR and variable speech production thus far. Macrae et al. (2014) found that
children’s (aged 3;6–5;5) poor performance in a NWR task was correlated with
high phonological variability. The authors concluded that the findings supported an
explanation of indistinct underlying phonological representations of variable
speech. In their study, Macrae et al. did not examine the correlation between wordlevel variability and NWR or the role different cognitive processes involved in
NWR may have in variable speech production.
2.3.2 Speech production skills
Speech production involves both the production of sounds at the motor level (i.e.
phonetic skills) and the use of these sounds in accordance with the phonological
rules of the ambient language (i.e. phonological skills) (e.g. Kent, 2000; StoelGammon, 2011; Vihman, 2017). In this study, speech production skills are taken as
an indicator of the development of motor control abilities that regulate the motor
production of speech (Kent, 2000).
It is well demonstrated that the articulatory movements of young TD children,
even in errorless speech, are slower and more unstable than adults’ movements
(Cheng, Murdoch, Goozee, & Scott, 2007; Green et al., 2002; Nittrouer, 1993;
Smith & Goffman, 1998). Where children with SSD are concerned, and especially
among children with CAS, articulatory variability investigated by kinematic
measures is reported to be pronounced (Grigos, Moss, & Lu, 2015; Iuzzini, 2012;
Nijland, Maassen, & van der Meulen, 2003; Nijland, Maassen, van der Meulen,
Gabreëls, et al., 2003; Terband, Maassen, van Lieshout, & Nijland, 2011; Vuolo &
Goffman, 2016). This could reflect impairment at the level of motor planning
and/or motor programming, which is hypothesised as a causal factor of CAS
(ASHA, 2007). It has been suggested that children’s premature (Kent, 1992) or
impaired (Terband & Maassen, 2010) speech motor control affects the consistency
of speech. In line with this, according to the Articulatory Phonology model
(Browman & Goldstein, 1992), it has been proposed that variable speech among
children with CAS is derived from unstable and uncoordinated articulatory
synergies (Namasivayam et al., 2020). Thus far, however, no evidence has been
found to support the connection between articulatory variability and segmental
level accuracy (Goffman, Gerken, & Lucchesi, 2007; Vick et al., 2012; Vuolo &
Goffman, 2016; 2018).
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Another possible cause of variable speech production is related to the
deteriorating effect of motor limitations on higher-level linguistic processes
(Forrest et al., 1997; Iuzzini, 2012). That is, if a child’s production of a target speech
sound varies irregularly, the correspondence between specific articulatory
movement and its perceptual consequence will fluctuate. This may inhibit the
establishment of phonemic categories of the ambient language which, in addition
to primary motoric reasons, may echo the variability of speech production.
Assessment of speech production skills
It has been stated that in behavioural measures, the percentage of consonants
correct (PCC) administered from spontaneous or single-word speech samples is ‘a
measure of articulation proficiency’ (p. 265) and describes the severity of a speech
disorder (Shriberg & Kwiatkowski, 1982). Measures of the percentage of vowels
correct (PVC) and the percentage of phonemes correct (PPC, i.e. both consonants
and vowels are included in the calculation) have also been used (Shriberg, Austin,
Lewis, McSweeny, & Wilson, 1997) because the role of vowels in impaired speech
development and differential diagnosis has been raised (e.g. Iuzzini-Seigel et al.,
2017; Jacks, Marquardt & Davis, 2013; Ozanne, 1995; Shriberg, Potter, & Strand,
2011). It is proposed that vowel errors (e.g. Iuzzini-Seigel et al., 2017; IuzziniSeigel & Murray, 2017; Lewis, Freebairn, Hansen, Iyengar, & Taylor, 2004;
Shriberg, Aram, et al., 1997) and especially vowel distortions (Namasivayam et al.,
2013; Shriberg et al., 2011) are markers of motor speech involvement. On the other
hand, Ozanne (1995) reported that vowel errors may be related to a deficit in
phonological planning, signalling linguistic rather than motoric challenges. In that
study, the types of vowel error were not more accurately defined, but distortions
(generally) were proposed to reflect an impairment in the motoric aspects of speech
production (as well as in Preston et al., 2013; Terband, Maassen, Guenther, &
Brumberg, 2009; Van der Merwe & Steyn, 2018, but see also Iuzzini-Seigel &
Murray, 2017). Consequently, it appears that using the measures of PCC, PVC, and
PPC, in which distortions of sounds are counted as errors, may be a useful
behavioural tool for tracing the motor components of variable speech production.
There are only a few studies of the connection between
articulatory/phonological-level measures and variable speech production. Macrae
and Sosa (2015) found no correlation between performance in the articulatory test
(GFTA, Goldman & Fristoe, 2000) and intra-word variability in TD children aged
2;6 to 4;2. The authors hypothesised that the GFTA might not be sufficiently
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sensitive to bring out differences in TD children’s speech sound production abilities.
However, the phonetic and phonological complexity of a word have been
demonstrated to be associated with the accuracy and consistency of production.
That is, long words with complex syllable structures and late-acquired sounds may
be more challenging to pronounce, and thus more variable (Faes & Gillis, 2018;
Leonard et al., 1982; Macrae, 2013; Sosa, 2015; Sosa & Stoel-Gammon, 2012).
To investigate the motor aspects of speech production in particular, spoken
diadochokinetic tasks (DDK) have been conducted (Diepeveen, van Haaften,
Terband, de Swart, & Maassen, 2019; Rvachew, Ohberg, & Savage, 2006; Terband,
Maassen, & Maas, 2019; Thoonen, Maassen, Gabreëls, Schreuder, & de Swart,
1997; Williams 2015; Williams & Stackhouse, 2000; Yaruss & Logan, 2002),
because it is stated that the repetition of non-meaningful syllable strings is free of
linguistic issues (Stackhouse & Wells, 1997). Researchers have been interested in
the rate of monosyllabic (e.g. /pɑ/, /tɑ/, /kɑ/), bisyllabic (e.g. /pɑtɑ/), or trisyllabic
sequences (e.g. /pɑtɑkɑ/) (Diepeveen et al., 2019; Thoonen, Maassen, Gabreëls, &
Schreuder, 1999; Williams, 2015; Williams & Stackhouse, 1998). The clinical
usefulness of the rate of repetition among young children whose performance is
often variable has been questioned (Cohen, Waters, & Hewlett, 1998; Williams &
Stackhouse, 2000), while some researchers have reported the DDK protocol to be
appropriate from the ages of 3 (Diepeveen et al., 2019) and 4 onwards (Rvachew
et al., 2006).
Some authors have proposed that the accuracy and consistency of DDK
repetition is worth consideration (Preston & Edwards, 2009; Williams, 2015;
Williams & Stackhouse, 2000; Yaruss & Logan, 2002). Williams and Stackhouse
(2000) reported that compared to 4–5-year-old TD children, 3-year-olds were
remarkably less accurate in syllable sequence repetition. They also found that the
consistency of repetitions improved significantly between 3 and 4 years of age.
Based on these findings, Williams and Stackhouse concluded that at least among
children aged between 3 and 4, consistency of responses, rather than accuracy,
could be a more informative measure for assessing children’s DDK skills.
Children with SSD have exhibited poorer performance in DDK tasks than TD
children (Bradford & Dodd, 1996; Ozanne, 1995; Williams, 2015). Higher
consistency, but not accuracy, in DDK tasks has been found to be correlated with
more consistent performance in the IA (Williams, 2015). Some researchers have
considered an inability to produce correct sequences of /pataka/ an important
diagnostic feature of CAS (Murray et al., 2015; Thoonen, Maassen, Wit, Gabreëls,
& Schreuder, 1996), while others have proposed that difficulties in DDK tasks
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indicate speech impairment in general, but not any specific sub-group (Williams,
2015).
In summary, more variable articulatory movements among young children and
children with SSD have been clearly demonstrated but no connection to the
articulatory/phonological-level performance has been found. In segmental-level
measures, the results have been mixed. In this study, the association between
children’s speech production skills and inconsistent speech was analysed using
three behavioural segmental-level measures: picture naming, conversation speech
and a DDK task.
2.4

Some characteristics of Finnish phonology

Typological differences between languages make it worthwhile to discuss some
characteristic features of Finnish phonology that may be related to the occurrence
of variability in speech production. The phoneme system of Finnish consists of 8
vowels /a, e, i, o, u, y, æ, œ/ and 13 consonants /p, t, d, k, n, m, ŋ, l, r, s, h, ʋ, j/.
The consonants /b, g, f, ʃ/ may occur in loan words. This means that in endogenous
Finnish words, two fricatives, /s, h/, occur, and there is a voiced/voiceless
opposition only between /t/ and /d/ (Karlson, 1983). The latest-acquired consonants
are /d/, possibly due to its low frequency in Finnish words (Toivainen, 1997), and
/r/, which is a motorically demanding apico-alveolar trill. They are reported to be
mastered by the age of 5;0, although some phonetic distortions may still occur
(Kunnari, Savinainen-Makkkonen, & Saaristo-Helin, 2012). The other consonants
and all the vowels are almost completely mastered at the age of 3 (Aalto, SaaristoHelin, & Stolt, 2019; Kunnari, et al., 2012; Saaristo-Helin, 2009). Syllable
structures of CV (consonant-vowel), CVV, and CVC occur most frequently in early
words (Kunnari, 2000). Consonant clusters in the initial and final position of words
appear rarely, especially in endogenous words, but word-medial consonant
sequences are common (e.g. lin.tu ‘a bird’, kam.pa ‘a comb’).
Monosyllabic words are rare in Finnish, and even the early words of toddlers
are mainly bisyllabic (Kunnari, 2000). The proportion of bisyllabic words is high
in Finnish, but trisyllabic and longer words are also typical (Karlson, 1983). The
Finnish language is highly inflected, so suffixes added to the end of a word increase
word length further (e.g. ta.lo ‘a house’, ta.los.sa ‘in a house’, ta.los.sa.ni ‘in my
house’). TD children are quite capable of producing correct word length in even
multisyllabic words by the age of 3;6 (Aalto et al., 2019; Saaristo-Helin, 2009;
Turunen, 2003).
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3

The aim of the study

The purpose of this thesis was to investigate the manifestation of intra-word
variability, i.e. the accuracy and consistency of reiterated words, in young typically
developing children (TD) and children with speech sound disorder (SSD). In
addition, the association of speech inconsistency with the quality of phonological
representations and speech production skills was examined to trace possible
sources of inconsistent speech production. To provide further enlightenment for the
role of nonword repetition (NWR) in inconsistent speech, the association of NWR
with some cognitive and speech production skills was investigated. The specific
aims of the study were:
1.
2.
3.

to examine intra-word variability in TD children aged between 3;0 and 6;11
(Study I);
to examine intra-word variability in children with SSD aged between 3;2 and
5;5 compared with age- and gender-matched peers (Study II);
to examine the association of speech inconsistency with the quality of
phonological representations assessed by vocabulary knowledge, phonological
awareness and NWR, and speech production skills among TD children and
children with SSD (Studies I, II, and III). To clarify the function of underlying
processes of NWR in inconsistent speech production, a further aim was to
examine the association of NWR with vocabulary knowledge, phonological
awareness, and speech production skills (Study III).
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4

Methods

4.1

Participants

A flow chart of the study design is shown in Figure 1, and descriptive background
information about the participants in Table 4. In Study I, typically developing
participants aged between 3;0 and 6;11 were recruited from early childhood
education centres in the neighbourhood of Joensuu, a town in the eastern part of
Finland. Heads of the centres were first telephoned to confirm their willingness to
be involved in recruiting study participants. If the staff of the centre agreed, they
were informed of the inclusion criteria of the research and asked to deliver an
information letter and consent sheet to the parents of children whom they assumed
to fulfil the criteria. Parents who gave permission for their child to participate in
the study were asked to fill in a questionnaire about their child’s developmental
history.
Participating children had to be monolingual speakers of Finnish and have a
typically proceeded overall development, based on parental questionnaires and
reports of the teachers of the childhood education centres. Children had to have
passed the annual screening tests for hearing at the child’s welfare centre and have
no diagnosed developmental or genetic disorders reported by their parents. The
participants’ typical speech development was ensured with the Finnish Test for
Phonology (Kunnari et al., 2012), typical vocabulary skills with the Expressive
One-Word Picture Vocabulary Test – 4 (Martin & Brownell, 2010a) and the
Receptive One-Word Picture Vocabulary Test – 4 (Martin & Brownell, 2010b), and
age-appropriate speech comprehension with the Finnish standardised version of the
Reynell Developmental Language Scales III (Edwards et al., 1997). Furthermore,
normal oral structure and motor function were required (e.g. no cleft-palate or signs
of dysarthria). Recruitment of participants continued until the data were available
from a total of 80 children: 10 girls and 10 boys in each age group of 3-, 4-, 5-, and
6-years. The number of participants in each age group was based on an estimation
made by power calculations.
In Study II, children with SSD were recruited through an announcement in a
regional newspaper and on the noticeboards of local child welfare centres. The
prerequisites to participate in the study were partly the same as in Study I: children
had to be aged between 3;0 and 6;11, be monolingual speakers of Finnish, have
typical receptive language skills, normal nonverbal intelligence, normal hearing,
35

normal oral structures and oro-motor skills, and no diagnosed developmental or
genetic disorders. Unlike the TD children, the expressive vocabulary of the children
with SSD was not assessed, because their speech impairment might have made
reliable interpretation of their responses difficult. Furthermore, among the children
with SSD, typical nonverbal intelligence was confirmed by the Leiter International
Performance Scale – 3rd Edition (Roid, Miller, Pomplun, & Koch, 2013), and
normal hearing with a bilateral pure-tone hearing screening at frequencies of 500,
1,000, 2,000, and 4,000 Hz presented at 20 dB HL. They also had to have a score
of < 16th percentile in the Finnish Test for Phonology (Kunnari et al., 2012), and no
reported history of speech and/or language therapy.
Initially, parents who contacted the researcher and declared their willingness
to participate in the study were first interviewed by telephone to approximately
estimate the children’s suitability for the research. Subsequently, 45 children with
SSD were met individually. Prior to the more closed assessments, the parents
completed a case history form. Out of 45 children, 13 were excluded due to weak
receptive language and/or expressive language that was so restricted that naming
the phonology test’s pictures was impossible. As a result, 32 children (18 boys and
14 girls) with SSD aged 3;2–5;4 were included in the study. No attempt was made
to categorise children in different sub-groups of SSD because there is no
appropriate diagnostic criteria for Finnish-language children. For each participating
child with SSD, an age- (within 2 months) and gender-matched peer from the TD
children who participated in Study I was selected. There were no statistically
significant between-group differences in receptive language skills (p > 0.05).
The participants in Study III were a subset of children who participated in
Study II. In Study III, there were two additional inclusion criteria: due to the
diadochokinesia (DDK) task, participants had to use syllable initial /p/, /t/, /k/ in
their spontaneous speech, and children with SSD had to have produced words
inconsistently in an intra-word variability measure. Of 32 children with SSD in
Study II, one was excluded for not producing /t/, and six for not producing /k/ in
their spontaneous speech. Furthermore, one child was excluded from both study
groups, because they failed the DDK task. As a result, 24 children with SSD and
31 TD children participated in Study III. There were no statistically significant
differences between the study groups in age, gender, or receptive language skills
(p > 0.05).
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Fig. 1. A flow chart of the study design.
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Boys/girls
(n/n)
10/10
10/10
20/20
18/14
18/14
17/14
13/11

n
20
20
40
32
32
31
24

52.3 (7.4)
53.7 (6.9)

52.1 (7.4)
52.5 (7.5)

42.5 (2.9)
53.9 (3.3)
71.8 (7.7)

Age in months

103.7 (9.6)
101.9 (9.2)

103.8 (9.2)
102.6 (9.1)

109.7 (4.8)
102.5 (8.9)
105.6 (10.7)

RDLS III

77.5 (19.0)
82.2. (21.3)

77.7 (18.7)
79.6 (22.5)

56.4 (11.3)
81.7 (13.5)
123.4 (26.0)

ROWPVT

n/a
n/a

n/a
n/a

50.7 (6.6)
66.4 (9.9)
85.9 (11.7)

EOWPVT

66.2 (23.5)
3.4 (4.2)

65.7 (23.3)
3.1 (4.2)

67.3 (22.0)
72.8 (27.4)
51.6 (22.3)

Phonology Test

percentiles; n/a = not available.

Test, raw score out of 190; EOWPVT = The Expressive One-Word Picture Vocabulary Test, raw score out of 190; Phonology Test = The Test for Phonology,

Developmental Language Scales III, Comprehension Scale, standard score (M = 100, SD = 15); ROWPVT = The Receptive One-Word Picture Vocabulary

Standard deviations are in parentheses. TD = Typically developing children; SSD = Children with speech sound disorder; RDLS III = The Reynell

Study/
Study group
Study I
TD group, aged 3 years
TD group, aged 4 years
TD group, aged 5–6 years
Study II
TD group
SSD group
Study III
TD group
SSD group

Table 4. Background characteristics of the participants in Studies I–III.

4.2

Ethical consideration

This study was conducted in accordance with the Declaration of Helsinki. The
study plan was approved by the Research Ethics Committee of the Northern Savo
Hospital District and the regional Heads of Child Services. Participation in the
study was voluntary and could be discontinued at any time with no consequences.
The parents gave their informed consent to the researcher before any assessments
took place, and the children gave their verbal assent. After each session, the
children received either a sticker or a small toy, according to their choice. All the
parents received a written summary of their child’s performance in the assessment
administered by the researcher, who was a certified SLT. Moreover, some parents
of the TD children (due to sound distortion/s occurring in their child’s speech, for
example) and the parents of the children with SSD received a verbal interpretation
and suggestions for further measures.
4.3

Data collection and procedure

The research data were collected over three to five private assessment sessions,
depending on the participant’s age, attention span, and group status. The TD
children were mainly assessed at their early childhood education centres, and the
children with SSD at the private clinic of the author of this thesis, with some
exceptions due to time or logistical issues. All sessions were audio and video
recorded using high quality recorders (i.e. Canon Legria HF G25 with a
microphone of Sennheiser ME 4 and Olympus LS-11, Linear PCM recorder). A
summary of the methods used to collect and analyse data in this study is presented
in Table 5.
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Table 5. Summary of the methods used to collect and analyse data for each study
variable.
Study variable

Data analysis

Study

Method used
Intra-word accuracy and consistency
Intra-word variability measure

Proportion of each response type:
Consistently correct

I, II

Consistently incorrect

I, II

Variable with hits

I, II

Variable with no hits

I, II, III

Expressive vocabulary

Expressive One-Word Picture Vocabulary Test

I

Receptive vocabulary

Receptive One-Word Picture Vocabulary Test

I, II

Phonological awareness

Rhyme and initial syllable awareness

III

Quality of phonological representations

Nonword repetition

Syllable segmentation

III

Percentage of phonemes correct revised (PPC-R)

III

Percentage of consonants correct (sPCC)

II

Speech production skills
Spontaneous speech sample

Percentage of consonants correct revised (sPCC-R)
Percentage of vowels correct (sPVC)

II

Percentage of vowels correct revised (sPVC-R)
Finnish Test for Phonology

Percentage of phonemes correct (pPPC)

III

DDK task

Accuracy of /pɑtɑkɑ/ sequences (DDKacc)

III

Consistency of /pɑtɑkɑ/ sequences (DDKcons)

III

4.3.1 Intra-word variability
The accuracy and consistency of speech production was assessed across multiple
productions of the same word, as suggested by Betz and Stoel-Gammon (2005).
There was thus no need to take into account the possible effects of different
phonetic or phrasal contexts on responses. In a picture-naming task, a child was
asked to name twenty pictures on three separate occasions during one assessment
session. The target words were 2–5 syllabic and composed of sound and syllable
structures frequently used by children aged between 3 and 6 (Appendix 1). Only
responses in which the child could spontaneously produce the target word three
times were included in the analysis. Of the 20 target words, the number of words
per child included in the analysis ranged between 18 and 20 in the TD group, and
between 17 and 20 words in the SSD group. The missing responses were a result
of naming difficulties.
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To compare the results with previous studies based on broad transcription, a
phonemic-level analysis (i.e. the substitution, omission, and addition of consonant
or vowel were considered an error) was conducted in Study I. In Studies II and III,
an analysis at the phonetic level (when a distortion of sound, except aspiration, was
also considered an error) was employed, because it has been reported that
distortions of sounds are linked to a motoric component of speech production (e.g.
Terband et al., 2011; Van der Merwe & Steyn, 2018).
The child’s responses were classified in one of four categories according to
response type: consistently correct (when each of the child’s three responses
matched the adult target, e.g. [itkeː, itkeː, itkeː], ‘to cry’); consistently incorrect
(when all three responses were similar but did not match the adult target, e.g. [ikːeː,
ikːeː, ikːeː]); variable with hits (when the child’s variable responses included at
least one matched with the adult target, e.g. [ikːeː, itkeː, ikːeː]); and variable with
no hits (when the responses included at least two different response types without
the matched adult target, e.g. [ikːeː, itːeː, içkeː]) (Grunwell, 1992). The proportion
of the ‘consistently correct’ response type, for example, was counted by dividing
the number of consistently correctly produced words by the total number of target
words the child named three times during the assessment and multiplying the result
by 100. For example, if s/he could name 19 pictures three times in the intra-word
variability task, and of these 19 target words, s/he produced 16 consistently
correctly, the ‘consistently correct’ percentage was calculated as follows: (16 [=
number of consistently correctly produced target words] / 19 [= total number of
target words included in the analysis]) x 100 = about 84%.
4.3.2 Phonological representations
The quality of the children’s phonological representations of words was indirectly
assessed by vocabulary, phonological awareness, and NWR tasks. It is stated that
the level of vocabulary knowledge (Edwards et al., 2004; Metsala & Walley, 1998),
phonological awareness (Anthony et al., 2011; Elbro et al., 1998; Rvachew, 2006;
Sénéchal et al., 2004; Sutherland & Gillon, 2007), and NWR skills (Edwards et al.,
2004) reflect the accuracy and distinctiveness of underlying phonological
representations. Furthermore, successful repetition of nonwords relies on multiple
components, including the phonological short-term memory (Gathercole &
Baddeley, 1989; Gathercole, 2006), phonological processing (Bowey, 2001, 2006;
Coady & Evans, 2008), and speech motor skills (Reuterskiöld & Grigos, 2015;
Sasisekaran et al., 2010). To obtain more knowledge of some of these underlying
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processes, the association between NWR and vocabulary knowledge, phonological
awareness, and speech production skills were further examined.
Vocabulary knowledge
The level of expressive vocabulary knowledge was determined for the TD children
(Study I) using the Expressive One-Word Picture Vocabulary Test – 4 (Martin &
Brownell, 2010a). During the assessment, the child is asked to name pictures that
are presented to him/her one at a time. The level of receptive vocabulary for both
TD children and children with SSD in Study II was assessed using the Receptive
One-Word Picture Vocabulary Test – 4 (Martin & Brownell, 2010b), in which the
child was asked to choose the one picture from four that matched the word said by
the examiner. Both tests were composed of 190 items, and the level of vocabulary
knowledge was determined by the raw scores out of 190.
Phonological awareness
Phonological awareness was investigated using two tasks: rhyme and initial
syllable awareness (adapted from Silvén, Niemi, & Voeten, 2002) and syllabic
segmentation (Mäkinen, 2002). These tasks were selected because both rhyme and
syllable awareness skills have been demonstrated to typically emerge around the
ages of 4 or 5 (Burt et al., 1999; Carroll et al., 2003; Silvén et al., 2007), and were
therefore estimated to be suitable for the participants of the current study. The
rhyme and initial syllable awareness task consisted of four practice items, with five
testing items for rhyming and five for initial syllable awareness (Appendix 2). The
child was shown a set of three pictures which recorded names s/he listened to
through headphones. In the rhyme task, s/he was asked to point out which two
words sounded almost similar, and in the initial syllable matching task, which two
words started with the same syllable. For the syllabic segmentation task, the child
listened to three practice words and 10 two- to five-syllabic experiment words
through headphones (Appendix 3), and was asked to say a given word,
simultaneously segmenting it into syllables. The trial was accepted if the child said
the word so that the separate syllables could be heard either with or without tapping.
Only the number of syllables was accounted for, not the correctness of articulation.
The responses of the syllabic awareness tasks were scored online during the
administration of the task but were later reviewed and verified from video
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recordings. The total score for both phonological awareness tasks was the number
of correct responses out of 10 items.
Nonword repetition
A nonword repetition task was composed of two practice nonwords followed by 10
two- to four-syllabic nonwords (Appendix 4) selected from the Finnish Nonword
Repetition Test (Kunnari, Tolonen, & Chiat, 2011). The nonwords obeyed Finnish
phonotactics and did not include late-emerging consonants and vowels (Kunnari et
al., 2012). Furthermore, in an attempt to reduce the challenges related to the motoric
component of speech production, only nonwords that included early mastered
syllable structures of CV, CVV, and CVC (Kunnari, 2000) were chosen for the
sample. The child was asked to repeat nonwords which were presented to him/her
over headphones. All responses were audio and video recorded for later
transcription. The responses were scored by calculating the percentage of
phonemes correct revised (PPC-R, i.e. the substitution, addition, and omission of
the phoneme were considered an error) (Shriberg, Austin et al., 1997). When using
NWR among the children with SSD, it must be decided whether all errors in
responses are considered phonological processing errors or are allowances made
for consistent substitutions occurring in the children’s speech (Wren, Roulstone, &
Miller, 2012). In this study, common articulatory errors and phonological processes
(i.e. at least 75% of productions of a target consonant or vowel were similarly
incorrectly realised in all available speech samples) were not counted as an error.
4.3.3 Speech production skills
Spontaneous speech and picture naming
The participants’ speech production skills were assessed from continuous speech
and picture-naming samples. To elicit the spontaneous speech, the researcher
conversed with the child about his/her favourite toys, games, and hobbies. The data
were collected from the beginning of the sample until 90 word types were obtained
(mean 90, range 86–90). Differently inflected words were considered different
word types.
Traditionally, only consonants have been included in speech analyses (Shriberg
& Kwiatkowski, 1982), but in the current study, vowels were also addressed,
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because their significance in the identification of impaired speech has been
highlighted (e.g. Davis, Jacks, & Marquardt, 2005; Iuzzini-Seigel & Murray, 2017;
Jacks et al., 2013; Ozanne, 1995; Shriberg et al., 2011). Sound distortions
(Namasivayam et al., 2013; Ozanne, 1995; Preston et al., 2013; Terband et al., 2009;
Van der Merwe & Steyn, 2018), vowel errors (Iuzzini-Seigel et al., 2017), and
especially vowel distortions (Namasivayam et al., 2013; Shriberg et al., 2011) are
thought to reflect motoric components of speech production. Hence, the data
obtained from spontaneous speech were analysed at both the phonetic and
phonemic levels to observe the occurrence of sound distortions in the participants’
speech. At the phonetic level, sound additions, omissions, substitutions, and
distortions, apart from aspiration, were considered errors. Speech production skills
were measured by calculating the percentage of consonants correct (hereafter sPCC)
(Shriberg & Kwiatkowski, 1982) and the percentage of vowels correct (hereafter
sPVC) (Shriberg, Austin et al., 1997). In the phonemic level analysis, the procedure
was similar to the phonetic analysis, but sound distortions were scored as correct.
In that case, the accuracy of consonant production was measured by calculating the
percentage of consonants correct revised (hereafter sPCC-R) and accuracy of
vowels by the percentage of vowels correct revised (hereafter sPVC-R) (Shriberg,
Austin et al., 1997).
In the Finnish Test for Phonology (Kunnari et al., 2012), the child named 90
pictures which represented words of one- to five-syllables in length. If the child
was unable to name the picture, s/he was yielded cues or a model for imitation. The
test is normed for children aged between 2;0 and 6;11. The performance was
analysed at the phonetic level by calculating the percentage of phonemes correct
which involved both consonants and vowels correct (hereafter pPPC) (Shriberg,
Austin et al., 1997).
DDK task
The DDK task is considered an index of speech motor control abilities (Diepeveen
et al., 2019; Terband, Maassen et al., 2019; Thoonen et al., 1997; Williams, 2015;
Yaruss & Logan, 2002). As researchers differ in their views concerning the meaning
of the DDK rate assessment among young children (Cohen et al., 1998; Williams
2015; Williams & Stackhouse, 2000, but see also Diepeveen et al., 2019; Rvachew
et al., 2006), in the current study, the accuracy and consistency of repetition were
addressed. The task was chosen to involve repetition of /pɑtɑkɑ/ sequences, which
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has been proposed to be appropriate in tracking deficits at the level of speech motor
planning and/or programming (Murray et al., 2015; Thoonen et al., 1996).
The child was asked to produce a trisyllabic sequence /pɑtɑkɑ/ as accurately
and quickly as possible after the examiner’s model, and 1–3 training sequences if
necessary. A finger doll was used to demonstrate how long the child was expected
to continue to repeat the sequence. The task was attempted only twice to avoid
fatigue, because most of the children were young and/or had SSD and might
therefore find the task challenging. The first four analysable /pɑtɑkɑ/ sequences (4
sequences of /pɑtɑkɑ/ = DDK trial) in both strings of repetitions were narrowly
transcribed (i.e. additions, omission, substitutions and distortions except aspiration
of consonants were considered errors, and vowels were ignored) using Praat, the
software program for analysing acoustic speech signals (Boersma & Weenink,
2020). When analysing the accuracy of DDK (hereafter DDKacc), the trial with
more correct realisations of /pɑtɑkɑ/ sequences was selected. Scores of DDKacc
ranged from 0 to 4: the score was 0 when none and 4 when all of the /pɑtɑkɑ/
sequences were correct. In analysing DDK consistency (hereafter DDKcons), the
total number of different types of realisation of /pɑtɑkɑ/ in the better trial was
recorded. Scores of DDKcons ranged from 1 to 4, so that a score was 1 when all
the sequences were the same, irrespective of correctness of production, and 4 when
all sequences differed from one another.
4.4

Reliability

All speech samples were transcribed by the author of this thesis using the video
recordings and confirmed by the audio recording when needed. To determine interrater transcription reliability between the researcher and other SLTs, three
experienced SLTs participated in an assessing protocol: the first SLT independently
transcribed the data from the Finnish Test for Phonology, spontaneous speech, the
intra-word variability measure, and NWR, the second from the DDK task, and the
third from the syllable segmentation. To calculate inter- and intra-transcriber
reliability, 10% of the research data from all study groups were randomly selected
and reassessed. A mean percentage of point-to-point inter-rater agreement was 94%
(range 86–100), and intra-rater agreement was 96% (range 86–100).

45

4.5

Statistical analysis

Statistical tests were conducted by SPSS for windows (25.0, SPSS Inc.) and
RStudio (version 1.1.463 by lme4 package version 1.1-21). As the assumption of
normality was not met on a Shapiro-Wilk test in all the data, non-parametric
approaches were used. To describe the central tendency and spread of the data
values in the study groups, the median, interquartile range (IQR: Q1–Q3), and
range (min–max) were reported for different response types in the intra-word
variability measure, and scores obtained in tasks of speech production (sPCC,
sPCC-R, sPVC, sPVC-R, pPPC, DDKacc, DDKcons), expressive and receptive
vocabulary knowledge, phonological awareness (rhymes and initial syllable
awareness, syllabic segmentation), and NWR. To compare the results of the current
study with those of previous studies, the median percentage of overall variability
(i.e. variable responses with hits and no hits tallied) was also calculated.
To evaluate whether the accuracy and consistency of responses in the intraword variability measure differed between age groups of the TD children in Study
I, a non-parametric Kruskal-Wallis test was used. A Dunn’s test as a post-hoc test
was performed for pairwise comparisons. In Study II, to investigate differences in
response types between the children with SSD and their peers, the odds ratios (OR)
with a 95% confidence interval (CI) were estimated by logistic mixed models, using
target words in the intra-word variability measure and individuals as a mixed effect.
To further detect differences in scores derived from tasks assessing the quality of
phonological representations and speech production skills between the TD children
and the children with SSD, Mann-Whitney U tests were used in Studies II and III.
Subsequently, a non-parametric Spearman’s correlation test was conducted to
assess correlations between speech inconsistency and the quality of phonological
representations and speech production skills in Study III. As speech consistency is
suggested to develop with age, additional analyses were conducted using partial
correlation, in which the age of participants was statistically controlled for
(Conover, 1999). The unique association between speech inconsistency and
independent variables could thus be evaluated.

46

5

Results

5.1

Intra-word variability (Studies I, II)

5.1.1 Intra-word variability in TD children (Study I)
The descriptive statistics for the median, interquartile range (IQR: Q1–Q3) and
range of each response type for the TD children in Study I are shown in Figure 2.
The TD children’s responses were most frequently consistently correct in all age
groups, while consistently incorrect responses were rare. Both response types were
significantly affected by the age (consistently correct, H(2) = 37.31, p < 0.001;
consistently incorrect, H(2) = 29.90, p < 0.001). A post-hoc analysis revealed that
the oldest children were more accurate and consistent than the younger age groups
(children aged 5–6 and 3, p < 0.001; 5–6 and 4, p < 0.01). No difference was found
between children aged 3 and 4. Consistently incorrect responses were most often
produced by 3-year-old children. The difference was statistically significant
compared to the older children (3 and 4, p < 0.05; 3 and 5–6, p < 0.001). No
difference was found between children aged 4 and 5–6.
The two youngest age groups produced ‘variable with hits’ responses
somewhat similarly: the median was about 10%, while among older children, these
responses emerged less. ‘Variable with hits’ responses were significantly affected
by age (H(2) = 18.17, p < 0.001), with the oldest children producing them
significantly less frequently than the younger ones (5–6 and 3, p < 0.01; 5–6 and 4,
p < 0.01). No difference was observed between the two youngest study groups. As
the ‘variable with no hits’ responses were rare in all the age groups, no further
statistical analyses were conducted. The median percentage of overall variability
for the 3-year-olds was 16% (IQR 6–29, range 0–36), for the 4-year-olds 10% (IQR
5–25, range 0–32), and for the 5–6-year-olds 5% (IQR 0–5, range 0–10).
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Fig. 2. Median, interquartile range, range of percentage of each response type, and
outliers (the points and asterisks) for the typically developing children aged 3, 4, and
5–6.

5.1.2 Intra-word variability in children with SSD and their peers
(Study II)
The descriptive statistics for the median, interquartile range (IQR: Q1–Q3), and the
range of each response type for the children with SSD and their peers in Study II,
are shown in Figure 3. The children with SSD most frequently produced variable
responses with no matched adult target, and consistently correct and consistently
incorrect responses somewhat less. The median for variable responses with hits was
10%, which was lower than among their TD peers. For overall speech variability,
the median percentage was 20% (IQR 15–34, range 0–53) for the TD children, and
45% (IQR 27–61, range 10–85) for the children with SSD. After controlling for the
variation in the target words and in individuals, the children with SSD were more
likely to produce ‘consistently incorrect’ (OR = 170; 95% CI 47–613; p < 0.001)
and ‘variable with no hits’ response types (OR = 56; 95% CI 14–218; p < 0.001)
than their TD peers.
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Fig. 3. Median, interquartile range, range of percentage of each response type, and
outliers (the points and asterisks) for typically developing children (TD) and the children
with speech sound disorder (SSD), calculated from three repetitions of the target words.

5.2

Sources of speech inconsistency (Studies II and III)

The results obtained in Studies I and II indicated a meaningful role for inconsistent
speech production (i.e. ‘variable with no hits’ responses) in impaired speech
development. To examine the different sources which might be associated with
inconsistent speech, further analyses were conducted. First, scores obtained in tasks
assessing the participants’ vocabulary knowledge, phonological awareness, NWR,
and speech production skills were compared. Subsequently, correlations of speech
inconsistency with these variables were calculated.
5.2.1 Group comparisons in vocabulary knowledge, phonological
awareness, NWR, and speech production skills (Studies I–III)
Group-based scores for receptive vocabulary knowledge, phonological awareness,
NWR, and speech production skills are presented in Table 6. The expressive
vocabulary level derived from the Expressive One-Word Picture Vocabulary Test
was assessed in the TD children only (Study I). The receptive vocabulary level
assessed by the One-Word Picture Vocabulary Test did not differ between the TD
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children and children with SSD (p > 0.05, Study II). Phonological awareness was
examined by the rhyme and initial syllable awareness and syllable segmentation
tasks (Study III). In both tasks, the median scores were slightly higher among the
TD children than those with SSD, but no statistically significant difference was
found (p > 0.05 for both tasks). Finally, the TD children produced nonwords more
accurately than the children with SSD (U = 141.50, p < 0.001; Study III).
In both study groups, the phonetic level scores (sPCC, sPVC) derived from
spontaneous speech were lower than the phonemic level scores (sPCC-R, sPVCR), indicating the occurrence of sound distortions in speech. Compared to the
children with SSD, TD children produced consonants and vowels more accurately
regardless of the level of analysis (sPCC, U = 41.5, p < 0.001; sPVC, U = 261.5, p
< 0.01, Study II; sPCC-R, U = 20.5, p < 0.001; sPVC-R, U = 298.0, p < 0.01). In
the phonology test, the finding was aligned (pPPC, U = 17.5, p < 0.001, Study III).
Of the TD children, 58% produced four /pɑtɑkɑ/ sequences correctly, and the
rest variably, while in the SSD group, 33% produced sequences correctly, 8%
consistently incorrectly, and 58% variably (Study III). There was a statistically
significant difference in accuracy in the DDK task between the study groups (U =
239.50, p < 0.05), indicating that the TD children accurately produced more
/pɑtɑkɑ/ sequences than those with SSD. Considering the consistency of /pɑtɑkɑ/
production (regardless of correctness), there was no difference between the study
groups (U = 468.00, p > 0.05, Study III).
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Table 6. Scores of the measures of vocabulary knowledge, phonological awareness,
nonword repetition, and speech production skills in children with typical speech
development (TD) and speech sound disorder (SSD).
TD

SSD

Median

IQR

Range

Median

IQR

EOWPVT (I)

72.5

57.3–85.8

39–115

n/a

n/a

Range
n/a

ROWPVT (II)

75.5

63.3–89.0

45–121

72.0

61.3–101.8

49–120

Rhyme (III)

7.0

4.0–8.0

3–10

6.0

4.0–7.0

0–10

Syllable (III)

8.0

4.0–10.0

0–10

5.0

3.3–8.8

0–9

NWR (III)

98.0

98.0–100

93–100

93.0

83.3–98.0

70–100

sPCC (II)

95.0

88.8–98.0

76–100

70.0

65.3–79.0

50–88

sPCC-R

98.0

94.0–99.8

81–100

75.5

68.0–83.8

50–94

sPVC (II)

99.0

99.0–100

97–100

97.0

95.3–99.8

86–100

sPVC-R

100

99.0–100.0

98–100

99.0

96.3–100

90–100

pPPC (III)

95.0

93.0–98.0

83–100

81.0

75.3–86.7

67–92

DDKacc (III)

4.0

3.0–4.0

0–4

2.0

0.0–4.0

0–4

DDKcons (III)

1.0

1.0–2.0

1–4

2.0

1.0–3.0

1–4

I = Study I; II = Study II; III = Study III; EOWPVT = The Expressive One-Word Picture Vocabulary Test,
raw score out of 190; ROWPVT = The Receptive One-Word Picture Vocabulary Test, raw score out of
190; Rhyme = rhyme and initial syllable awareness; Syllable = syllable segmentation; NWR = PPC on the
nonword repetition task; sPCC = spontaneous speech PCC; sPCC-R = spontaneous speech PCC
revised, distortions scored as correct; sPVC = spontaneous speech PVC; sPVC-R = spontaneous speech
PVC revised, distortions scored as correct; pPPC = PPC in the Test for Phonology; DDKacc = accuracy
of consonants in DDK task /pɑtɑkɑ/; DDKcons = consistency of /pɑtɑkɑ/ sequences IQR = Interquartile
range; n/a = not available.

5.2.2 Correlation of inconsistency with phonological representations
(Studies I–III)
Correlations between speech inconsistency and the scores of the tasks assessing the
quality of phonological representations (vocabulary knowledge, phonological
awareness, and NWR) for both study groups are presented in Table 7. The TD
children’s expressive (Study I) and receptive vocabulary level (Study II) was
negatively associated with inconsistent responses in the intra-word variability
measure. However, correlation was not observed in either analysis when the effect
of age was removed. Among the children with SSD, the higher the level of receptive
vocabulary a child had, the less s/he produced ‘variable with no hits’ responses in
the intra-word variability measure. The result remained even when the effect of age
was partialled out (Study II).
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Concerning phonological awareness, the more aware a TD child was of the
rhymes and initial syllables of words, the less ‘variable with no hits’ responses s/he
produced in the intra-word variability measure (Study III). Syllable segmentation
was not correlated with speech inconsistency. Among the children with SSD,
phonological awareness was not associated with inconsistent speech production.
Regardless of the study group, nonword repetition skills were moderately
negatively correlated with ‘variable with no hits’ response types, indicating that the
more accurately a child repeated the nonwords, the less inconsistent his/her
responses were in the intra-word variability measure. Correlations observed
remained after the effects of age were removed.
Table 7. Spearman’s correlation coefficients (bivariate) and partial correlations
controlling for age of the participants (partial), between speech inconsistency and
vocabulary knowledge, phonological awareness, and nonword repetition skills among
typically developing children (TD) and children with speech sound disorder (SSD).
Speech inconsistency
TD

SSD

Bivariate

Partial

Bivariate

EOWPVT (I)

-0.413

-0.02

n/a

Partial
n/a

ROWPVT (II)

-0.421

-0.09

-0.683

-0.532

Rhyme (III)

-0.613

-0.471

0.06

0.05

Syllable (III)

-0.20

-0.07

-0.30

-0.17

NWR (III)

-0.502

-0.512

-0.532

-0.431

I = Study I; II = Study II; III = Study III; EOWPVT = The Expressive One-Word Picture Vocabulary Test;
ROWPVT = The Receptive One-Word Picture Vocabulary Test; Rhyme = rhyme and initial syllable
awareness; Syllable = syllable segmentation; NWR = nonword repetition; n/a = not available.
1

p < 0.05, 2p < 0.01, 3p < 0.001

5.2.3 Correlation of inconsistency with speech production skills
(Studies II and III)
Correlations between speech inconsistency and speech production skills are
presented in Table 8. Among the TD children, the accuracy of the consonants (both
sPCC and sPCC-R) was negatively correlated with ‘variable with no hits’ responses.
Association remained with sPCC when the effect of age was partialled out (Study
II), as well as with the PPC of the Test for Phonology (Study III). No other
statistically significant correlation was observed.
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Among the children with SSD, the accuracy of consonants and vowels in
conversational speech was moderately associated with inconsistent speech
production (Study II). Specifically, the more accurately a child pronounced
consonants and vowels in spontaneous speech, the fewer ‘variable with no hits’
responses s/he produced in the intra-word variability measure. However, when the
effect of age was removed, an association remained only with measures where
sound distortions were counted as an error (i.e. sPCC and sPVC). Higher PPC
scores in the Test for Phonology and higher accuracy in the DDK task were strongly
associated with lower inconsistency scores (Study III). Both associations remained
when the effect of age was controlled for. No correlation was found between
consistency in the DDK task and inconsistent speech production.
Table 8. Spearman’s correlation coefficients (bivariate) and partial correlations
controlling for age of the participants (partial), between speech inconsistency and the
participant’s speech production skills in typically developing children (TD) and children
with speech sound disorder (SSD).
Speech inconsistency
TD

SSD

Bivariate

Partial

Bivariate

Partial

-0.643

-0.502

-0.482

-0.391

sPCC-R

-0.49

2

-0.25

-0.46

2

-0.34

sPVC (II)

-0.08

0.16

-0.532

-0.401

sPVC-R

-0.08

0.07

-0.482

-0.31

sPCC (II)

pPPC (III)

3

2

-0.69

-0.58

-0.723

-0.672

DDKacc (III)

-0.04

0.06

-0.461

-0.471

DDKcons (III)

-0.16

-0.31

0.23

0.37

II = Study II; III = Study III; sPCC = spontaneous speech PCC; sPCC-R = spontaneous speech PCC
revised, distortions scored as correct; sPVC = spontaneous speech PVC; sPVC-R = spontaneous speech
PVC revised, distortions scored as correct; pPPC = PPC in the Test for Phonology; DDKacc = accuracy
of consonants in /pɑtɑkɑ/ sequences; DDKcons = consistency of /pɑtɑkɑ/ sequences.
1

p < 0.05, 2p < 0.01, 3p < 0.001

5.2.4 Correlation of NWR with receptive vocabulary knowledge,
phonological awareness and speech production skills
Given that NWR was associated at least moderately with inconsistency in both
study groups, the underlying processes involved in NWR were further analysed.
The correlations of NWR with receptive vocabulary, phonological awareness, and
speech production skills are presented in Table 9.
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Unlike the TD children, there was a moderate correlation between NWR and
receptive vocabulary knowledge among the children with SSD, even after partial
analysis (Study III). There was no association between NWR and phonological
awareness skills in either study group (Study III).
Accuracy in NWR was at least moderately correlated with PPC in the Test for
Phonology in both study groups (Study III). That is, the more accurate sound
production was in the phonology test, the higher the NWR scores were. No
correlation with sPCC was observed in either group, but the accuracy of sPVC was
strongly associated with NWR among the children with SSD. Furthermore,
accuracy, but not consistency, in /pɑtɑkɑ/ sequences was strongly associated with
NWR in the SSD group. Among the TD groups, performance in the DDK task was
not correlated with NWR (Study III). All the correlations remained when the effect
of age was controlled for.
Table 9. Spearman’s correlation coefficients (bivariate) and partial correlations
controlling for the age of the participants (partial), between nonword repetition and
vocabulary knowledge, phonological awareness, and speech production skills among
the typically developing children (TD) and the children with speech sound disorder
(SSD).
Nonword repetition
TD

SSD

Bivariate

Partial

Bivariate

Partial

ROWPVT

0.28

0.30

0.562

0.431

Rhyme (III)

0.25

0.23

0.12

0.15

Syllable (III)

0.29

0.27

0.35

0.21

sPCC

0.24

0.21

0.37

0.24

sPVC

0.14

0.10

0.753

0.703

pPPC (III)

0.441

0.482

0.703

0.642

2

0.612
-0.31

DDKacc (III)

0.07

0.05

0.58

DDKcons (III)

-0.07

-0.05

-0.16

III = Study III; ROWPVT = The Receptive One-Word Picture Vocabulary Test; Rhyme = rhyme and initial
syllable awareness; Syllable = syllable segmentation; sPCC = PCC on the spontaneous speech; sPVC =
PVC in spontaneous speech; pPPC = PPC in the Test for Phonology; DDKacc = accuracy of consonants
in /pɑtɑkɑ/ sequences; DDKcons = consistency of /pɑtɑkɑ/ sequences; n/a = not available.
1

p < 0.05, 2p < 0.01, 3p < 0.001
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6

Discussion

The aim of this dissertation was to examine the occurrence of intra-word accuracy
and consistency among Finnish-speaking TD children and children with SSD. The
second aim was to examine whether the quality of phonological representations and
speech production skills was associated with children’s inconsistent speech
production. The findings concerning these issues are addressed in the following
sections.
6.1

Intra-word variability in TD children and children with SSD

This study has shown that speech production was already quite consistently
accurate among 3-year-old TD children. This finding is parallel with previous
studies which have found that Finnish-speaking children typically master the
phoneme system of their ambient language quite well at the age of 3 (Aalto et al.,
2019; Kunnari, Savinainen-Makkonen, & Paavola, 2006; Saaristo-Helin, 2009). In
the current study, it further emerged that if speech production was variable, it often
also comprised a correct word form, while variable productions with no hits were
notably rare. Intra-word accuracy and consistency increased with age as in several
previous studies (e.g. Faes & Gillis, 2018; Holm et al., 2007; Iuzzini, 2012; Macrae,
2013). Among the 5–6-year-olds, speech production was highly accurate and
consistent: the median percentage of consistently correct production was 95.
Interestingly, there was no difference in ‘variable with hits’ responses between
children aged 3 and 4. This presumably illustrates that phonetic and/or
phonological skills are still maturing in 4-year-olds (Holm et al., 2007): a child can
already produce a word correctly but due to situation-based challenges such as
speaking at a fast rate, a more premature, possibly previously used word form
sometimes occurs. Alternatively, an accurate form of the word is just about to
emerge, and the production therefore fluctuates.
In the research by Faes and Gillis (2018), the intra-word variability scores
ranged from 56% to 36% among Dutch-speaking TD children aged 3;0–5;0.
Macrae and Sosa (2015) and Sosa (2015) reported somewhat higher scores among
English-speaking children aged 2;6–4;2 (70%) and 3;0–3;11 (62%) respectively.
Hence, even the youngest children of the current study (i.e. children aged between
3;0 and 3;11) were remarkably more consistent, with median variability scores of
16%, than the children in the above-mentioned studies. A possible explanation for
the differences in the findings could lie in typological differences between
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languages. It has been reported that long and phonetically and/or phonemically
more complex words are produced more variably than short words with a simpler
sound structure (Faes & Gillis, 2018; Leonard et al., 1982; Macrae, 2013; Sosa,
2015; Sosa, & Stoel-Gammon, 2012; Tubul-Lavy, 2012). In Finnish, bisyllabic and
longer words are typical, and suffixes added to the end of words lengthen them
even more, which may present more challenges and speech variability to Finnishacquiring children. As the rather low variability scores in the intra-word variability
measure comprising twenty 2–5 syllabic words showed, the length of the word
appeared to play no significant role in the current study. This is in line with a result
that showed that Finnish children were already quite capable of handling longer
words at the age of 3 (Aalto et al., 2019; Saaristo-Helin, 2009; Turunen, 2003),
which may be related to the relatively simple syllable structures of Finnish. Wordinitial and -final consonant clusters are rare, while word medial consonant
sequences with a syllable boundary in the middle are more typical and possibly
easier to master.
Another possible reason for the differences in the findings may be related to
the larger consonant inventories in English and Dutch (McLeod & Crowe, 2018;
see Priester, Post, & Goorhuis-Brouwer, 2011 for a review) than in Finnish. The
higher proportion of late-acquired fricatives especially may be challenging to
master and cause variability in speech production. This reasoning is questioned,
however, by the fact that Holm et al. (2007) reported even lower intra-word
variability scores among English-speaking children than in the current study: the
proportions of overall variability ranged from 12% to 1% among children aged
between 3 and 6, while the scores for the Finnish children in the same age range
ranged from 16% to 5%. As the research findings thus far diverge so remarkably, it
is obvious that more studies are needed to provide a clearer picture of the typical
trajectory of speech consistency in different languages.
The children with SSD quite predictably produced consistently incorrect
responses more frequently than their peers. A high proportion of inconsistent
production with no correct word forms (32%) appeared to be especially
characteristic of impaired speech, while among TD children, it emerged only rarely
(5%). On the other hand, variable responses including a matched adult target were
more frequently produced by TD children than the children with SSD. As
previously mentioned, this implies that variable speech production among 3- and
4-year-old children may also be a sign of development, particularly if a correct
word form also occurs.
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To the author’s knowledge, there is only one previous study in which intraword variability has been studied among children with a speech impairment
without SSD specification. In that study, Macrae et al. (2014) reported an overall
variability score of 41% for children between the ages of 3;6 and 5;5, which is
similar to the findings of the current study (45%). However, they only analysed the
consonants at a phonemic level, while both vowels and consonants were
phonetically analysed in the current study. It is possible that the variability scores
by Macrae et al. would have been higher if sound distortions had also been included
in the analysis.
As overall variability scores ranging from 10% to 85% in the present study
indicate, some of the children with SSD were highly variable, whereas others were
nearly consistent. The age range of the participants may explain the wide variation.
Another explanation may lie in the variety of the types of the children’s speech
impairment. Iuzzini (2012) proposed that overall variability scores (based on
phonetic transcription) above 52% refer to CAS, and scores less than 48% to a
phonological disorder. Bradford and Dodd (1996) reported variability scores above
60% (based on phonemic transcription) in both children with developmental verbal
dyspraxia (i.e. CAS) and with ISD, and a score of about 20% for children with a
phonological disorder. Furthermore, a variability score of 40% is regarded as a cutoff value for ISD in the Word Inconsistency Assessment (Dodd et al., 2006). Thus,
in the current study, some children with SSD showed variable speech features,
perhaps associated with an impairment in their motor subsystems of speech
processing, as in CAS (e.g. ASHA, 2007) or unstable phonological representations
(Macrae et al., 2014), while some may have had a deficit in phonological planning
more related to ISD (Dodd & McCormack, 1995). Moreover, some children clearly
had consistent speech production that may have been related to articulatory and/or
phonological difficulties (e.g. Dodd et al., 2005). It is evident that mere
inconsistency scores do not advance our understanding of the nature of the possible
impaired processes involved in highly variable speech production. Thus, to shed
some light on the matter, correlational analyses were further conducted.

57

6.2

Sources of inconsistent speech

6.2.1 Phonological representations
Vocabulary knowledge
Among the TD children, neither expressive nor receptive vocabulary knowledge
was correlated with inconsistent speech when the effect of the participants’ age was
removed. This replicates the findings of some (Holm et al., 2008; Macrae & Sosa,
2015; Sosa & Stoel-Gammon, 2006, Zanobini et al., 2012) but not all (Dodd &
McCormack, 1995; Macrae, 2013; Macrae & Sosa, 2015; Macrae et al., 2014; Sosa
& Stoel-Gammon, 2012) previous studies. In most studies where a connection has
been found, it is suggested that the nature of phonological representations is related
to the size of the child’s vocabulary (Macrae, 2013; Macrae & Sosa, 2015; Macrae
et al., 2014; Sosa & Stoel-Gammon, 2012). It is argued that the quality of
phonological representations of early words is holistic and becomes more finetuned when the number of phonologically similar words, i.e. neighbourhood
density, increases in the lexicon (Walley et al., 2003, but see also e.g. Demuth &
Song, 2012; Swingley, 2005). It is speculated that unspecified and unstable
representations due to a small vocabulary may not offer a sufficiently robust basis
for accurate and consistent speech production (Macrae & Sosa, 2015; Macrae et al.,
2014; Sosa & Stoel-Gammon, 2012). In the current study, the lack of association
probably signals such well-developed vocabulary knowledge and speech
production skills that no correlation with inconsistent speech appears.
Consequently, it seems that 3-year-old Finnish-learning TD children already have
sufficiently specified phonological representations for the accurate and consistent
production of known words. The length of Finnish words may be one reason for
this. As longer words have fewer lexical neighbours (Storkel, 2004), acquiring the
Finnish language, in which bisyllabic and multisyllabic words are typical, may
create less pressure for detailed developed phonological representations than in
English, for example (see also Munson, Edwards, & Beckman, 2011).
However, the picture for the children with SSD was different. Although their
receptive vocabulary knowledge was within normal limits, it was strongly
correlated with inconsistent speech. More specifically, the lower the receptive
vocabulary level, the more words a child with SSD produced inconsistently. In the
light of eventually developing phonological representations, this leads to the
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assumption that among children with SSD, the development may be delayed, and
indistinct phonological representations are echoed in the consistency of speech, as
also proposed by Macrae et al. (2014). Dodd and McCormack (1995) found that
children with ISD performed less well (although within the age range) than their
TD peers in expressive and receptive vocabulary measures. A study by Holm et al.
(2008) assessed only receptive vocabulary, and no difference was found between
the inconsistent group and their controls. However, neither Dodd and McCormack
nor Holm et al. conducted any correlational analyses, and an association between
the size of vocabulary and variability in speech production therefore remained
unknown.
Phonological awareness
Contrary to previous findings (Brosseau-Lapré & Roepke, 2019; Dodd &
McCormack, 1995; Holm et al., 2008; Larrivee & Catts, 1999; McNeill et al., 2017;
Preston et al., 2013), there were no statistically significant differences in
phonological awareness between the study groups, although the tasks’ median
percentages were higher among the TD children. The scores ranged widely in both
study groups, which may reflect the fact that skills were just developing at a given
age range (3–5 years) (Burt et al., 1999; Carroll et al., 2003; Silvén et al., 2007),
thus being variable. It is posited that a large-segment awareness investigated in the
current study could implicitly evolve with developing language skills (Carroll et
al., 2003). Considering that the study groups did not differ in their receptive
language skills, it might be that their phonological awareness of larger speech
sound units was similar.
However, correlational analyses yielded a somewhat different insight.
Although the study groups performed similarly in the phonological awareness tasks,
in the TD children, but not in the children with SSD, rhyme and initial syllable
awareness was negatively correlated with inconsistent speech production. That is,
the higher the rhyme and initial syllable awareness in the TD children, the lower
their inconsistency scores were. Furthermore, the strength of the association
declined from -0.61 to -0.47 after controlling for the effect of age. A diminution in
the scores may imply that the development of skills was underway. The lack of a
similar phenomenon among the children with SSD may reflect a protracted
trajectory despite the equal performance in the phonological awareness tasks at the
group level. As the quality of phonological representations is stated to play an
important path in the development of phonological awareness skills, the result may
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imply under specified representations among the children with SSD (BrosseauLapré & Roepke, 2019; Holm et al., 2008; Preston & Edwards, 2010; Preston et al.,
2013).
There was no systematic association between inconsistent speech and an ability
to divide words into syllables in either of the study groups. That is, some children
with high consistency scores had challenges in syllable segmentation while others
performed well. The TD children’s performance in the syllable segmentation task
was even slightly stronger than in the rhyme and initial syllable awareness task. As
both of aforementioned tasks are stated to measure phonological awareness skills,
one could assume that they are similarly associated with inconsistent speech which
was not the case. One explanation could be that the tasks tap different underlying
processes. Alternatively, other factors, such as the familiarity of the task or a child’s
personality may have had a random influence on the performance. In future studies,
in order to provide clarification on the somewhat unexceptional finding of this
study, each phonological awareness skill should be assessed by different kinds of
tasks. For the children with SSD, the syllable segmentation task proved to be a bit
more challenging than the rhyme and initial syllable awareness task. It could be
that the requirement to say a word by dividing it into syllables (with or without
tapping) made the task more difficult (Anthony et al., 2003) and thus, the children’s
performance fluctuated, and no systematic associations emerged.
In the SSD group, one reason for not finding an association between the
phonological awareness and inconsistent speech production could lie in the group’s
heterogeneity. In previous studies, correlations were not found when the children’s
overall articulatory accuracy was investigated (Preston & Edwards, 2010; Rvachew
et al., 2007; Rvachew & Grawburg, 2006) instead of classifying speech errors
qualitatively (Brosseau-Lapré & Roepke, 2019; Dodd et al., 2005; Holm et al., 2008;
McNeill et al., 2017; Preston & Edwards, 2010; Preston et al., 2013).
Nonword repetition
The TD children repeated the nonwords highly accurately (PPC-R 98%), and the
task also appeared to be reasonably easy for the children with SSD (PPC-R 93%).
Performance in the NWR task was at least moderately correlated with inconsistent
speech production among both study groups, and these associations remained when
age-related variance was controlled for. That is, the more accurately the children
produced the nonwords, the less inconsistent they were in the variability measure.
To the best of the author’s knowledge, this relationship has not previously been
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studied among TD children. For the children with SSD, the result was similar to
that by Macrae et al. (2014), who interpreted their finding as supporting the view
that variable speech production is derived from unstable phonological
representations. To clarify which cognitive and motor processes involved in NWR
were reflected in inconsistent speech production among the participants in the
current study, correlational analyses were conducted between NWR and the
children’s vocabulary knowledge, phonological awareness, and speech production
skills.
Of the measures for receptive vocabulary knowledge and phonological
awareness skills, only the level of vocabulary knowledge of the children with SSD
was moderately associated with NWR. This means that although the children’s
receptive language skills were within a typical age range, those children with SSD
who had lower scores in the vocabulary test had more errors in nonwords. This
relationship remained when the effect of the participants’ age was removed. This
finding reflects a role of phonological processing in NWR which is consistent with
many previous studies (e.g. Bowey, 2001; Gathercole et al., 1992; Metsala, 1999;
Verhagen et al., 2019, but see also Edwards et al., 2004; Edwards & Lahey, 1998).
No association was found among the TD children, which is presumably related to
their accurate performance in the NWR task. The lack of a correlation between
phonological awareness and NWR probably reflected high variability in the
children’s phonological awareness skills, which can be assumed to have been at an
early stage of development.
Among both study groups, the performance in the NWR task was associated
with scores in the Test for Phonology: the more accurate the children were in the
phonology test, the more accurately they produced nonwords. Among the children
with SSD, the accuracy of vowels in spontaneous speech and the accuracy of
/pɑtɑkɑ/ sequences were also strongly correlated with NWR. All these findings
may reflect the role of speech motor processes in NWR in line with a number of
studies (Munson et al., 2005; Reuterskiöld & Grigos, 2015; Roepke et al., 2020;
Sasisekaran et al., 2010; Shriberg et al., 2012) but contrary to Edwards et al. (2004).
Edwards et al. examined predictors of accuracy in NWR among TD children and
measured the children’s articulatory skills with an articulatory test (the GFTA).
Macrae and Sosa (2015) proposed that this test may be too insensitive to bring out
the differences in typical speech production, which may also have affected the
outcome of the study by Edwards et al.
The lack of correlation between sPCC and NWR in both study groups was
somewhat unexpected given the clear association between sPCC and inconsistency
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scores in the intra-word variability measure. An explanation for this could be the
fact that the TD children’s performance in the NWR task was almost at its ceiling,
and the children with SSD also had quite high scores. Furthermore, responses in
the task were analysed at the phonemic level, meaning that sound distortions were
scored as correct. It could therefore be that there was no sufficiently systematic
variability between sPCC and NWR, unlike between sPCC and inconsistent speech
analysed at the phonetic level in the intra-word variability measure.
6.2.2 Speech production skills
Predictably, overall speech production skills were poorer among the children with
SSD than their TD peers. The accuracy of consonants in spontaneous speech was
at least moderately correlated with inconsistent speech in both study groups,
regardless of the analysis level (i.e. both sPCC and sPCC-R). However, after the
possibly confounding factor of variation in age was removed, inconsistent speech
production was only associated with sPCC. This indicated that the more both
phonemic level errors (i.e. sound substitutions, additions, and deletions) and sound
distortions occurred in the children’s spontaneous speech, the higher their
inconsistency scores in the variability measure were. The same phenomenon
emerged with the correctness of vowels among the children with SSD: lower sPVC
but not sPVC-R related to more inconsistent speech production even after
controlling for the effect of age. Furthermore, the percentage of correct phonemes
in the Test for Phonology was at least moderately correlated with inconsistent
speech in both study groups. Based on the literature, the occurrence of vowel
errors/distortions (e.g. Iuzzini-Seigel et al., 2017; Lewis et al., 2004; Namasivayam
et al., 2013; Shriberg et al., 2011; Shriberg, Aram et al., 1997) and distortions
generally (Namasivayam et al., 2013; Ozanne, 1995; Preston et al., 2013; Terband
et al., 2009; Van der Merwe & Steyn, 2018) suggests motoric-based challenges in
speech production. The correlations observed in the present study may therefore
support the relationship between deficits in the speech motor subsystem and
inconsistent speech production.
It is proposed that premature or impaired speech production skills may give
rise to variability in speech (ASHA, 2007; Kent, 1992; Namasivayam et al., 2020;
Terband & Maassen, 2010). However, to the author’s knowledge, the association
of variable speech with segmental-level inaccuracy in spontaneous speech or the
articulatory/phonology test has not previously been studied among children with
SSD. For TD children, an increase in the length and phonological/phonetic
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complexity of a word, and thus a possible increase in the motoric challenges
entailed in producing it, has been reported to be correlated with variable speech
production (Faes & Gillis, 2018; Leonard et al., 1982; Macrae, 2013; Sosa, 2015;
Sosa & Stoel-Gammon, 2012; Tubul-Lavy, 2012). Contrary to the current study, no
connection with the performance in the articulatory test (GFTA) was found when
Macrae and Sosa (2015) examined predictors of variable speech among preschoolaged TD children. The authors speculated that the test used might not be sufficiently
difficult to measure the speech production skills of TD children. To avoid this,
samples in the current study were collected from both spontaneous speech and the
phonology test, which was comprised of 90 words of 1 to 5 syllables. It seems that
these tasks presented challenges for all the participants’ speech production, and thus
provided possibilities for variation in speech production.
The level of the transcription conducted in the studies may be another
explanation for the discrepancy in the findings. Macrae and Sosa (2015) used broad
transcription, whereas in the current study, data were analysed with narrow
transcription, i.e. distortions of sounds were also addressed. As phonetic distortions
are assumed to signal a breakdown in motor control (Ozanne, 1995; Terband et al.,
2009; Van der Merwe & Steyn, 2018), excluding them from the analyses of data
may have a remarkable effect on the outcome, as the analyses of spontaneous
speech samples in the present study demonstrated.
For accuracy in the DDK task, children with SSD who had more difficulties
producing correct /pɑtɑkɑ/ sequences produced words more inconsistently in the
intra-word variability measure. This finding supports the motor-based account of
variable speech production, because spoken DDK tasks are especially conducted to
track the speech motor components of speech production (Terband, Maassen et al.,
2019; Thoonen et al., 1997; Williams, 2015; Williams & Stackhouse, 2000). The
possibility of errors caused by systematic phonological processes or articulation
problems was minimised, because only children who spontaneously used the
syllable initials /p/, /t/ and /k/ were eligible for the study. This criterion was chosen
to facilitate the interpretation of the findings. However, the result of the present
study is contrary to that of Williams (2015), who found no association between
accuracy in the DDK task and variable speech. In Williams’s study, the DDK task
included the repetition of real words, nonwords, and syllable sequences, making a
comparison of the results difficult. Furthermore, in Williams’s study, variable
responses included both ‘variable with hits’ and ‘variable with no hits’ responses,
while in the current study, only inconsistent (i.e. variable with no hits) responses
were addressed. The speech impairment of children who can also produce the
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correct word form is presumably less severe than in children who cannot produce
the correct form at all. This could have been reflected in the results of the
correlational analyses in Williams’s study, because there may have been more
performance heterogeneity within a study group.
Somewhat unexpectedly, no association between DDKacc and inconsistent
speech was found among the TD children. This may be a result of their variable
performance in the DDK task. A total of 42% of children did not produce /pɑtɑkɑ/
sequences correctly. Given the high sPCC, sPVC, and pPPC scores of the TD
children and the thus well-developed speech production skills in the current study,
the percentage is surprisingly high. It may be that at 3 to 5 years of age, speech
motor control is still vulnerable in challenging situations. It may be that the children
tried to produce /pɑtɑkɑ/ sequences quickly, trusting in their speech skills but at the
expense of correctness. Another explanation may be linked to the study’s
methodological factors. It was presupposed that at least younger children with SSD
might baulk at continually repeating /pɑtɑkɑ/ sequences and prefer to give up after
a few tries (which, in fact, proved to be true). Because of this, only two strings of
sequences were chosen for closer scrutiny. This may have put the TD children at a
disadvantage, as they may have been able to keep on trying longer and eventually
gain more accurate production.
The consistency of /pɑtɑkɑ/ sequences did not differ between the study groups,
nor was it correlated with inconsistent speech production. A total of 58% of the TD
children and 42% of the children with SSD produced sequences consistently
correctly or incorrectly. Contrary to the current study, Williams and Stackhouse
(2000) found that TD children’s productions in the DDK task were mainly
consistent though not necessarily correct from the age of 3 onwards. Later,
Williams reported (2015) a strong correlation between consistency in the DDK task
and variable speech production among children with SSD. In both these studies, an
average score was counted from several real words, nonwords, and syllable
sequences, compared with the one syllable sequence in the current study. The
difference in the number of target sequences may have affected the outcome. In
addition, in previous studies, the participants were aware of the number of
repetitions required, which were visualised with fingers or boxes drawn on paper.
In the current study, the children were asked to repeat /pɑtɑkɑ/ sequences as long
as the finger doll (in the examiner’s hand) reached the given target. It is possible
that the study procedures administered by Williams and Stackhouse gave more
support to the children in performing the task, resulting in more consistent
production. The children were possibly able to orientate themselves better to the
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task as they knew how many repetitions were expected. In addition, marking every
repetition by the tester revealing a finger or drawing a tick on the box may have
paced the speech production and thus helped the children to keep their responses
more organised.
6.3

Methodological limitations

A limitation of the current study is that the children with SSD were analysed as one
group. Due to the lack of criteria for a differential diagnosis of impaired speech in
Finnish, the children with SSD were not categorised in sub-groups according to the
type of their speech errors. If the children had been divided into sub-groups, it may
have been possible to obtain a more accurate picture of underlying constraints
related to inconsistent speech production.
A word of caution about interpreting the findings concerning phonological
representations among the children with SSD in particular is necessary, because
speech perception and phonological short-term memory skills were not
investigated. Possible impairments in these skills may have been affected in the
performance in the current study. However, given the age-appropriate receptive
vocabulary knowledge, and the quite accurate performance in the NWR task and
similar phonological awareness skills (according to the phonological awareness
tasks) among the children with SSD, it appeared that their speech perception and
phonological memory skills were not significantly impaired.
In the current study, perceptual-based behavioural methods were used to track
the motor aspects of the children’s speech production skills. Kinematic and acoustic
procedures are known to more purely capture motor contributions to speech
production (e.g. Kent, 2000; Sharkey & Folkins, 1985) but are rarely available in
clinical settings. Moreover, thus far, most procedures conducting acoustic and/or
kinematic analyses have only examined perceptually accurate speech productions
to ensure that the observations made reflect differences in speech motor control
instead of articulation errors (but see Goffman et al., 2007; Vick et al., 2012).
Consequently, among children with severe SSD, it can be challenging to obtain
sufficient research data if inaccurate productions are excluded from analyses.
6.4

Clinical implications

Knowledge of the typical trajectory of intra-word variability is needed so that SLTs
can evaluate whether it is necessary to consider variable speech production
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emerging in a child’s speech. The results of the current study indicated that even 3year-olds’ speech production was typically quite consistent and accurate when
analysed at the phonemic level. On the other hand, among the 3- and 4-year-old
children, speech production was occasionally variable, but correct word forms also
typically occurred. In this case, variable speech may have been a reflection of
developing phonetic and phonological skills, which should be confirmed in followup sessions. Inconsistent speech with no correct word forms at all was remarkably
rare among 3-year-old typically developing children and may therefore be a
potential ‘red flag’ for speech impairment.
This study’s findings may also yield some proposals for the assessment of
intra-word variability. It seems that around twenty 2–5 syllable words repeated on
three separate occasions during one assessment session are sufficient to explore the
accuracy and consistency in a child’s speech. It is recommended, based on the
current and some previous studies (Iuzzini, 2012; Ozanne, 1995; Terband et al.,
2011; Van der Merwe & Steyn, 2018), that in addition to consonants, vowels, and
in addition to phonemic-level errors, sound distortions should be addressed in the
analysis. This could be a way to track the possible motor components of highly
variable speech production because it is proposed that vowel errors/distortions and
distortions generally reflect deficits in the motor control of speech gestures
(Iuzzini-Seigel et al., 2017; Lewis et al., 2004; Namasivayam et al., 2013; Ozanne,
1995; Shriberg, Aram et al., 1997; Terband et al., 2009; Van der Merwe & Steyn,
2018). Another way of assessing speech motor abilities is to conduct a DDK task
(Diepeveen et al., 2019; Terband, Maassen et al., 2019; Thoonen et al., 1997;
Williams, 2015; Williams & Stackhouse, 2000; Yaruss & Logan, 2002). Compared
to consistency in /pɑtɑkɑ/ sequences, accuracy appeared more appropriate for
describing speech motor skills in the SSD group. However, the findings and
experiences of the current study raise the question of whether an instruction to be
as quick as possible results in young children’s performance failing to provide a
complete picture of their speech motor skills (see Williams, 2015; Williams &
Stackhouse, 2000; but see also Diepeveen et al., 2019; Rvachew et al., 2006). In a
clinical setting, if a measurement of the DDK rate seems necessary, it may be
informative if the task can be conducted at both the normal and fast speech tempos.
Despite the fact that the receptive language skills of the children with SSD in
the current study were within the age range, their receptive vocabulary knowledge
was moderately associated with inconsistent speech production. That is, the poorer
the receptive vocabulary, the more inconsistent the responses the children produced
in the variability measure. This is a good reminder for SLTs of the importance of a
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sufficiently comprehensive language assessment among children whose main
challenges appear to be in speech sound production.
Finally, the multi-factorial nature of developmental speech sound disorder was
clearly visible in the current study, in line with the reviewed previous research. A
psycholinguistic/process-oriented approach (Stackhouse & Wells, 1997; Terband,
Maassen et al., 2019; van Haaften et al., 2019) may be needed to yield a robust
impression of the underlying processes of an impairment. The assessment can thus
provide necessary knowledge for selecting appropriate treatment targets and
methods. Whether the underlying difficulties seem to be related to the linguistic
components of speech production, i.e. to the impaired phonological representations,
based on this thesis, it is reasonable to think that the target of the intervention could
be: 1) to establish stable acoustic representations of the phonemes and words; 2) to
support the expansion of vocabulary; and 3) to enhance the development of
phonological awareness. Appropriate procedures could include focused stimulation,
such as expanding the child’s utterances and modelling target words (Rvachew &
Brosseau-Lapré, 2018), dialogic reading (Whitehurst et al., 1988), ear training (Van
Riper, 1978), and phonological awareness intervention (see e.g. Hesketh, 2010 for
a review).
On the other hand, whether inconsistent speech appears to result from motoric
components of speech production, i.e. challenges in motor planning and/or
programming, interventions utilising motor learning principles can be
recommended (e.g. Maas et al., 2008). When the child’s speech is highly
inconsistent, it appears necessary to minimise errors (Terband, 2011) and the
occurrence of variability during rehearsal, and thus enable the acquisition of motor
patterns for different speech movements (Van der Merwe & Steyn, 2018).
Gradually advancing to more challenging words, fading cues and support, and
providing delayed feedback (i.e. using a hierarchical support approach, as in the
Dynamic tactile and temporal cueing, Strand, 2020) are important to create the
potential for further motor learning (Guadagnoli & Lee, 2004). Finally, whether the
SLT observes signs of both linguistic and motoric factors, a meaningful
combination of the above-mentioned methods, among other things, is suggested.
6.5

Recommendations for future studies

Future studies with a large study population are needed to recognise possible
clusters of speech behaviours and establish a basis for the differential diagnosis of
SSDs. A longitudinal study would enable the tracking of developmental changes,
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both in the occurrence of speech inconsistency and the underlying cognitive and
motor processes. This would enable an exploration of how inconsistent speech
production is associated with these skills within and across each assessment point,
and whether associations are reciprocal, thus also providing some information
about the direction of the effects. Experimental studies could more explicitly
indicate the causality between inconsistent speech production and the underlying
factors (e.g. Elbro & Pallesen, 2002). For example, if one assumes that inconsistent
speech derives from indistinct phonological representations, then an intervention
method aiming to improve the quality of representations would be effective
contrary to methods concentrating on speech motor skills.
NWR tasks are used to search for impaired phonological processing skills and
are among appropriate methods for assessing the quality of phonological
representations (e.g. Bowey, 2001, 2006; Coady & Evans, 2008). In the current
study, the TD children performed at or near the ceiling in the NWR task. Longer
and phonemically more challenging nonwords could be more appropriate for TD
children, but the scoring responses of the children with SSD might then become
complex. A solution in future studies could be to use nonwords that only include
early-acquired and thus rarely misarticulated speech sounds, as in the Syllable
Repetition Task (Shriberg et al., 2009). Using such a measure could make the
scoring procedure clearer and minimise the confusing effect of speech errors on the
interpretation of results.
In addition to the NWR task, in the current study, the quality of the children’s
phonological representations was assessed indirectly by using vocabulary tests, and
the tasks of phonological awareness, as in many previous studies (e.g. Anthony et
al., 2011; Edwards et al., 2004; Elbro et al., 1998; Macrae & Sosa, 2015; Rvachew,
2006; Sénéchal et al., 2004; Sutherland & Gillon, 2007). In future studies, a task in
which children are asked to judge the correctness of a well-known multisyllable
word’s pronunciation (e.g. Ainsworth et al., 2016; Anthony et al., 2010; Claessen
et al., 2009; McNeill et al., 2009; Sutherland & Gillon, 2007) would be interesting
to use. It has been proposed that this method assesses the quality of the
phonological representations more explicitly. As a receptive-based task, it would
also be appropriate for children with difficulties in speech production.
Furthermore, it would be beneficial to examine the relationship between
children’s speech production skills and inconsistent speech utilising behavioural,
kinematic, and acoustic levels of observation (e.g. Kent, 2000; Sharkey & Folkins,
1985). A multidimensional approach could deepen our understanding of underlying
processes in variable speech. As already mentioned, kinematic and acoustic
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analyses have been mainly performed on accurate speech production. Hence, new
experimental procedures and study perspectives are warranted since it would be
important to capture the motor patterns underlying erred speech production as well.
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7

Conclusion

This study provides novel information on the typical trajectory of accuracy and
consistency in speech production among children acquiring Finnish. The findings
also enhance the knowledge of factors associated with inconsistent speech among
children with SSD. The findings of the current study indicate that:
–

–

–

In typical development, speech production is already quite consistent and
accurate at 3 years of age. Between the ages of 3 and 4, variable speech may
occur, but typically such that children can also produce a correct word form,
whereas inconsistent production with no matched adult target is unusual.
Among children with SSD aged between 3 and 5, the proportion of inconsistent
speech varies. More inconsistent speech is associated with a low receptive
vocabulary level, and poor NWR and speech production skills. This may signal
the underlying role of both the quality of phonological representations and
motor subsystems in inconsistent speech production.
A sufficiently comprehensive assessment protocol is needed to analyse the
individual skill profile of a child with SSD and to select targeted intervention
methods for him/her.
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Appendices
Appendix 1
Item overview of the intra-word variability measure:
/muːmi/
/ʋɑipːɑ/
/poikɑ/
/housut/
/sɑmːɑkːo/
/juːsto/
/pulkːɑ/
/sɑkset/
/mɑnsikːɑ/
/kukːɑ/
/tietokone/
/nɑpːi/
/munɑ/
/orɑʋɑ/
/lentokone/
/hɑmːɑstɑhnɑ/
/kilpikonːɑ/
/helikopteri/
/itkeː/
/ʋetoketju/

Moomin character
napkin
boy
trousers
frog
cheese
sledge
scissors
strawberry
flower
computer
button
egg
squirrel
airplane
toothpaste
turtle
helicopter
to cry
zip
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Appendix 2
Item overview in the rhyme and initial syllable awareness task

Test items of rhyme:
/pæː/ head
/rɑhɑ/ money
/mysːy/ bonnet
/lukːo/ lock
/hiːri/ mouse

/luː/ bone
/kynæ/ pencil
/potːɑ/ potty
/kukːo/ cockerel
/juːri/ root

/kuː/ moon
/sɑhɑ/ saw
/rotːɑ/ rat
/tɑtːi/ bolete
/muːri/ wall

Test items of initial syllable matching:
/lintu/ bird
/pɑlko/ pod
/kæsi/ hand
/muki/ mug
/leijɑ/ kite
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/tutːi/ pacifier
/pɑlːo/ ball
/kæpy/ cone
/sɑhɑ/ saw
/leipæ/ bread

/linːɑ/ castle
/kɑmpɑ/ comb
/mɑto/ worm
/sɑde/ rain
/sieni/ mushroom

Appendix 3
Item overview in the syllable segmentation task

Test items of syllable segmentation:
/ɑu.to/
/pe.sæ/
/o.me.nɑ/
/kei.ju.kɑi.nen/
/mɑt.to/
/len.to.ko.ne/
/pɑl.kin.to/
/kei.nu/
/sɑ.lɑ.mɑ/
/kɑs.te.lu.kɑn.nu/

car
nest
apple
fairy
carpet
airplane
prize
swing
lightning
watering can
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Appendix 4
Item overview in the nonword repetition task

Test items of nonword repetition:
lyy.ʋe
kii.tɑ.le
nɑ.lu
mɑ.kɑ.lo.ne
pee.ku.sɑ
tum.mi.te.li
sil.lo.ʋɑ
tu.mi.lɑ
pɑɑ.su.ʋɑ.ni
kik.ko
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