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Abstract

ABSTRACT

Many children with developmental language disorder (DLD) exhibit difficulties with
phonology, i.e. the sounds of language. Children with any degree of hearing impair-
ment (HI) are at an increased risk of problems with spoken language, including pho-
nology. The cause of these difficulties is unknown in children with DLD, and is often
assumed to result from reduced hearing acuity in children with HI. Variability in terms
of language outcomes is large in both groups, and determining if a child’s language
ability is within normal limits or not is problematic. A task that has proven useful in
differentiating typical from atypical language development is nonword repetition, in
which the child listens to a word form without meaning and repeats it back immedi-
ately. Performance in nonword repetition tasks is a potential indicator of language
ability in both children with DLD and children with HI. However, it has not been

established exactly what the task measures.

In the present thesis, the ability to repeat prosodic and segmental features of real
words and nonwords was investigated in Swedish-speaking four- to six-year-old chil-
dren with DLD and HI, as well as in children with normal hearing and typical language
development (TLD) (papers I, II and III). Further, relations of word and nonword
repetition ability to language and hearing were explored (papers II and 11I), along with
comparisons of phonological and grammatical production between the groups (paper
V).

The findings indicated that the prosodic features stress and tonal word accent
affect repetition performance in children with DLD, HI, and TLD. In general, the
children with DLD and HI achieved lower results than the children with TLD on
repetition of segments (consonants and vowels) and prosodic features, but tonal word
accent was repeated with relatively high accuracy. Tonal word accent 1 was more ac-
curately repeated than tonal word accent 2 by the DLD and HI children. The children
with TLD repeated tonal word accent with few errors, but segments in nonwords
with tonal word accent 2 were easier to repeat than segments in nonwords with tonal

word accent 1.

The results further revealed that the ability of children with DLD to repeat stress
in real words is related to expressive grammar, but repetition of prosodic features
does not reflect general language knowledge. In contrast, repetition of both segmental
and prosodic nonword features may be indicative of receptive vocabulary, phonolog-

ical production during naming of familiar words, and expressive grammar in children
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with HI. Repetition performance might be related to the degree of HI before cochlear

implantation or fitting of hearing aids.

Children with DLD and children with HI demonstrate similar strengths and
weaknesses in phonological and grammatical production, despite the fact that they
develop language under different conditions—with and without normal hearing. To-

nal word accent use and syntax are relatively unimpaired in DLD and HI children.

This thesis highlights prosodic and phonological strengths and weaknesses in
children who have, or are at risk of, deficits in language and communication abilities.
It also supports word and nonword repetition as potential predictors of some aspects
of language ability in children with DLD and HI. Further, it emphasizes the im-
portance of taking prosody into account when constructing, or interpreting results
from, repetition tasks. Future research aiming to investigate the relationship between
prosody in repetition and language, cognition and hearing, should use longitudinal
study designs, and include younger children. Studies comparing prosodic and phono-
logical ability in children with DLD and children with HI should employ both quan-

titative and qualitative analyses.
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Introduction

INTRODUCTION

In spoken language, we communicate through speech. Most things we find interest-
ing, beautiful, or indeed necessary for survival, can be formulated in words. By means
of articulatory gestures, the words are given the shape of sound—sound that can then
be heard and interpreted by others. An important property of human speech and
language is the ability to pattern a finite number of meaningless speech sounds to-
gether into a theoretically infinite number of words that have meaning. The sounds
we have at our disposal, and the rules for how to combine them in meaningful ways,
are studied within the linguistic field of phonology. In the present thesis, phonology
is described at two levels. At the segmental level, there are the speech sounds, com-
monly divided into vowels and consonants. At the prosodic (or suprasegmental) level,

the linguistic use of rhythmical and intonational variations are concerned.

Acquiring speech and language is not an easy task. Although often described as
effortless, it takes a child years of daily practice in interaction with others to learn their
mother tongue. This is true for children who appear to have no particular disad-
vantages, 1.e. they exhibit typical language learning ability, and they are given the op-
portunity to learn. For children who are at some disadvantage, learning a language is
even more effortful. In this thesis, two such groups of children are studied: children
who have an unexplained language disorder (developmental language disorder; DLD),
and children who have a hearing impairment (HI). These groups develop language
under different conditions, but have in common challenges acquiring language, in-

cluding phonology, compared to typically developing children.

The obvious challenge to spoken language acquisition in children with HI is of
course that they have reduced hearing ability, which in extension is the major expla-
nation for speech and language deficits in this group. With the right hearing assistive
technology and audiological intervention, the majority of children with HI can de-
velop spoken language. Many can achieve age-adequate language ability, but there is
an increased risk of language problems, especially concerning phonology. Further, it
can be assumed that a proportion of children with HI would demonstrate deviant
language development even if they did not have a HI. Subsequently, the explanation
for their language deficits is different, and warrant partly different intervention. Iden-
tification of such children is challenging, since it may be difficult to determine whether
problems occur as a result of the HI, or if they stem from an independent language
disorder. Comparisons of language ability in children with HI and children with DLD
have the potential to yield knowledge that throw light on this issue.

13



Introduction

It is well attested that there is large variation in the rate at which children develop
speech and language. A challenge for researchers and clinicians in the field of child
language is how to determine which children deviate from what could be labelled
‘typical development’, and how to identify those children who are in need of inter-
vention. One way of doing this is by using so called marker tasks, which are tasks that
have proved particulatly difficult for children who have language deficits, and that
could predict language development. One such task that has been used extensively is
nonword repetition. In this task, a child is asked to imitate could-be words, i.e. pat-
terns of speech sounds that are allowed according to the phonology of a language,
but that lack meaning. Previous research has demonstrated impaired nonword repe-
tition ability in both children with DD and children with HI. For this reason, pho-
nological ability is investigated partly in the context of word and nonword repetition
tasks in the present thesis. Special focus is on how word level prosodic features of
word and nonwotds are repeated by Swedish-speaking children with DLD, HI, and
typical language development (TLD).

Outline of the thesis

The first part of the thesis is a theoretical introduction, including a description of the
clinical groups represented (children with DLD and children with HI), and a review
of the main research fields of interest (phonology, word and nonword repetition).
This is followed by the general aims and research questions, and an account of the
method, with emphasis on the test materials used in the different studies. Thereafter,
the main findings of each paper (I-1V) are summarized. The last part consists of a
general discussion of the findings in order to answer the general research questions,
as well as a discussion of theoretical and clinical implications, limitations, and direc-
tions for future research. The four papers are included in their entirety at the end, and

an overview can be found below in table 1.

14
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Table 1. Overview of the individual papers of the thesis.

Paper  Aim Method Result Conclusion

1 To examine the ability of 44 monolingual Swedish- The older children outper- The ability to repeat seg-
children with TLD to repeat  speaking children aged 4-6 formed the younger. Words ments and prosodic fea-
words and nonwords with years, divided into two age were easier than nonwords. tures improves between
special focus on how tonal groups, performed a WR The two tonal word accents the ages of 4 and 6. Pros-
word accent and word and NWR task. provided different conditions ody should be considered
length affect segment pro- for segment repetition. in construction and use
duction accuracy. of immediate repetition

tasks.

11 To examine repetition of 30 monolingual Swedish- Children with DLD per- Repetition of stress and
stress and tonal word ac- speaking 4- to G-year-olds formed below controls on tonal word accents is
cents in words and non- with DLD, and 29 age- repetition of prosodic features  challenging for children
words in Swedish-speaking matched controls per- of words and nonwords. Rep-  with DLD. Repetition of
children with DLD, and to formed 2 WR and NWR etition of stress and tonal prosodic features may
investigate the relation of task, and tests of phonolog-  word accent was not corre- not be a good indicator
prosodic repetition to ical production, expressive lated with phonological pro- of general language abil-
measures of language ability.  grammar, and receptive vo-  duction or receptive vocabu- ity, but repetition of

cabulary. Group differences  lary, but a significant correla- stress in words could pre-
for the repetition of pro- ton was found between stress  dict expressive grammati-
sodic features, and correla- repetition in words and ex- cal ability.

tions between repetition pressive grammar.

and language measures were

explored.

111 To examine segmental and 14 Swedish-speaking chil- The children with HI per- Both segmental and pro-
prosodic aspects of immedi-  dren with mild—profound formed below the children sodic aspects of NWR
ate repetition of nonwords sensorineural HI aged 4-6 with TLD on the repetition of  are problematic for Swe-
in children with HI, and to years and 29 age-matched segments, stress patterns, and dish-speaking children
relate NWR performance to  controls with TLD and nor-  tonal word accents. All as- with HI. NWR has po-
measures of language ability, ~ mal hearing participated. A pects of NWR performance tential as a clinically use-
and background variables. NWR task, as well as tests was also related to language ful tool for identification

of phonological production,  ability, and to hearing level, in  of children who are in

grammatical production, the children with HI. need of specific speech
and receptive vocabulary and language interven-
were administered. tion.

v To explore similarities and 30 children with DLD, 14 Phonological production in On a group level, chil-

differences between children
with DLD, children with HI,
and children with TLD, on
phonological, including pro-
sodic, and grammatical pro-
duction.

children with HI, and 29
children with TLD and nor-
mal hearing aged 4—6 years
performed a WR and NWR
task, and tests of phonolog-
ical and grammatical pro-
duction.

WR and NWR and picture
naming, and grammatical pro-
duction, were generally lower
for children with DLD and
HI compared to controls.
There were few differences
between the children with HI
and DLD, but predicative
agreement was more challeng-
ing for the children with HI.

dren with DLD and HI
have difficulties with
phonological and gram-
matical production com-
pared to children with
TLD. Production of to-
nal word accents emerged
as a relative strength, as
did syntax.

Notes: TLD = typical language development; DLD = developmental language disorder; HI = hearing impairment; WR = word repe-
tition; NWR = nonword repetition.
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Introduction

Children with developmental language disorder

The present thesis included children with DLD whose main language problems per-
tained to the domains of phonology and grammar. However, the children who can be
included under the DLD definition may exhibit a range of language symptoms in
different combinations. The term DLD has been sutrounded by controversy, and
there are other labels that may be used more or less interchangeably for the same
children. The children with DLD in this thesis might also be desctibed as having e.g.
language impairment (LI), specific language impairment (SLI), or primary language

impairment.

Developmental language disorder

Developmental language disorder (DLD) is used for enduring language disorders that
are not associated with a known biomedical etiology. DLLD may also be used when
neurobiological or environmental risk factors ate present, and may co-occur with
other conditions, e.g. ADHD. There is no requirement for children with DLD to
exhibit typical nonverbal ability (Bishop, Snowling, Thompson, Greenhalgh, &
CATALISE-2, 2017). Although unexplained language deficits in children are com-
mon, there has been a lack of agreement about classification and terminology, both
between and within disciplines (Bishop et al., 2016; Reilly, Bishop, & Tomblin, 2014).
The endorsement of the term DLD, as defined above, follows from a consensus pro-
ject, CATALISE (Criteria and Terminology Applied to Language Impairments: Syn-
thesising the Evidence), which involved researchers and clinicians within the fields of
speech-language pathology, psychology, audiology, education, and medicine, as well
as representatives for non-profit charity organizations (Bishop et al., 2016; Bishop et
al., 2017). DLD is also consistent with the terminology used in the upcoming version
of the International Statistical Classification of Diseases and Related Health Problems
(ICD-11) (World Health Organization, 2018b).

It remains to be seen if DLD will take hold as the main term to describe children
who have persistent language deficits in the absence of a known cause. In fact, a range
of other labels have been used for roughly the same condition, such as /langnage delay,
primary langnage impairment, language disorder, specific langnage impairment, langnage impairment,
developmental dysphasia, ot langnage learning impairment. Of these, specific language impait-
ment (SLI) has been the most common term used to describe children who have
persistent language deficits in the absence of a known cause, at least in the English
research literature (Bishop, 2014). SLI is characterized by an inability of a child to
acquire language as expected, despite typical development of perceptual and cognitive
skills, and sufficient opportunities to use language in communication. A diagnosis of

SLI is thus made based on exclusionary criteria, i.e. when there is no known etiology,

16
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no psychiatric or neurological disorders, hearing impairment, or intellectual disability

(Schwartz, 2009).

Definition by exclusion is also used in the International Statistical Classification
of Diseases and Related Health Problems 10t Revision (ICD-10) (World Health
Organization, 2010), which is the classification employed in Swedish speech—language
pathology (SLP) practice. In ICD-10, specific developmental disorders of speech and
language are desctibed as disorders in which speech and language acquisition is dis-
turbed from eatly on in development. These disorders cannot be directly attributed
to neurological abnormalities, sensory or motor impairments, mental retardation, or
environmental factors. According to the ICD—10 diagnostic criteria for research
(World Health Organization, 1993), a diagnosis of language disorder is appropriate
when language ability, based on standardized testing, is more than 2 §D below the
mean for the child’s age. Further, there is a requirement for discrepancy between ver-
bal and nonverbal ability in the same child; language ability should be at least 1 SD

below nonverbal ability, as assessed with standardized tests.

However, the use of exclusionary criteria, cut-off limits in relation to normative
means, and requitements for discrepancy between verbal and nonverbal ability, are
problematic. In many cases, children with language difficulties have other problems
as well. Conditions and symptoms may overlap or change over time, making exclu-
sionary criteria less useful and reflective of reality (Dyck, Piek, & Patrick, 2011). Cut-
off scores based on deviations from a normative mean are arbitrary, and may exclude
many children that would benefit from intervention. Further, there is little evidence
that cut-offs are useful in dividing children into qualitatively different groups as ‘dis-
ordered’ vs. ‘typical’. Instead, children with language disorder likely represent the
lower end of the normal variation, i.e. they are quantitatively different (Dollaghan,
2011). In regard to the criteria for low language ability in relation to nonverbal ability,
many children with low nonverbal ability may have age adequate language ability, and
vice versa, suggesting that nonverbal ability is a poor explanation for language prob-
lems (Rice, 2016; Spaulding, Plante, & Farinella, 2000).

Classification and severity

Children with DLD is a heterogeneous group, and language symptoms may vary con-
siderably, both between children and in the same child over time (Conti-Ramsden &
Adams, 1995). There is no general agreement on how to classify DLD, e.g. into sub-
categories, or how to rate the degree of severity. A broad categorization into sub-
groups can be made according to whether language symptoms are mainly expressive
ot both expressive and receptive. More specific subgroups have been proposed where

grouping is based on what components of language are affected, such as grammar,
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lexico-semantics, pragmatics, and on whether one or several language domains are
problematic (Conti-Ramsden, Crutchley, & Botting, 1997; Schwartz, 2009). In terms
of severity, deficits in language comprehension are generally regarded as more severe
than difficulties that are mainly expressive. Further, the degree of severity is higher
when many language components are affected, especially when they have significant
consequences for communication and interaction, with poor prognosis (Bishop,

1997).

Prevalence

The prevalence of DLD in children has been estimated to around 7% (Tomblin et al.,
1997). Prevalence figures reported in Swedish studies indicate that about 10% of 2.5-
year-olds and as much as 14% of 4-year-olds may have some degree of DLD
(Miniscalco Mattsson, Marild, & Pehrsson, 2001; Westerlund, 1994). A common find-
ing is that boys tend to be overrepresented among children with DLD (Tomblin et
al., 1997; Westerlund, 1994). Although the prevalence of DLD is around 7%, not all
children are detected. A study conducted in England showed that only 3% of children
were identified as having some speech, language and communication needs at age 7
(Meschi, Vignoles, & Lindsay, 2010), which is about one third of the estimated prev-
alence in the population (Norbury et al., 2016; Tomblin et al., 1997).

Prevalence estimates are dependent on the diagnostic criteria used. Norbury et
al. (2016) could show that different established cut-off criteria for language and non-
verbal ability gave estimated population prevalence numbers between 1% and 8% (see
table 2). Most notably, the criteria found in ICD-10, which is the classification cur-
rently used in Swedish speech and language pathology (SLP) practice, yielded an esti-
mate of just over 1%. Strict adherence to ICD-10 would evidently exclude many chil-
dren in need of SLP services (Notbury et al., 2016). Further, as pointed out by
Spaulding et al. (20006), a substantial number of children with language disorders ac-
tually perform within normal limits on many standardized language tests, making cut-

offs based on standard deviations unreliable for identification.
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Table 2. Prevalence of language disorder (Norbury et al., 2016).

Classification Criteria Population prevalence esti-
mates (%) and 95% ClI
DSM-5 Language below —1.5SD of normative mean on 2/5 7.6 [5.3,10.7]
composite scores, NVIQ > 70
Tomblin et al. Language below —1.25SD of normative mean on 7.7 [5.4,11.0]
(1997) 2/5 composite scores, NVIQ > 85
ICD-10 Language below —2SD of normative mean on 2/5 1.1[0.4,2.8]

composite scores, NVIQ > 85

Contrary to the widely used criterion that thete should be a mismatch between lan-
guage and nonverbal ability, the outcomes of the CATALISE consensus study suggest
that language disorders should be identified as such regardless of whether there is a
discrepancy between language ability and nonverbal ability (Bishop et al., 2016). Con-
sequently, children with low nonverbal cognitive ability, but who do not meet the
criteria for intellectual disability, may be included under the DLD definition (Bishop
et al., 2017). If children whose nonverbal ability score is above 70 are included in the
DLD group, prevalence of DLD in the population has been estimated at 11%. Fur-
ther, there is evidence to suggest that children with DLD who have nonverbal ability
scores that are low, but still above 70, do not have lower language ability compared
to children with DLD who have average nonverbal ability, which calls into question
the discrepancy criterion (Norbury et al., 2016).

The importance of speech, language and communications skills in modern soci-
ety has led some researchers to suggest that access to speech, language and commu-
nication—including SLP—services should be regarded as a matter of public health
(Law, Reilly, & Snow, 2013). DLD often persists into adolescence and adulthood.
Compared to individuals with typical language development, persons with a history
of DLD more often have difficulties with spoken language and literacy skills
(Stothard, Snowling, Bishop, Chipchase, & Kaplan, 1998). On a group level, they also
achieve poorer education and employment outcomes, although heterogeneity is large,
and many young adults with DLD are able to secure employment (Conti-Ramsden,
Durkin, Toseeb, Botting, & Pickles, 2018). Further, DLD increases the risk of emo-
tional and behavioral problems (Yew & O'Kearney, 2013).
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Genetics and neural correlates

Disorders of language and literacy, such as DLD, have proved to be highly heritable
(Barry, Yasin, & Bishop, 2007; Bishop, North, & Donlan, 1996). Several genes are
associated with disordered language (Newbury & Monaco, 2010), but the genetic ar-
chitecture underpinning is complex, and no gene exclusive for DLD has been found
(Graham & Fisher, 2013). Also, although genetic and neurobiological risk factors are
undoubtedly involved in DLD, there is complex interaction with environmental fac-
tors (Oliver, Dale, & Plomin, 2004), such as socio-economic status (SES), approxi-
mated by parental education or income (Reilly et al., 2010). Different abilities may be
impaired in DLD, each of which may have different environmental and genetic causes
(Bishop, 2000).

Language function is regulated by brain activity, and it would appear counterin-
tuitive to assume that there is no neural correlates of DLD. However, technological
limitations may have made deviances unobservable in eatly studies. Advancements in
brain imaging techniques have enabled studies that show atypical brain function and
structure in children with DLD; compared to children with typical development, dif-
ferences in structural volume and neural activation in regions known to be involved
in language function have been observed (Mayes, Reilly, & Morgan, 2015). DLD has
also been proposed to stem from failure to establish cerebral lateralization (Bishop,
2013), but recent studies have failed to establish such a connection (Wilson & Bishop,
2018). While most studies have focused on cortical areas, there are also results that
point toward the implication of subcortical structures (Krishnan, Watkins, & Bishop,
2016). It is worthy of note that studies generally have included rather small samples,
and that varying methodology between studies make definite conclusions hard to
make (Mayes et al., 2015).

Theoretical accounts of language disorder

Some areas of language acquisition and use seem to pose more difficulty than others
in DLD, a fact that has led researchers to investigate potential core deficits that may
underlie the disorder. A number of theoretical accounts of DLD has emerged, stem-
ming from two distinct approaches to the study of child language disorder. The lin-
guistic approach, which is largely grounded in the Chomskyan tradition, assumes that
language impairment results from domain-specific linguistic knowledge deficits (Rice
& Wexler, 1996; van der Lely, 2005), while the processing approach views language
impairment as a consequence of deficits in the processing of linguistic information
(Gathercole & Baddeley, 1990; Leonard, McGregor, & Allen, 1992; Tallal & Piercy,
1973a, 1973b).
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Within the language knowledge approach, children with DLD have been pro-
posed to have problems with the acquisition of grammar. One such is the extended
optional infinitive account, which states that children with DLD have difficulties with
grammatical morphemes that express tense and agreement, such as English past tense
—ed, or third person singular —s. Instead they tend to use infinite forms for a longer
time than can be expected by children with typical language development (Rice,
Wexler, & Cleave, 1995). According to the computational grammatical complexity
account (van der Lely, 2005) children with DLD have impaired representations and
computations that underlie complex phonological, morphological or syntactic struc-
ture. The language domain that is most affected varies between subgroups of children

with DLD, and the core deficit may thus not be the same in all children.

Processing-based explanations for the language deficits in DLD focus on abilities
that are involved in, but not exclusive to, language use. Tallal and Piercy (Tallal &
Piercy, 1973b, 1974) found that children with DLD have problems with auditory per-
ception, especially regarding information that is short in duration or changed rapidly,
e.g. stop consonants or formant transitions, which would in turn affect language ac-
quisition more generally (Tallal et al., 1996). This claim has, however, been sur-
rounded by controversy (Schwartz, 2009). Another influential proposal relating to
perceptual difficulties is the surface account (Leonard et al., 1992), which ascribes
morpho-syntactical deficits to an impaired ability to perceive and use grammatical
elements with low perceptual salience and short duration relative to surrounding ele-
ment. For example, the surface account predicts that children with DLD will have

problems with grammatical markers that comprise unstressed syllables.

Another strand of research puts limitations in working memory at the center of
language disorder, especially phonological working memory (Baddeley, 2012). Partic-
ular interest has been shown in the phonological loop, which enables encoding, short-
term storage, and rehearsal of phonological information (Baddeley, 2003; Gathercole
& Baddeley, 1990). Reduced working memory capacity may prevent children from
forming mental representations of sound sequences, and remember them long
enough for identification and long-term storage (Baddeley, Gathercole, & Papagno,
1998).

Some language deficits in DLD have also been suggested to originate from prob-
lems with procedural learning, caused by a dysfunction in neural systems involved in
general acquisition and use of cognitive and motor skills. The so called procedural
deficit hypothesis predicts that children who have such dysfunction will have prob-
lems with the rule-governed aspects of language, such as grammar (Ullman &
Pierpont, 2005).
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Children with hearing impairment

In the present thesis, children with different degrees of bilateral sensorineural HI pat-
ticipated. All children used hearing assistive technology in the form of either cochlear

implants, conventional acoustic hearing aids, or a combination of these.

Terminology

Reduced hearing ability in individuals can be described in different ways. The term
deaf, which is probably the most widely known and used by laymen, is used for persons
with little to no hearing. Hard of hearing is instead used for persons who have partial
ability to hear. In the English literature, Deaf (with a capitalized d) refers to a commu-
nity of people whose language and culture are influenced by the experience of being
deaf or hard of hearing, and may include individuals who are deaf, hard-of-hearing,
ot hearing. Hearing loss may refer to any degree of reduced hearing ability, either per-
manent ot not. Hearing impairment is also used to describe persons with any degree of
reduced hearing, and the terms hearing loss and hearing impairment are often used
interchangeably. Within the framework of the International Classification of Func-
tioning, Disability and Health (ICF) (World Health Organization, 2001), zupairments
are defined as “problems in body function or structure such as a significant deviation
ot loss” (Wotld Health Otrganization, 2002, p. 10). An argument against the use of
bearing impairment is the potential negative connotations of impairment, especially for
persons of the Deaf community who may not regard limited hearing as impairing
(Smith, Bale Jr, & White, 2005). Throughout the present thesis, hearing impairment is
used for any degtree of reduced hearing ability, and is intended as a neutral term. In
paper 111, deaf and hard of hearing is used for the same group of children who elsewhere

in this thesis are referred to as having hearing impairment.

Classification of hearing impairment
HlI is a complex condition, and may be classified in various ways. Commonly, descrip-
tions are made of the type of HI, time of onset, and degree of the impairment, as well

as the range of frequencies that are affected.

Type of HI can be categorized as conductive, sensorineural, or mixed. Conduc-
tive HI encompasses conditions where the conveying of sound vibrations through
the outer or middle ear is hampered due to disease or deformity. Sensorineural HI
implicates a dysfunction of the inner ear or the cochlear nerve, which either impedes
the conversion of mechanical energy to nerve impulses in the cochlea, or the propa-
gation of the nerve impulses through the eighth cranial nerve and central auditory

pathways, up to the cerebral auditory cortex. Mixed HI denotes a combination of
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conductive and sensorineural HI (Stephens, 2001). The most common variety is sen-

sorineural HI resulting from cochlear dysfunction.

Classification may also be made according to the time of onset; congenital HI is
present at birth, while acquired HI presents later. About 80% of HI in children is
congenital (Fortnum, Marshall, & Summerfield, 2002). Further, a division is made
between prelingual and postlingual. Prelingual HI is present before speech and lan-
guage develop, while a postlingual HI occurs after normal speech and language devel-
opment has begun (Kochhar, Hildebrand, & Smith, 2007).

The degree of HI is determined based on the pure tone average (PTA) better ear
hearing level (BEHL) at 500, 1000, 2000, and 4000 Hz, measured in decibel (dB).
According to the World Health Organization (2018a), a hearing loss is classified as
slight/mild at 26-40 dB, moderate at 41-60 dB, severe at 61-80 dB, and profound at
over 81 dB. In children, a hearing loss greater than 30 dB is regarded as disabling
(World Health Organization, 2018a). Alternative classifications exist, such as that of
the American Speech-Language-Hearing Association (ASHA), which differs slightly
with regards to cut-off values for the different degrees of hearing loss (ASHA, 2018;
Clark, 1981). Besides the degree of HI, it is important to determine what frequencies
are affected. The HI may be described as low frequency (affecting frequencies <500
Hz), middle frequency (501-2000 Hz), or high frequency (>2000 Hz) (Kochhar et al.,
2007).

HI can further be bilateral, affecting both ears, or unilateral, affecting only one
ear. Hearing, as defined by all of the above parameters, may also differ between the

ears in one individual.

Prevalence and etiology

In developed Western countries, about two to three children in 1000 are born with a
hearing impairment that is severe enough to impact speech and language development
(Finitzo, Albright, & O'Neal, 1998). Early detection of the HI has proved crucial in
the effort to remedy the negative consequences for communication (Niparko et al.,
2010), and national programs for universal newborn hearing screening have been in-
troduced in many developed countries. The first Swedish screening program was in-
troduced in 1995 (SBU, 2004), and full nationwide implementation was achieved in
2008 (Socialstyrelsen, 2009). These programs make it possible to detect HI within the
tirst few weeks of life, and to initiate subsequent early intervention. Still, some chil-
dren are not detected at screening, but have a later-onset or progressive HI (White,

Forsman, Eichwald, & Munoz, 2010). In addition, there is a substantial number of
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refugee and migrant children with HI who may not be picked up by public health care

services.

Hearing impairment can be caused by a large number of factors. More than 400
genetic syndromes have hearing impairment as a characteristic feature, and over 100
genes are associated with nonsyndromic genetic hearing impairment (Alford et al.,
2014). Congenital HI is genetic in about 50-60% of the cases, out of which syndromic
causes account for 15%, and nonsyndromic for 35%. The remaining 40-50% is
caused by environmental factors, such as prematurity, infections, or iatrogenic causes.
(Kochhar et al., 2007; Morton & Nance, 2006). About 30-40% of children with con-
genital deafness are estimated to have additional disabilities (Ching et al., 2009). In
reality, however, the cause is not known for many children, which is also reflected in
the sample of children with HI in the present thesis. The etiology in children with at
least moderate sensorineural HI has been shown to be unknown in around 56% of
the cases (Mehra, Eavey, & Keamy, 2009).

Hearing aids

The majority of children with sensorineural HI use conventional HA to compensate
for their reduced hearing acuity. HA compensate for the hearing impairment by am-
plification of the acoustic signal, depending on individual hearing characteristics with
regards to e.g. degree of HI and frequencies affected. Incoming sound is captured by
a microphone, and converted to electrical signals. These are then processed by a pro-
cessing unit, and forwarded to a miniature speaker, whose output has greater ampli-
tude than the original signal. Although modern HA technology provides much flexi-
bility and customization options, it cannot compensate for the severe dysfunction or
loss of hair cells in the cochlea. Subsequently, individuals with severe enough senso-
rineural HI may not benefit sufficiently from the use of a HA, but must instead un-

dergo cochlear implantation (Arlinger, 2007).

Cochlear implants

Children with sensorineural HI who receive limited benefit from HA should be con-
sidered for CI. A CI enables children with severe degrees of hearing impairment to
hear. The device comprises both external and internal components (Figure 1). The
external ones include a microphone, a speech processor (1), and a transmitter coil (2).
The internal components consist of a receiver coil (3), containing a magnet and an
antenna, mounted on the inside of the skin, and an electrode array (4). Sound is cap-

tured by the microphone, which sends electric signals to the processor for further
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conversion into digitally coded information. The transmitter coil sends the infor-
mation to the receiver. There, the information is converted into electrical signals and
sent into the electrode array, which is implanted in the cochlea and stimulates the

neural receptors (Zwolan, 2009).

Data collected from all CI-centers in Sweden show 72 children under the age of
18 years received a CI last year (year 2017). If the degree of HI is profound in both
ears, implantation is normally performed bilaterally, as bilateral hearing affects speech
and language development positively (Niparko et al., 2010). Children with asymmetric
HI, e.g. profound HI in one ear and moderate HI in the other, may receive a CI in
the profoundly impaired ear, while using a HA in the ear with better hearing (Offeciers
et al., 2005). Further, current CI technology also permits partial implantation of a
cochlea with residual normal or near normal low frequency hearing, but severe high

frequency dysfunction (Skarzynski, Lorens, Piotrowska, & Anderson, 2007).

Figure 1. Cochlear implant device in situ (Cochlear).
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Development of speech, language and cognition

Neural plasticity for the forming of central auditory pathways is greatest within the
first 3.5 years of life, but can be large enough to motivate cochlear implantation of
congenitally deaf children up until 7 years of age (Sharma, Nash, & Dorman, 2009).
The results of CI are, however, best if done before the second year of life (Kral &
Sharma, 2012), and early implantation is beneficial for subsequent language develop-
ment (Niparko et al., 2010).

Using the same descriptors as advocated by the CATALISE consortium (Bishop
et al., 2017), language deficits present in children with HI would be called /anguage
disorder associated with bearing impairment. This does not imply causality, however, and it
is reasonable to assume that a proportion of the children with HI would have DLD
regardless of their reduced hearing ability (Schwartz, 2009).

The limited auditory sensory stimulation and experience also affect neurocogni-
tive functions not directly related to the sensory loss, such as executive functioning—
including working memory—sequential processing, and concept formation. Children
with CI can compensate for the degraded auditory input by relying more on contex-
tual cues, e.g. when listening to speech. However, this comes at the cost of increased
listening effort and, as a consequence, there are less resources available for other cog-
nitive functions (Kral, Kronenberger, Pisoni, & O'Donoghue, 2016). It is also likely
that the auditory depravation in less severe hearing impairment, e.g. in children with
mild—moderate hearing loss, have similar effects, although not to the same extent

(Kronenberger, Beer, Castellanos, Pisoni, & Miyamoto, 2014).

A HA or CI that is appropriately fitted and functioning provide most children
with sufficient hearing for development of spoken language. Successful outcomes are,
however, also dependent on the cognitive capacity to process the sound information
(Sullivan, 2013). Further, the quality and quantity of intervention from e.g. audiolo-
gists and SLPs are important in order for the children to learn to make use of their
hearing (Yoshinaga-Itano, 2014).

Spoken language outcomes in children with CI are influenced by several hearing-
related characteristics, and language outcomes are supported by shorter duration of
profound HI before implantation, prevalence of residual hearing before implantation,
earlier age at implantation, and by the use of auditory-verbal communication. High
nonverbal intelligence and faster verbal rehearsal speed also provide advantages for
language development (Geers & Sedey, 2011). Halliday, Tuomainen, and Rosen
(2017) found that oral and written language abilities were not linked to the severity of
HI, or to age of HI identification, in children with mild to moderate HI aged 8-16.
Instead, speech and language performance was predicted by familial language prob-

lems, maternal education, and nonverbal ability.
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It has also been shown that the behavior of caregiver and the quality of linguistic
input are important factors for the development of speech, language and cognition in
children with HI. Responsiveness to the child’s communicative needs and initiatives,
and the use of strategies that encourage speech language use, such as expansions of
utterances and open ended questions have proved to be beneficial (Stika et al., 2015;
Szagun & Stumper, 2012). In a study by Quittner et al. (2013), children using CI dis-
played more rapid language growth if their mothers engaged actively and positively in
interaction, expressing emotional support, positive feedback, as well as respect for the

child’s autonomy.

In summary, the use of HA and CI provide children who have HI with the op-
portunity to develop spoken language, but not under the same conditions as children
with normal hearing. A number of factors influence the speech and language out-
comes, related both to etiology and hearing, intervention, cognitive ability, and sup-
port from caregivers and educators. A consistent finding in studies of speech, lan-
guage and cognition in children with HI is that the degree of heterogeneity is substan-
tial. Many children can reach age-appropriate levels, while others lag behind.
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Phonology

In spoken language, speech is used to communicate. The human vocal tract enables
articulation of a great number of different speech sounds, but only a subset is utilized
in any given language. The field of phonology is concerned with how units of speech

are organized and used contrastively to convey meaning (Ball, Rutter, & Miiller, 2010).

The elements of speech can be described as segmental or suprasegmental. The
segmental aspects of speech include the individual speech sounds (segments). A main
division is made into vowels and consonants, based on acoustico-phonetic and func-
tional properties. Vowels are produced with free airflow through the vocal tract, and
are typically voiced. They contain more energy than consonants, making them more
perceptually prominent. Consonants are articulated with a higher degree of stricture
in the vocal tract, giving rise to turbulence. They can be produced with or without
voice, and are generally of shorter duration than vowels. Phonologically, the separa-
tion of vowels and consonants is made based on how these speech sounds are used
in the structure of language. Vowels are normally syllabic, occurring at the center of
the syllable, while consonants are grouped around the vowels in the syllable onset or

coda.

The sound system of a language entails a number of consonant and vowel pho-
nemes that can be put together to form words. The typical natural language has about
24-31 contrastive speech sounds (Velupillai, 2012). Regardless of how many pho-
nemes there are in a language, this set of meaningless units can be used to form an
infinite number of meaningful words and sentences, a phenomenon referred to as
double articulation (Martinet, 1949) or duality of patterning (Hockett, 1960). The pos-
sibilities for how phonemes can be combined are, however, limited by structure, e.g.
constraints on how many consonants that can co-occur in a syllable onset, and by
phonotactics, which for instance governs exactly which consonants can occur in an
onset, and in what order (Ball, 2016).

The prosodic (or suprasegmental) aspects of speech include features that are not
part of individual speech sounds (Cruttenden, 1997). The acoustical correlates of
prosody are duration, intensity, and fundamental frequency, with the approximate
perceptual counterparts length, loudness and pitch. Together they contribute to the
linguistically relevant phenomena of quantity, rhythm, stress, and tone or intonation.
Quantity may apply to vowels, consonants, or both in a language, and essentially
means that some speech sounds can be lengthened. Stress refers to the relative
strength of syllables, and is realized through combinations of vowel quality, duration,
pitch and loudness. Depending on the language, stress may be predictable or not;

some languages tend to consistently have stress on the same syllable, while others
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have stress that varies between words. The pitch aspects of speech are mainly mani-
fested in the world’s languages as tone, working within the domain of the syllable, or
intonation, which has the phonological phrase as its domain (Ball, 2016). Prosody
serves several important functions in spoken communication. In grouping of seg-
ments into separate syllables, words or phrases, prosody is used to signal the bound-
aries of that which belongs together. Prosodic cues ate also used to make some ele-
ments more prominent than others, e.g. depending on what information the speaker
wishes to highlight. In interaction, prosody is a means of regulating turn-taking, or to

convey speaker attitudes and emotions (Bruce, 2012).

Prosody provides a structure for other elements of language. In an utterance,
syllables are grouped into words, words into phrases, and phrases into even larger
phrases. To enable analyses of the relations between different prosodic elements, and
between phonology and syntax, several researchers have proposed a phonological or
prosodic hierarchy. The exact levels included in the hierarchy, assumptions of what
each level represents, and terminology differ between authors (e.g. Beckman &
Pierrehumbert, 1986; Hayes 1989; McCarthy & Prince, 1990; Nespor & Vogel 1986;
Selkirk 1981, 19806). The relationship between the levels can partly be described with
the Strict Layer Hypothesis, which states that a unit of the hierarchy should be com-
posed of one or more units belonging to the immediately lower level, and that a unit
should be completely contained within a unit at the superordinate level (Nespor &
Vogel, 1986). For instance, an intonational phrase should be made up of one or sev-
eral phonological phrases, a phonological phrase should never belong to several into-

national phrases simultaneously.

Swedish lexical phonology

Swedish as a first language is spoken by around 8.5 million people, mainly in Sweden
and Finland (Nationalencyklopedin, 2017). Broadly described, there are three major
dialect areas, differing mostly in their prosodic characteristics, but also in segmental
properties (Bruce, 2010). The present review will be limited to the regional dialect
Central Swedish, which is a general term used for the varieties of Swedish used in
mainland Sweden, except for in the southernmost parts. Henceforth, the use of the

word Swedish refers to Central Swedish, unless otherwise stated.

Vowels

The vowel system of Swedish hosts nine vowel phonemes, each with one long and

one short allophonic variant, adding up to 18 distinct vowels (Riad, 2014), although
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the short vatiants of the phonemes /e/ and /¢/ are often considered to be conflated to
one single realization, [€]. Further, there are context dependent allophones of /e/ and
/9! before /t/, each with one long ([#:], [ce:]) and a short ([&], [ce]) variant (Kuronen,
2000), making the total number of vowels 21. Regardless of the exact count, the Swe-
dish vowel inventory is reasonably large (Velupillai, 2012). Additionally, there are
three diphthongs, [ae], [ee] and [eu], with some variation in pronunciation, which
mainly occur in loan words (Riad, 2014). The Swedish vowels are shown in table 3.
Riad (2014) argues that vowel length is only allophonic, and that contrastive
length only applies to consonants. To the contrary, others have claimed that vowel
length is indeed contrastive (Linell, 1978). A further description of the relation be-

tween segment length and stress is given below.

Table 3. The Swedish vowels (from Elert, 2000).

Phoneme Long Short
/il [i] [1]
Iy! [y [v]
el [e:] [e]
/el [&:] [€]
o/ [e:] (9]
e/ [&] [e]
/ [w] [u]
/o/ [o:] [0]
/a/ [a] [a]
Consonants

The Swedish consonant system has 18 consonants, if only qualitative contrasts are
considered. But all of these, except /¢/ and /h/, also come in long and short variants.
Riad lists the consonant phonemes as: /p/, /b/, /m/, /7, v/, t/, /d/, I/, Is/, /11, It/ [¢/,
18/, 1i/, /k/, 19/, /n/, and /h/. Realization of the fricative /s/ may be highly variable both
within and between speakers, and the descriptions of the allophonic variants vary in
the literature; often, [§] has been proposed as the main allophonic variant (Riad,
2014).
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Quantity

The main phonetic correlate for segment quantity is duration, but there are also qual-
itative differences between the long and short versions of the vowels and consonants.
On average, short vowels have a duration amounting to 65% of that of their long

counterparts, while the same relation for consonants is about 75-80% (Elert, 1964).

Quantity in Swedish is dependent on stress, with a requirement on all stressed
syllables to be heavy, i.e. to have two moras (Riad, 2014). The quantity system is ex-
pressed in the domain of the syllable rime, with complementary distribution of length
between vowels and consonants in stressed syllables. This means that rimes of
stressed syllables have cither a long vowel (with one or several optional short coda
consonants), or a short vowel and a following long consonant (Bruce, 2012). Un-
stressed syllables do not contain long vowels, and are considered light—i.e. they have
only one mora—even if there is a coda consonant after the vowel (Riad, 2014). The
quantity system results in long and short variants of most consonants and vowels, and
there are many minimal pairs of words that are distinguished by quantity, for example
/ma:t/ “food’ — /mat:/ “faint’, and /steita/ ‘push’ — /stetia/ ‘support’.

Stress

Lexical stress in Swedish is variable in the sense that stress placement differs between
words, but it is also quantity sensitive, which means that only heavy syllables attract
stress. A consequence of the variability is that stress can be used distinctively to dis-
tinguish word meaning in a number of minimal pairs, e.g. /'formel/ “formula’ —
/for'mel/ “formal’. Two main stress patterns can be described: one for simplex forms
and one for compounds. In simplex forms, a single main stress is typically assigned
to one of the last three syllables. If the word is long, a syllable early in the word may
receive a stress-like prominence, but this is due to rhythmical variations at the phrase
level rather than a genuine secondary stress. Compounds, on the other hand, have
both main and secondary stress. Main stress is assigned to a syllable of the first part
of the compound, while secondary stress is assigned to a syllable belonging to the last
part (Bruce, 2012).

As described in Bruce (2012), the basic stress pattern for simplex forms is tro-
chaic, i.e. feet are left-dominant (strong—weak), and feet are assigned from right to
left. Seemingly contrary to this, Riad (2014) argues that the foot in Swedish always
comprises a single stressed syllable because of the fact that stressed syllables must be
heavy, i.e. bimoraic. Consequently, the foot structure is non-exhaustive, meaning that

not all syllables are parsed into feet, and assignment of feet per default in a right-to-
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left fashion cannot capture the observed stress patterns in a satisfactory manner. In-
stead, the stress system is lexical in its nature, and is as such largely determined by
morphology. With regards to prosody, morphemes in Swedish can be categorized as
unspecified or specified. Unspecified morphemes get their stress assignment via a
phonological stress rule to the rightmost available syllable of the prosodic word. Pro-
sodically specified morphemes can further be classified as tonic (lexically stressed),
pretonic (occurring before the stressed syllable), or posttonic (occurring after the
stressed syllable). These three types of specified morphemes bear prosodic specifica-
tions as part of their lexical representations, and determine stress placement directly
(Riad, 2012, 2014). Experimental evidence for the division into morphemes as speci-
fied or unspecitied for stress is given by Zora et al. (2010).

Tonal word accent

Swedish can be categorized as a pitch accent language, and has a tonal accent system
with two distinct tonal contours, referred to as tonal word accent 1 [] and tonal word
accent 2 ['] (Cruttenden, 1997). Tonal word accent can be used to distinguish meaning
between about 350 pairs of words that otherwise have the same stress pattern and
segments, e.g. 'anden (‘the duck’; tonal word accent 1) and 'anden (‘the spirit’; tonal
word accent 2). There ate also two prominence levels, the lower called word accented,
and the higher referred to as focus accented. The realization of the tonal word accent
is different in the two prominence conditions, but there is no difference in promi-
nence between the tonal word accents per se (Riad, 2014). Regardless of prominence,
tonal word accent is always associated to a stressed syllable, and all words can be
argued to have either tonal word accent 1 or 2. For tonal word accent 1, the tonal
gesture is characterized by a low tone on the stressed syllable followed by a rise. For
tonal word accent 2, there is a high tone followed by a fall on the stressed syllable. If
a prosodic word receives focus accent, both tonal word accent 1 and 2 have an addi-
tional high tone. The shape of the tonal contours for the tonal word accents is actually
quite similar, and a major difference between them is that of the timing in relation to
the stress (Bruce, 2012). Compounds almost exclusively have tonal word accent 2.
Riad (2014) assumes, in line with the division of the prosodic word into minimal and
maximal (Ito & Mester, 2000), that compounds consist of several minimal prosodic
words that together form one maximal prosodic word. Thereby, there are several
stressed syllables that can bear tone. Tonal word accent is then associated with the
stress of the first minimal prosodic word, which receives tonal word accent 2, and to

the stress of the last minimal prosodic word, which then receives tonal word accent 1

(Riad, 2014).

32



Introduction

The distribution of tonal word accent 2 is limited by the condition that there
must be an unstressed syllable after the stressed, tone bearing, syllable. Hence, mon-
osyllabic words and words with stress on the final syllable have tonal word accent 1.
All other stress patterns in simplex words enable either tonal word accent 1 or tonal
word accent 2. The choice of tonal word accent is then determined by other factors,
mainly morphology. Bruce (Bruce, 1977, 2012) provides some general guidelines to
predicting tonal word accent. Identification of the stem is generally not enough, as
tonal word accent often is determined by inflectional or derivational suffixes. For
example, a monosyllabic word stem like sitt- ‘sit’ in combination with the infinitive
suffix -a will render tonal word accent 2 sitta ‘to sit’, but combined with the present
tense suffix —er, the result will be tonal word accent 1 sitter sits’. In disyllabic word
stems with stress on the first syllable, the tonal word accent is already inherent and

will not be affected by suffixation.

Typical prosodic and phonological development

Until about six months of age, the infant child possesses the ability to discriminate
between all human speech sounds. But this universal perceptual capacity does not last
long, and children grow sensitive to the sound patterns of the language around them
already during their first year of life (Vihman, 2013). Before the end of their first year,
children no longer have the ability to separate certain speech sounds that are not part
of the ambient language. Instead, they have the ability to perceive language-specific
speech sounds, sound combinations, and stress patterns (Kuhl, 2004). Infants’ vocal
production also develops substantially in the first year, from eatly reflexive vocaliza-
tions, through increasingly diversified babbling, to the appearance of word like forms.
However, the productive repertoire is limited compared to the ability to perceive
sounds (Oller, 1980).

With the emergence of the first meaningful words at around 12 months of age,
and the subsequent rapid increase in vocabulary size around 18 months, children
begin to use the speech sounds more and more systematically. However, the mere
articulation of a speech sound does not mean that it is used phonemically to distin-
guish meaning, and proper phonological use of all the speech sounds in a language
takes several years to master. Sander (1972) outlined a few landmark stages that the
child passes through before mastery of a given speech sound is achieved: (1) the pro-
duction of the sound in any context, (2) the correct articulation of the sound in words,
(3) customary production, i.e. the sound is used correctly more often than it is used
incorrectly. Mastery is then reached when the child exhibits correct use of the sound

most of the time, in all word positions (Sander, 1972).
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Prosody functions as a scaffolding for the detection of important elements of the
speech stream (Arbisi-Kelm & Beckman, 2009). The use of prosody plays an im-
portant role in first language acquisition from the beginning (Speer & Ito, 2009), and
sensitivity to prosodic structure has been shown to exist already in newborn infants
(Christophe, Mehler, & Sebastian-Gallés, 2001). Several authors have referred to a
process of prosodic bootstrapping, by which infants use prosody to detect e.g. clausal
units and phrase boundaries, facilitating the acquisition of syntactic, lexical and pho-
netic units (Jusczyk, 1997; Morgan & Demuth, 1996).

Initially, the experience of prosody is presumably purely signal-based, and lin-
guistic meaning is only gradually assigned to the prosodic features of the speech
stream (DePaolis, Vihman, & Kunnari, 2008). However, there appears to be an effect
of the prosody of the ambient language before connections to meaning are made
(Arbisi-Kelm & Beckman, 2009). Nine-month-old infants have been shown to seg-
ment words based on rhythmical patterns (Echols, Crowhurst, & Childers, 1997), and
there are language specific intonational differences in multisyllabic babble utterances
between e.g. French- and English-learning infants at 10 months (de Boysson-Bardies
& Vihman, 1991). Also, the prosody of children’s early words reflect the preferred
rhythmical patterns of the language they are exposed to (Vihman, DePaolis, & Davis,
1998).

In a study by Wells et al. (2004) intonation development was examined in typically
developing English-speaking children between the ages of 5 and 13, using the Profiling
Elements of Prosodic Systems—Child version (PEPS-C; Wells & Peppé, 2003). Some as-
pects of prosody were found to be acquired by the age of five years, while others
seemingly continued to develop until ten years of age. Furthermore, prosodic ability,
particularly comprehension, was related to more general expressive and receptive lan-
guage skills. The authors concluded that important development of prosody takes
place between the ages of 5 and 11. However, considerable variability can be expected,
and weaknesses in some prosodic domains does not necessarily imply weakness in

others (Wells et al., 2004).

In Swedish-speaking children phonemically contrastive use can be expected for
the consonants /p/, t/, /k/, /m/, /n/, v/, /j/ and /h/, and the vowels /a/, /a:/, /e:/, I/
and /01 before four years of age. Between the ages of four and six, the consonants
/vl /1dl, g/, I/, 11, /1 and /s/ are established, together with the vowels /i/, 1/, /¢/, /e,
rel, e, lal, Iyil, IN/, e/, fe/, [u/ and /9/. After the age of six, stable use of /§ or §/,
/¢/, and /r/ develops, as well as appropriate production of the retroflexes [{], [d] and
[n] (Nettelbladt, 2007), which mainly result from phonological processes when /r/
occur in combination with /t/, /d/ and /n/ (Riad, 2014).
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Peters and Strémqvist (1996) showed that tonal word accent 2 is typically ac-
quired first by Swedish-speaking children, supposedly due to greater perceptual sali-
ency compared to tonal word accent 1 in the ambient language. Tonal word accent 2
is realized with a two-peak tonal contour in focused words, which often occur in an
utterance-final position, making the perceptual saliency high (Horne, 2013). Disyllabic
words produced by 18- and 24-month-old children mainly have a tonal word accent
2 pattern, which is also the most prevalent for two-syllable words in adult speech
(Kadin & Engstrand, 2005). Pitch patterns typical for tonal word accent 2 have also
been confirmed in children as young as 16 months (Ota, 2006), but tonal word accent
2-like patterns may be present already at 12 months (Engstrand, Williams, & Lacerda,
2003). Children begin to alternate between the two tonal word accents when the use
of suffixes emerges for plural and definite noun forms, and infinitive and present
tense verb forms. This indicates close ties between the tonal word accents and mor-
phology early in development (Peters & Strémqvist, 1996). However, mastery of the
tonal word accents is not achieved until about four years of age (Plunkett &
Strémqvist, 1992), and tonal word accent use has been shown to be problematic for
children with DLD (Samuelsson & Nettelbladt, 2004; Samuelsson, Scocco, &
Nettelbladt, 2003).

Phonological development in children with developmental language disorder
Many children with DLD have deficits in phonological perception, production, and
awareness. These deficits may results in lower intelligibility and reduced language
comprehension, affecting everyday communication. Phonological deficits are also rel-
evant to other domains of language. For example, production and perception of mor-
phological and syntactic units are dependent on both segmental and prosodic phono-
logical information (Schwartz, 2009). Eatly studies of children with DLD were mainly
concerned with segmental phonology, and prosody has been somewhat understudied
(Bortolini & Leonard, 2000; Peppé, 2009).

Using their test material Profiling Elements of Prosodic Systems — Child version (PEPS-
C), Wells & Peppé (2003) studied intonation in eight-year-old children with DLD
using English as their first language compared to groups of controls matched for ei-
ther age or language comprehension. The children with DLD did not score signifi-
cantly below the language comprehension controls on any of the intonations tasks,
leading the authors to suggest that problems with intonation is likely not the key factor
underlying the deficits in other domains of language. However, given the variability
among the children with DLD, prosody may play a larger role in some children. The

children with DLD also achieved results similar to those of the age-matched controls
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on the majority of intonation tasks, but performed significantly below on judgements
of whether two stimuli had the same or different prosody, and on repetition of the
prosody in a semantically ambiguous number sequence (e.g. ‘42, 7’ or ‘40, 2, 1°). Chil-
dren in the DLD group also performed below the age-matched controls on some, but
not all, tasks that require the child to make a connection between prosodic form and
communicative function. This later finding could indicate prosodic or pragmatic dif-

ficulties, or both (Wells & Peppé, 2003).

Samuelsson, Reuterskitld, Nettelbladt, and Sahlén (2011) studied production and
perception of metrical patterns in Swedish-speaking children with DLD aged four to
five years in comparison to controls with typical language development. Prosodic pet-
ception of contrastive stress was tested with a task which required the children to use
stress to disambiguate meaning in sentences that contained either a stressed verb par-
ticle or a stressed verb followed by an unstressed preposition. The verb particle and
the preposition had the same position and the same segmental constituents. Depend-
ing on stress placement, the sentence could have different meanings, exemplified by
the sentence pair mannen skjuter PA en bil ‘the man pushes a car’ vs. mannen SKJUTER
pd en bil ‘the man shoots at a car’. Production of such stress patterns was tested with
a sentence repetition task. The children also repeated sentences containing prestressed
indefinite articles and copula, or a poststressed definite form suffix. The results
showed that the children with DLD performed below controls on all tasks, and made
more omissions of unstressed syllables, the majority of which occurred in prestressed
positions. However, the semantic or syntactical context did not appear to matter for
syllable omissions, as unstressed syllables within content words were omitted to the
same extent as free-standing, unstressed, grammatical morphemes, such as copulas

(Samuelsson et al., 2011).
Samuelsson and Nettelbladt (2004) studied Swedish-speaking children with DLLD

who had been identified with some degree of prosodic problems by their clinicians.
An assessment material with tasks measuring prosody at the word, phrase, and dis-
course levels was used. The children with DLD performed significantly below con-
trols with typical language development on all tasks. In order to relate individual pet-
formance in the group with DLD to the controls, cut-off scores for low performance
were determined for each of the levels. At the discourse level, 92% of the children
achieved low scotes. Further, 33% of the children with DLD scored low at the word
level but not at the phrase level, while 42% obtained low scotes at both the word and
the phrase level. Based on examinations of individual performance, the authors also
suggested a categorization of the children with DLD into two subgroups: one whose
problems atre primarily phonetic and linguistic, and one whose problems are related

to pragmatic problems.
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Difficulties with tonal words accents are prevalent in children with DLD. Ac-
cording to Nettelbladt (1983), overgeneralization of tonal word accent 2 is the most
common error, i.e. the use of tonal word accent 2 in words which should have tonal
word accent 1. This assumption of overgeneralization was, however, based on per-
ceptual evaluations, which may be influenced by categorical perception in adult lis-
teners. Addressing the problem that most studies of tonal word accent use in children
with DLD only use perceptual judgments, Samuelsson and Lofqvist (2006) employed
both acoustic and perceptual analyses of tonal word accent production. Assessments
based on narrow-band spectrograms confirmed that tonal word accent production
was indeed problematic for the children in their sample of four- to ten-year-old chil-
dren with DLD. The acoustic analyses could not confirm that overgeneralization of
one tonal word accent for the other was the main error pattern. Instead, tonal word
accent errors were characterized by a lack of clearly distinguishable fO-patterns and

contrasts between the two tonal word accents (Samuelsson & Lofqvist, 2000).

To summarize, prosody in children with DLD seems to be relatively unimpaired
compared to e.g. phonology and grammar, but there is a high degree of variability. In
some children, prosodic difficulties are more closely related to problems in different
areas of language ability, while others may display age-appropriate prosodic skills de-

spite impairments of e.g. grammar.

Phonological development in children with hearing impairment

The present thesis included children with sensorineural mild—profound HI receiving
three different types of auditory stimulation: through bilateral CI, bilateral HA, or
bimodally through both CI and HA simultaneously. CI and HA use different tech-
nologies, and as such provide different hearing conditions. HA uses amplification of
the acoustic signal to make sounds louder, but the inner ear must be sufficiently func-
tional for hearing to occur. A CI processes the acoustic signal, and converts it to
electrical impulses, stimulating the cochlea and auditory nerve directly through an ar-
ray of electrodes. Although there have been significant improvements in technology,

some aspects of the sound signal cannot be conveyed by the CI.

Studies of phonological development in children with CI

The technology of cochlear implants gives limited access to speech and language com-
pared to normal hearing because of the reduced spectral and temporal resolution. This

mainly affects the ability to perceive fundamental frequency and amplitude, while per-
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ception of duration is not as constrained (Moore, 2003). Potentially, there are detti-
mental effects on the acquisition of all aspects of auditorily based learning, including
the acquisition of consonants and vowels (Geers, 2003), intonation (Peng, Tomblin,
& Turner, 2008), stress in words and sentences (Titterington, Henry, Krimer, Toner,
& Stevenson, 2006; Torppa et al., 2014), affective prosody (Nakata, Trehub, & Kanda,
2012), as well as music (Limb & Roy, 2014). Although fundamental frequency is pre-
sumed to be the most important cue to stress and intonation, there is research that
suggests that duration can provide CI users with important cues to such prosodic
features (Hegarty & Faulkner, 2013). In general, variability in speech and language
outcomes is large in children receiving CI, and individual outcomes are dependent on

the onset, duration, and severity of the HI, and on cognitive factors (Kral et al., 2016).

Speech sound development

After implantation, speech perception for vowels and consonants improves, and the
gains in perception also seem to benefit phonological production (Faes, Gillis, &
Gillis, 2016), although development may be affected by the age at which the child was
implanted (Liu et al., 2015). The developmental trajectory for consonant and vowel
use is partly similar for children with CI and children with typical development, but
there are also differences. Ertmer and Goffman (2011) studied six English-speaking
children with bilateral CI aged three—five years, who had been implanted before three
years of age, and six typically developing controls. Word initial stop, nasal and glide
consonants were produced more accurately than fricatives, affricates and liquids by
the children with CI, which is expected also for children with typical development.
Accuracy was lower, and variability higher, for both consonant and vowel production
for the children with CI. Contrary to expectations for typically developing children,
the children with CI displayed a reverse order of development for some fricatives and
affricates. For instance, voiced [v] and [z] appeared easier to produce than the voice-
less counterparts [f] and [s], perthaps due to differences in perceptual saliency. Pro-
duction accuracy was higher overall for vowels than for consonants in the group with
Cl, although variability was greater than for the children with NH (Ertmer &
Goffman, 2011).

Spencer and Guo (2013) investigated consonant development in 32 English-
speaking children with unilateral CI in a longitudinal study. All children were im-
planted before 30 months of age, and speech production data were collected with the
Goldman—Fristoe Test of Articulation—2 at 12, 24, 36, and 48 months after CI acti-
vation. The results showed that the children with CI produced consonants within age
norms within four years of CI use, and the order of consonant development was

consistent with that of children with normal hearing (Spencer & Guo, 2013).
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In a study of phonological accuracy, Faes et al. (2016) followed a group of Dutch-
speaking children with CI from when they were implanted up until the age of 5 years.
Opverall, phonemic accuracy was found to be lower for the children with CI compared
to children with NH, but this difference was not significant. Before the age of four,
the children with CI achieved results comparable to those of their peers with NH in
shorter words, while phonemic accuracy in long, complex words were more problem-
atic. A further finding was that age at implantation appeated to have no effect on
phonemic accuracy (Faes et al., 2016), which is contrary to eatlier studies (e.g. Nich-
olas & Geers, 2007). A possible explanation for the insignificant group differences is
that the children in the Faes et al. study had a mean age at implantation of only one

year.

In many respects, children with CI can achieve an ability to use segmentals close
to that of normal hearing children, but development is likely dependent on early heat-
ing impairment detection and implantation. Different categories of speech sounds
pose varying degrees of difficulty. Most notably, vowels are easier to use than conso-
nants. Within the consonant category, fricatives and liquids appear to be the most
difficult.

Prosodic development

Pettinato and colleagues (2017) examined pitch, intensity and duration in young chil-
dren with CI and children with NH. The children with CI were recorded multiple
times beginning at the onset of canonical babbling (mean chronological age was 17
months), and continuing until the child had a vocabulary of 200 words. In general,
the children with CI did not show as clear a development of the ability to use prosodic
cues as the children with NH. This was clearest for pitch, as the children with CI
displayed lesser pitch range in disyllabic sequences compared to children with NH.
The results also indicated that there was an increase in pitch variation over time in
both children with CI and NH, although the largest increase occurred for the children
with NH. The children with NH also began to use a more consistently trochaic disyl-
labic pitch pattern after the transition from babble to words, while such development
was not as clear for the children with CI (Pettinato et al., 2017).

Segal et al. (2016) found that infants in Hebrew-speaking families implanted with
CI before the age of 2.5 years could discriminate between different stress patterns
after less than 6 months of CI use. They also showed a preference for the predomi-
nant trochaic lexical stress pattern in Hebrew, similar to infants with normal hearing.
CI appear to provide enough auditory input for infants to make use of the prosodic
cues in the ambient language, although not to the same extent as normal hearing chil-

dren.
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Peng et al. (2008) investigated prosody in English-speaking children, adolescents
and young adults between 7 and 20 years of age with HI who had received CI between
the ages of 1.5 and 6.3. The children with CI had lower ability to produce and perceive
intonation for declarative and interrogative sentences in comparison to children with
normal hearing. Production and perception were generally positively related, although
variability was high among the children with CI, and there were children who dis-
played good perception of prosody but low production, and vice versa (Peng et al.,
2008). A discrepancy between petception and production was also found by O'Halpin
(2010) for children and adolescents with CI aged 517 years.

Morte recently, Moein and colleagues (2017) studied the ability to use intonation
to produce and perceive declarative and interrogative sentences in Farsi-speaking chil-
dren with CI, aged 7—11 years. Compared to children with normal hearing, the chil-
dren with CI were less able to disambiguate questions from statements by the use of
intonation, in perception and production alike. Based on correlational analyses, early
implantation and long-time use of the CI emerged as beneficial factors for prosodic
ability (Moein et al., 2017).

Titterington et al. (2000) investigated the effect of prosodic position on the pro-
cessing of unstressed syllables in 20 children with CI aged around 8—12 years of age,
out of which 15 were developing language as expected, and five had confirmed con-
current speech and language difficulties. Controls with NH, matched for either chron-
ological or language age, were also included. The test material comprised nonword
and sentence repetition tasks, elicitation of spontaneous speech, and a memory task
requiring the children to discriminate between consonants in the onsets of strong and
weak syllables. Further, standardized tests of speech, language and short-term
memory were administered. Unstressed syllables were processed less well by the chil-
dren with CI compared to the controls. Unstressed syllables occurring outside of the
trochaic foot were also produced less often than unstressed syllables occurring within
the trochaic foot. However, the children with CI who had confirmed difficulties with
speech and language did not show a preference for trochaic foot structure, which sets
them apart both from the other children with CI, and younger typically developing
children. The authors suggested that weak syllable use may be used to discriminate
children with CI who have speech and language difficulties from those that do not.
Further, all speech and language measures were significantly correlated with the pro-
cessing of unstressed syllables, and regression analyses indicated that grammatical
morpheme use significantly predicted the use of unstressed syllables outside of the
trochaic foot. This could indicate that the ability to perceive and produce such sylla-
bles is important for the acquisition of grammatical morphemes in English
(Titterington et al., 2000).
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Holt, Demuth and Yuen (2016) examined the use of prosodic cues in a study of
individuals with CI, aged 13-18 years. A phoneme monitoring task, in which partici-
pants were asked to push a button as quickly as possible when they heard certain
target speech sounds, was administered. Target sounds occurred in words that were
either focused, 1.e. received the pitch accent of the sentence, or not. The participants
with CI were able to use the prosodic cues, as evidenced by faster reaction times for
target sounds in focused than non-focused words. However, their reaction times were
significantly longer compared to those of the controls. Thus, adolescents with HI who
wear CI appear to benefit from prosodic cues to identify important elements in the
speech stream, but not to the same extent as adolescents with normal hearing (Holt

et al., 2016).

In summary, children with CI improve their prosodic ability after implantation,
and may largely follow the same developmental trajectories for phonology as children

with normal hearing, albeit at a slower pace.

Studies of phonological development in children with HA

Children with mild-moderate HI are typically candidates for HA use. The HA pro-
vides sufficient hearing for development of spoken language, and many children with
HA reach age-appropriate speech and language abilities. However, the HI puts the
children at risk for deficits in detection of frequency and amplitude modulation, fre-
quency discrimination, and the ability to discriminate and categorize speech infor-
mation (Moore, 2007). Even though many children with HI who wear HA achieve
age-appropriate level of speech and language proficiency, any degree of hearing im-
pairment increases the risk of speech and language difficulties (Delage & Tuller, 2007).
As is the case with children who use CI, individual variation among children with HA
is large (Moeller et al., 2010).

Studies of language development in children who have mild—moderate hearing
impairment are rare (Moeller et al., 2010). Halliday et al. (2017) investigated vatrious
language abilities in 90 English-speaking participants between 8 and 16 years of age
with mild—moderate HI. Scores on standardized measures of grammatical compre-
hension, expressive vocabulary, nonword repetition, and sentence recall were signifi-
cantly lower for the children with HI compared to age-matched controls with NH,
although many children with HI performed within the age-appropriate limits when
standardized test norms were considered. Parental reports of the children’s commu-
nicative abilities were also lower in the HI group compared to the NH group. In
contrast to said findings, the children with HI achieved similar results as the children

with NH on tests of receptive vocabulary, and word and nonword reading.
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Speech sound development

Borg, Edquist, Reinholdson, Risberg, and McAllister (2007), showed that Swedish-
speaking four- to six-year-olds with mild—severe HI had particular difficulties discrim-
inating between the fricatives [s] and [¢], while the difference between [t] and [d] was
the simplest to perceive. Eisenberg (2007) presented a review of speech perception
and production in children with HI. In general children with mild—severe HI have
higher results on measures of the perception of phonological contrasts and word
recognition compared to children with profound HI, but still lower than children with
NH. Data in the reviewed studies were mostly from the time before programs for
eatly detection of hearing impairment wete in practice on a large scale. Improvements
in hearing screening routines, audiological intervention, and hearing aid technology
mean that the results from earlier generations of children with HI are not necessarily
valid for children who have been identified with HI since. However, more recent
studies also indicate that problems with phonology are common in children with mild

to moderate or severe HI.

Some studies have found that children with mild—moderate HI have lower pho-
nological processing abilities—such as phonological discrimination of minimal pairs
of words, phonological awatreness, and nonwords repetition—while more general lan-
guage and reading abilities may be within the expected range for children with NH
(Btiscoe, Bishop, & Notrbury, 2001; Wake et al., 2006). Findings from other research
does not support this discrepancy between phonological ability and other language
skills. Delage and Tuller (2007) found phonology to be one of the weakest areas of
language in 19 French-speaking children with mild-moderate HI aged 11-15 years.
The children also displayed low performance on measures of morphology and syntax,

which were significantly correlated with phonological ability.

Briscoe et al. (2001) found that 5-10-year-olds with mild—moderate HI using
spoken English as their first language had the same levels of phonological difficulties
as children with DLD, as indicated by measures of phonological short-term memory,
phonological awateness, and phonological discrimination. Despite this apparent pho-
nological impairment, the children with HI did not show extensive problems with
language and literacy compared to children with NH, suggesting that phonological

problems are more isolated than in children with DLD.

Prosodic development
Borg et al. (2007) studied speech and language development in 156 Swedish-speaking

children with mild—severe HI aged four to six years. Prosodic production of word
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stress and prosodic phrase focus, i.e. to stress the right word in a sentence, was as-
sessed. Results showed that words with final stress were harder to produce than words
with initial stress. There were also some indications that the children with moderate—
severe HI had problems stressing the right word in the sentence repetition task, alt-
hough the results were not unanimous. Further, the children with HI showed better
phonological production performance in two-syllable words compared to one- or

three-syllable words.

To conclude this section of phonological and prosodic development in children with
CI and HA provide access to spoken language, some children achieve speech and
language levels that are adequate with regards to communication needs in relation to
age. However, a considerable proportion of children with HI risks enduring speech
and language problems. The technical limitations together with factors concerning
age at identification of the hearing impairment, age at implantation or HA fitting,
quality of audiological habilitation, speech and language stimulation in everyday life,

socio-economic status, and educational setting, are important to development.

The relation between prosody and language ability

Prosody functions to hold units of linguistic content together, enabling them to be
held in memory while they are processed and thereby comprehended (Frazier,
Carlson, & Clifton Jr, 2006). During language development, the role of prosody may
vary. Snow (2015), for instance, proposed that prosody is important eatly in develop-
ment, while semantic and grammatical cues tend to be incorporated in language learn-
ing somewhat later. In line with such reasoning, the dependencies between prosody
and grammar likely change over time. The deviant language development character-
istic for children with DLD may include problems with prosody, and at least for some
children, prosody could play an important role for the acquisition of grammar for

longer than what is expected in children with typical language development.

Marshall, Harcourt-Brown, Ramus, and van der Lely (2009) investigated prosody
in relation to language ability in children with DLD, dyslexia, or combined DLD aged
10 to 14 years. A number of tasks from the Profiling Elements of Prosodic Systems
— Child version (PEPS-C) (Wells & Peppé, 2003) were administered. A chunking
task was used to assess the ability to use prosodic phrasing to express and perceive
sentences whose meaning is disambiguated by prosody. The children also performed
a focus task, requiring production of focus of the most important information in an
utterance using intonation and stress in production, and the use of the same prosodic

features to correctly interpret spoken utterances. Further, the children judged whether
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the prosody of two utterances were the same or different in a task where all semantic
content had been removed, and they were also given a task containing repetition of
prosody as exactly as possible. The children with DLD displayed low petformance
compared to controls on the tasks which required perception of chunking and focus
of linguistic content, while they had no problems with imitation or discrimination of
prosody. The results suggested that the interface between prosodic form and linguistic
function may be problematic for children with DLD, but that prosodic ability per se
is not impaired. Further, the expressive and receptive prosody tasks were not corre-
lated to general language, including other measures of phonology, or phonological
memory (digit span and sentence repetition). The authors concluded that prosody
does not seem to underlie the language problems in this group, and that problems
with phonology does not necessatily include prosodic difficulties in children aged 10—
14.

Gordon and colleagues (Gordon, Fehd, & McCandliss, 2015; Gordon, Jacobs,
Schuele, & McAuley, 2015; Gordon, Shivers, et al., 2015) maintain the idea of thythm
as a crucial component in grammatical learning, partly evidenced by the connection
of grammar to music. Gordon et al. (2015) suggest that prosody plays an important
part in speech segmentation and the acquisition of grammar during development. In
children with DLD, concomitant problems with grammar and musical thythm have
been found. Children who are better at perceiving musical rhythms are hypothesized
to be more sensitive to variations in linguistic rhythm, yielding an advantage for de-
tecting grammatical elements. Gordon et al. (2015) found an association between mu-
sical rhythm discrimination and syntactic ability. This suggests that children who have
problems with the perception of thythm in music are also less able to use rhythmical
cues to identify and use morpho-syntactic structures. Subsequently differences in
grammatical ability could in part be attributed to differences in the ability to discrim-
inate rhythm, and intervention targeting musical rhythm skills may benefit the acqui-

sition of grammar (Gordon, Shivers, et al., 2015).

Samuelsson et al. (2003) found that prosodic ability was correlated with gram-
matical abilities and language comprehension in a group of children with DLD, sug-
gesting that problems with prosody might be related to severity of language disorder.
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Immediate repetition

The observation that children are able imitators, and that they use imitation to learn
many things, including language, is commonplace (Brown, 2007), and research has
indeed provided evidence that imitation is one of the foundations for learning. Infants
imitate gestures and facial movements within the first hour of life, and imitation is an
important part of social learning and behavior throughout development (Trevarthen

& Aitken, 2001) and into adulthood (Meltzotf, Kuhl, Movellan, & Sejnowski, 2009).

Word and nonword repetition

Nonwords can generally be described as word-sized phonological forms that have no
meaning in a specific language. The phonological components of nonwords minimally
include a sequence of speech sounds. A nonword can be constructed to be more or
less similar to existing words; speech sounds that are either in the language or not can
be used, stress patterns and intonation can be more or less language typical, and the
length of the nonwords can be varied. The obvious difference between WR and NWR
is that the former implicates repetition of meaningful word forms that are represented
in long-term memory, while the latter does not. The basic administration of WR or
NWR tasks includes telling the person participating that they will hear something (e.g.
‘words’ or ‘made-up words’), and that they should say back what they hear immedi-
ately, as exactly as possible. The stimuli may be presented orally by the examiner, or

from a recording.

Word and nonword repetition in children with developmental language disor-
der

Due to the large variation in speech and language ability in children with DLD, sepa-
rating typical from atypical development is challenging (Bishop et al., 2016). However,
a number of potential so called clinical markers for DLD have been proposed. NWR
is one such marker, which has been shown to differentiate between children with and
without DLD in a number of languages (Conti-Ramsden, Botting, & Faragher, 2001;
Dispaldro, Leonard, & Deevy, 2013b; Girbau, 2016; Kalnak, Peyrard-Janvid,
Forssberg, & Sahlén, 2014). Although the overall difference in NWR ability between
children with DLD and TLD is large across studies, the diagnostic accuracy depends
on the task and stimuli used. Further, results obtained in research may not translate
to clinical use (Graf Estes, Evans, & Else-Quest, 2007).

Bishop et al. (1996) examined monozygotic and dizygotic pairs of twins, where

at least one child in each pair had a language disorder. The twins in the monozygotic
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pairs exhibited more similar NWR performance than did the dizygotic twins, suggest-
ing that NWR is affected by genetic factors. This suggests that genetic factors are
important for NWR performance, assuming that environmental influences were the
same for both twins in all pairs. Further, when comparing the monozygotic and dizy-
gotic co-twins of children with persistent language disorder, it was revealed that the
monozygotic co-twins had lower NWR scores compared to dizygotic co-twins. This
finding was interpreted as evidence for a shared genetic influence on both NWR and
SLI, suggesting that NWR is a potential behavioral marker for the SLI phenotype
(Bishop et al., 1996).

Word repetition (WR) has not been investigated as thoroughly as NWR for the
purpose of identifying children who are at risk of language deficits, although WR ac-
curacy has been found to be lower in children with DLD, compared to children with
TLD, who speak English (Chiat & Roy, 2007; Hockey, 2014) and Italian (Dispaldro
et al.,, 2013b).

Word and nonword repetition in children with hearing impairment

NWR has been found to be difficult for children with all degrees of HI wearing CI or
HA, both regarding segmental features (Briscoe et al., 2001; Dillon, Cleary, Pisoni, &
Carter, 2004; Halliday et al., 2017), and prosody (Carter, Dillon, & Pisoni, 2002).
NWR may further be a good predictor of language development in children with CI
(Nittrouer, Caldwell-Tarr, Sansom, Twersky, & Lowenstein, 2014).

Carter et al. (2002) found that both the ability to repeat word length and stress
placement in nonwords was related to measures of short-term memory, language
comprehension, and speech intelligibility. Dillon et al. (2004) found the same relations
between these measures and segment repetition in children with CI aged eight to nine
years. Nonword repetition at age eight to ten years has also been found to be a strong
predictor of language performance at 16--18 years of age, in children with CI (Casserly
& Pisoni, 2013).

Studies of Swedish-speaking children with HI have shown that repetition of con-
sonants, vowels and stress patterns are problematic (Ibertsson, Willstedt-Svensson,
Radeborg, & Sahlén, 2008; Nakeva von Mentzer et al., 2015; Wass, 2009). As such,
NWR seems to have potential as a useful tool for identifying children with HI who

have language problems.
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Theoretical frameworks for word and nonword repetition

Working memory

The term working memory (WM) is used to describe the ability of the brain to simul-
taneously store and process information over a short period of time. This ability is
crucial in most complex cognitive tasks, including learning, reasoning, problem solv-
ing, and comprehending language (Baddeley, 1992, 2012). Several models of WM have
been proposed (e.g. Baddeley, 2000; Baddeley & Hitch, 1974; Cowan, 1999; Ericsson
& Kintsch, 1995; Oberauer, 2002), but the focus here will be on the multi-component
model of working memory (Baddeley, 2000, 2012; Baddeley & Hitch, 1974).

The multi-component model of working memory

Originally, the multi-component model of WM was presented by Baddeley and Hitch
(1974). This early version contained three components: a control system with limited
attentional capacity, #he central executive, and two subsystems for the temporary reten-
tion of visual and verbal information, named the visuo-spatial sketchpad and the articula-
tory loop, respectively. The articulatory loop was later renamed #he phonological loop.
Baddeley (2000) added a fourth component, the episodic buffer, which is a limited capac-
ity store that enables integration of information from the visual-spatial sketchpad, the

phonological loop, and long-term memory.

The central executive component is a resource limited control system for atten-
tion. Its role is to regulate behavior by focusing attention on a task, dividing attention
between tasks, or switching attention between tasks (Baddeley, 2012). In doing this,
it interacts with the temporary stores for different kinds of information, the visuo-
spatial sketchpad and the phonological loop (Baddeley, Hitch, & Allen, 2009).

The episodic buffer is an interface between the other components of WM, as well
as between working memory and long-term memory, or perception. In the buffer,
information can be integrated and temporarily stored, thus binding e.g. auditive and
visual information together with long-term knowledge. The stored, integrated infor-
mation can then be retrieved and modified by the central executive through conscious
awareness (Baddeley, 2000).

The visuo-spatial sketchpad is specialized in storage and manipulation of visual and
spatial information (Baddeley, 2003). There is some evidence to suggest separate sub-
systems for the handling of visual and spatial, respectively, both of which are related
to visual attention (Repovs & Baddeley, 2000).

The phonological logp is most important for the understanding of immediate repe-

tition within the multi-component WM model. It comprises a phonological store, able
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to retain phonological or acoustic memory traces for a few seconds, and a rehearsal
process which makes it possible to retrieve and keep active the information held in
the store, preventing decay. Information that is already phonologically coded, such as
speech, enters the store automatically. Other information, e.g. from the visual modal-
ity, can be recoded into phonological form by the rehearsal process (Baddeley, 2003).
According to Baddeley et al. (1998), NWR provides a relatively pure measure of pho-
nological loop capacity. The reason for this is the lack of support from existing lexical
representations. Both the phonological store and the rehearsal process may be in-
volved in NWR, but the ability for subvocal rehearsal appears to develop first around
the age of seven (Cowan & Kail, 1996).

Vallar and Papagno (2002) presented a more detailed account of the phonological
loop, based on data from persons with short-term memory deficits following brain
injury. Auditory input undergoes phonological analysis, and is then fed into the pho-
nological store. From the store, the information can be forwarded to a phonological
output buffer. It can then be maintained through subvocal rehearsal, or articulated
overtly, in which case the information re-enters the system through the hearing mo-
dality. Visual input, such as written text, is recoded into phonological units, and can

then be forwarded to the phonological output buffer for rehearsal or articulation.

The phonological loop has been shown to be important for language compre-
hension under certain challenging conditions, e.g. when sentences are long and com-
plex (Lauro, Reis, Cohen, Cecchetto, & Papagno, 2010; Vallar & Baddeley, 1987).
However, the main function of the phonological loop may not be to remember se-
quences of known words, but to enable memory for unknown words in order for a
person to learn them. As such, the phonological loop supports language learning, es-

pecially vocabulary acquisition, in children (Baddeley et al., 1998; Gathercole, 2000).
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Figure 2. The multi-component model of working memory.

The phonological processing account of NWR

Beyond the phonological loop, there are supposedly a number of other components
involved in handling the nonword information. According to the phonological pro-
cessing account (e.g. Bowey, 1996; Chiat, 2001; Snowling, Chiat, & Hulme, 1991),
NWR is dependent on phonological processing skills, such as speech perception, con-
struction and encoding of phonological representations in the phonological store,
maintenance of the phonological sequence in the store, and programming of articu-
latory movements. Consequently, problems with any of these components may affect
NWR performance negatively. For example, the finding that children with DLD have
considerable problems with repetition of longer nonwords, compared to children
with TLD, could be explained not only by limited phonological store capacity, but
also by lower quality of the phonological representations encoded in the store, as less

stable representations are more prone to interference and decay (Bowey, 2000).

The Jexcical restructuring bypothesis (Metsala & Walley, 1998), supposes that the words
in children’s beginning vocabularies are encoded as holistic sound patterns that exist
in relation to other words, as opposed to sequences of individual phonemes that can
be used regardless of context. As the number of words increases, there is a demand
for more efficient storage of the lexical items, which results in more fine grained rep-
resentations. Eventually, words become specified for their individual sound compo-
nents, and the child can use these autonomous components to analyze and produce

new words. The restructuring takes place gradually, with frequently occurring words
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and words in dense lexical neighborhoods (i.e. clusters of words that are phonologi-
cally similar) being restructured eatlier. Restructuring facilitates further vocabulary
growth (Metsala & Walley, 1998), as well as NWR (Metsala, 1999).

Repetition and language ability

If one adopts the definition of nonwords as being potential words in a language (i.e.
an allowed sequences of speech-sounds, but without meaning), all words that are un-
known to a child could in fact be regarded as nonwords. NWR can thus be said to
emulate part of the first encounter with a word, and so also a crucial part of word
learning (Gathercole, 2006). In line with this, several studies have shown that children
who perform well on standardized measures of vocabulary tend to be good at non-
word repetition (see Coady & Evans, 2008). However, Melby-Lervag et al. (2012) ex-
amined the relationship between NWR and receptive vocabulary in a longitudinal
study of 219 Norwegian-speaking children, and they also re-analyzed data from
Gathercole, Willis, Emslie, and Baddeley (1992). Their results provided no evidence
that NWR was a causal factor in vocabulary growth between four and seven years of
age, a period when a rapid increase in vocabulary size can be expected (Melby-Lervig
et al., 2012). Some researchers have argued that the NWR—vocabulary relationship
may instead be reversed, proposing that improvements in NWR ability is a conse-
quence of growing vocabulary knowledge (Bowey, 2001; Metsala, 1999). In their re-
view, Coady and Evans (2008) concluded that the relationship between NWR and

vocabulary is likely bidirectional.

While the potential relationship between immediate repetition and vocabulary
has spurred a considerable number of studies, less interest has been taken in the role
of repetition skills in grammatical acquisition and ability. The assumption that suffi-
cient phonological working memory capacity is important in vocabulary learning
could, however, quite casily be extended to the acquisition of morphological and syn-

tactical elements, since these comprise words or parts of words (Baddeley et al., 1998).

The results from a series of studies by Adams and Gathercole (Adams &
Gathercole, 1995, 1996, 2000), indicated that typically developing three- to five-year-
old children with low phonological WM capacity, indexed by nonword repetition, ex-
hibited less complex grammatical production in spoken narratives compared to chil-
dren with high phonological WM capacity. The utterances of the low phonological
WM group were shorter, measured as mean length of utterance (MLU), and had less

syntactical complexity and variation.

Dispaldro, Benelli, Marcolini, and Stella (2009) found that both nonword and
word repetition was predictive of grammatical ability (production of 3t person pre-

sent tense plural inflection and direct object clitic pronouns) in typically developing
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Italian-speaking children aged 3—4 years. However, they concluded that real word rep-
etition was a stronger predictor, and proposed that word repetition better reflects
more general linguistic competence, as it taxes lexico-semantic knowledge more. In a
subsequent study, Dispaldro and colleagues (2011) examined whether the predictive
use of nonword and real word repetition held cross-linguistically, comparing children
with typical language development, speaking Italian and English respectively. Non-
word repetition predicted grammatical ability in both groups of children, while word
repetition predicted grammar in Italian-speaking children only. This suggests varia-
tions across languages regarding the relationship between word repetition and gram-
mar, and that the usefulness of word repetition as an indicator of grammatical ability
is likely dependent on the morphological propetties of a given language. Extending
their investigation of the link between repetition and grammar to Italian children with
specific language impairment (SLI), Dispaldro, Leonard, and Deevy (2013a) showed
that nonword repetition was predictive of grammatical ability in SLI, whereas word
repetition was not. The authors interpret this lack of association of word repetition
performance to grammar as an indication that the ability to use third person plural
inflection of verbs and direct-object clitic pronouns are less tied to lexical skills com-

pared to in typically developing children.

Summary

To summarize this introduction, previous research has shown that phonological—
including prosodic—deficits are prevalent in children with DLD, as well as in children
with HI. Despite the fact that children with DLD and children with HI develop lan-
guage under different conditions—with and without normal hearing—they may ex-
hibit similar language difficulties. Another area of difficulty common to these groups
concerns immediate repetition of novel word forms without meaning, i.e. nonwords,
and to some extent also repetition of known words. NWR in particular appeats to be
a potential indicator of language ability in children with DLD and children with HI.
Successful repetition performance in NWR tasks relies on both phonological working
memory, phonological processing skills, and existing language knowledge. Still, it has
not been made clear exactly what NWR measures. The complexity of the task together
with its potential predictive usefulness, calls for close examination of how various
features of words and nonwords contribute to repetition performance, and how the

ability to repeat these features relate to language ability. The role of prosodic features
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in repetition has not been as extensively studied as repetition of consonants and vow-

els. In the present thesis, focus is on the ability of children with DLD and HI to use
word level prosody in the context of WR and NWR.
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AIMS AND RESEARCH QUESTIONS

The overall aim of the present thesis is to study word level phonology, with special
focus on prosody, in children with DLD and children with HI. A further aim is to
describe phonological difficulties in these groups, and to explore the potential diag-
nostic usefulness of a word and nonword repetition task that takes prosodic features

into account. The following general research questions are addressed:

e What is characteristic of prosodic and phonological production in word and
nonword repetition in children with DLD and children with HI, and in chil-
dren with TLD and normal hearing?

e What relation does the ability to repeat prosodic features have to language
ability in children with DLD and children with HI?

e  What similarities and differences are there between children with DLD, chil-
dren with HI, and children with TLD, regarding phonological production and

expressive grammar?
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METHOD

Participants and recruitment

A total of 117 children participated in the studies comprising the present thesis: 30
with DLD (Studies II and IV), 14 with HI (Studies 11T and IV), and 73 with TLD (44
in study I, and 29 in studies II, III and IV). Recruitment of the clinical groups was
made through SLP and audiology clinics, while children with TLD were recruited

through preschools or personal contacts.

Children with developmental language disorder

Studies 1I and IV in the present thesis included children with DLD. The 30 children
(20 male) with DLD were aged 4;1-6;2 (years;months, M = 4;11). Inclusion critetia
were: Age four to six years, spoken Swedish as first language, a diagnosis of DLD
according to Swedish clinical practice, with mainly phonological and/or grammatical
problems. Exclusion criteria were: Multilingualism, pronounced lexical, semantic or
pragmatic deficits, known or suspected neurodevelopmental or psychiatric disorders,
hearing impairment or history of impaired hearing, e.g. due to recurrent otitis media

with effusion.

Information letters were distributed to the caregivers of 142 children with DLD.
Written consent to participate was obtained for 40 of the children. Ten children were
lost because of illness, difficulties finding a suitable time for testing, or multilingual-

ism.

Children with hearing impairment

Studies IIT and IV included children with HI. The 14 children (3 male) were aged 4;0—
6;8 (M = 5;0). Criteria for inclusion were: Age four to six years, spoken Swedish as
first language, mild to profound bilateral sensorineural HI, and full time use of HA
or CI. Exclusion criteria were: Conductive HI, additional functional impairments be-
sides the HI (such as the HI occurring as part of a syndrome), neurodevelopmental
or psychiatric disorders, and multilingualism (including sign language). Background
characteristics of the children with HI are displayed in table 4.

Nine children had bilateral HA, three had bilateral CI, and two had bimodal stim-
ulation with one HA and one CI. The degree of HI ranged from mild to profound.
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Cause of hearing impairment was unknown for twelve children, inner ear malfor-
mation for one child, and suspected but unconfirmed congenital cytomegalovirus
(CMV) infection for one child. The caregivers of all children reported that the HA
and/or CI were used full time. All children were raised in hearing, Swedish-speaking

families, and attended preschool integrated in a mainstream educational setting.

Letters with information about the study were distributed to caregivers of 103
children (70 with HA, 33 with CI), and 24 (11 HA, 13 CI) consented to patticipation.

Out of these, ten were lost due to difficulties finding a suitable time for testing.

Table 4. Hearing background of the children with HI (n=14).

Child Unaided Age at Age 1 CI  Ageactiva-  Age Age 1% Time since 1%
PTA dB testing implanta- tion 20d HA CI/HA
BEHL tion 15t CI CI fitting

Bilateral CI

01 85.0 68.2 9.6 10.2 29.7 3.2 58.0/65.0

02 103.0 48.5 20.5 21.3 325 16.0 27.2/32.5

03 102.0 48.4 15.0 15.9 22.7 3.0 32.5/45.4

Mean 97.0 55.0 15.0 15.8 28.3 7.4 39.2/47.6

Bimodal CI+HA

04 57.5 79.5 56.4 58.0 - 4.9 21.5/74.6

05 55.0 57.6 49.2 50.1 - 38.2 7.5/19.4

Mean 56.3 68.6 52.8 54.1 21.6 14.5/47.0

Bilateral HA

06 46.0 64.0 - - - 55.9 8.1

07 42.5 55.8 - - - 18.9 36.9

08 64.5 58.7 - - - 49.3 9.4

09 25.0 73.2 - - - 40.4 22.8

10 30.0 50.0 - - - 29.0 20.9

11 50.0 64.0 - - - 37.8 26.2

12 55.0 483 - - - 4.1 442

13 47.5 68.4 - - - 39 64.4

14 52.5 59.3 - - - 12.4 47.0

Mean 45.9 60.2 28.0 311

MdC1 102.0 48.5 15.0 15.9 30.7 3.2 325

Md HA 47.5 59.3 29.0 26.2

Notes: Ages are teported in months. HI = hearing impairment; PTA dB BEHL = pure tone average better
ear hearing level in decibels; CI = cochlear implant; HA = hearing aid; Md = median value.

Children with typical language development

Studies I, II, IIT and IV included children with TLD. In study I, 44 children (12 male)
aged 4;0-5;11 (M = 4;11) participated. Studies II, I1I and IV included 29 children (11
male), aged 4;1-6;8 (M = 5;1). Inclusion criteria were: Age four to six years, spoken
Swedish as first language. Exclusion criteria were: Multilingualism, known or sus-
pected neurodevelopmental or psychiatric disorders, hearing impairment or history

of impaired heating, e.g. due to recurrent otitis media with effusion.
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The children in study I were recruited as part of a master thesis project
(Andersson & Martikainen, 2013). Caregivers of 82 children received information
about the study. Written consent was given for 52 children to participate, but eight
were lost due to illness, unwillingness of the child to participate, suspected HI or
DLD, or because they were too young. For recruitment for studies II-IV, information
letters were distributed to the caregivers of 166 children. Written consent was ob-
tained for 34 children, but the caregivers of five children later declined to participate

prior to testing.

Table 5. Participants in each of the papers.

Group Paper n  Age Gender
M  Range  Female/Male % Male
DILD ILIV 30 411 41-62 10/20 606.7%
HI oL, Iv 14 50 40-68 11/3 21.4%
TLD 1 44 411 4,0-511 32/12 27.3%
II-1Iv. 29 51 41-68 18/11 37.9%

Notes: Age is shown as years;months.

Ethical considerations

The PhD project studies received ethical approval from the Regional Ethical Review
Board in Link6éping, Sweden. There was no risk of physical harm associated with pat-
ticipation. The caregivers of all children received written information about the study,
including that all participation was voluntary and that consent to participate could be
withdrawn at any time without stating a reason. They were also given the opportunity
to receive oral information and to ask any questions they had about e.g. the purpose
of the study, participation, confidentiality or data handling. The caregivers were also
offered to receive information about future publications that included data from their
children. The children received simplified oral information prior to testing, and were

given the opportunity to ask questions.

In order to inconvenience the children and their families as little as possible, they
were given the choice of performing the testing at home, at a hospital clinic, or at

Linképing University, whichever suited them best.

During the testing sessions, breaks were taken if the child expressed that they
were tired, or for some other reason needed a pause. Light refreshments were availa-
ble to the children and any accompanying adults or siblings. The children were not
coerced into participating. Positive feedback and encouragement was given between

the tests.
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Data collection and analyses

Two data collections were conducted for the PhD project. In the first (paper I), all
children were tested at their respective preschool in single sessions lasting 45 to 60
minutes. In the second (papers 1I-IV), testing was conducted either in the homes of
the children, at their regular SLP or audiology clinic, at their preschool, or at Linké-
ping University. Testing typically lasted between 90 and 120 minutes, and was carried

out in one ot two sessions.

Paper |

Beside the main WR and NWR task and the Phoneme Test (Hellqvist, 1995; see
below), tests of language comprehension (SIT; Hellqvist, 1989), phonology and gram-
mar (Nya Lundamaterialet; Holmberg & Stenkvist, 1983), and nonverbal cognitive
ability (Raven's matrices; Raven, Raven, & Court, 1998). As these measures were only

treated as pretesting measures to assess typical development in paper 1, they will not
be described in detail here.

Papers I, l1l and IV

Word and nonword repetition

A word and nonword repetition task (table 6) was constructed whose purpose was to
enable analyses of prosodic features. The task consisted of 25 words and 25 non-
words, matched pairwise for stress pattern and tonal word accent. Each possible com-
bination of stress pattern and tonal word accent in Swedish one- to five-syllable words
was represented, resulting in one monosyllabic item, three two-syllable items, five
three-syllable items, seven four-syllable items, and nine five-syllable items. The words
and nonwords in each pair were not matched for phonological complexity, but the
total complexity was similar. The words contained 216 segments (121 consonants and
95 vowels), and 22 consonant clusters (3 initial and 19 medial). The nonwords con-
tained 212 segments (117 consonants and 95 vowels), and 18 clusters (3 initial and 15

medial).
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Table 6. Features of the words and nonwords in the repetition task.

Method

No. of Stress Tonal  Word (translation) Nonword
syllables  pattern word
accent
1 S 1 jam (male name “Jan”) jaib
2 WS 1 kaniin (rabbit) figim
2 SW 1 paitrik (male name ‘Patrik”) dd:tr
2 SW 2 va&rme (beat) mirve
3 WWs 1 spesiél (special) reveél
3 WSW 1 kristdfer (male name “Kristoffer”) kratékel
3 SWW 1 mimnmmem (winimum) kd:stmem
3 WSW 2 sesana (female name “Susanna”) pelamna
3 SWW 2 blomkraka (flower poz) hontpw:le
4 WWWS 1 eventeé€l (possible) getenimfle:r
4 WSWW 1 histd:ria (szory) hydéiria
4 WWSW 1 karaméler (bonbons) dralabélr
4 SWWW 1 kdmpisana (friends) knamtigavas
4 SWWW 2 nebandy (floorball) atefngivi
4 WWSW 2 jemnastiksa:l (gymnasinm) tibefime
4 WSWW 2 kane:lbele (cinnamon bun) gant:lmelte
5 WWWSW 1 tyranusaures (fyrannosanrus) larrtobé:nis
5 SWWWW 1 téletabisar (eletubbies) déletamesar
5 WSWWW 1 iwrdmniena (iranians) ely:migeta
5 WWSWW 1 dmusaurie (dinosanr) tisuddiriu
5 WWWWS 1 elektrisutést (electricity) amitrusuki:l
5 WWSWW 2 berjuda:lbama (roller coaster) beaerkaty:lpamna
5 SWWWW 2 iishokvkleba (ice hockey stick) i:igoteklona
5 WSWWW 2 firaffertare (giraffe keeper) filatfo:lare
5 WWWSW 2 pomperipdsa (a witch from a fairy tale) bampermefa

Notes: S = strong, stressed syllable; W = weak, unstressed syllable. Some items have been adopted from Sahlén et

al. (1999).

The wotds included in the task were, as far as possible, selected to be familiar to
children aged four and above. The nonwords were selected based on a list of 131
nonwords conforming to Swedish phonotactics. These were mostly newly con-
structed nonwords, but some had been used in previous studies of NWR. Each non-
word was judged as either sounding like a word, or not sounding like a word, by 8
adult naive raters. The total wordlikeness score for each non-word ranged from 0 to
8, and non-words with the lowest wordlikeness score in each prosodic condition
(length, stress pattern and tonal word accent in combination) were included in the

repetition task.

The word and nonword stimuli were recorded by a female speaker with a Central
Swedish accent. In the testing session, the task was administered using a computer

program (Brehmer, 2014), which randomized the presentation order and played back
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the stimuli. Each child started with either the words or the nonwords. The stimuli
were presented to the children in free field via loudspeakers at approximately 70 dB
SPL. Before commencing, the children were told that they were going to hear some
real words or words that were made up, and that they should imitate them as well as
they could. Stimuli that the child did not attempt to repeat were excluded from the

analyses. The children’s responses were audio recorded and transcribed phonetically.

Scoring of the task was done by comparing the transcriptions of the children’s
productions to a transcription of the stimuli as pronounced by the female speaker on
the recordings. For segmentals (consonants and vowels), each speech sound was
scored as correct or incorrect. Allophonic variants of phonemes were accepted (e.g.
[1] instead of [t]), as were minor non-phonemic articulatory deviations (e.g. [g] instead
of [s]). Three main measures were obtained: percentage of consonants correct (PCC),

percentage of vowels correct (PVC), and percentage of phonemes correct (PPC; con-

ect Sounds

sonants and vowels combined). The formula used was rec,pvc,prc = 2

Number of

(Shriberg & Kwiatkowski, 1982). PCC, PVC and PPC were calculated for the total of

all words or nonwords, for each length condition (1-5 syllables), and for each tonal

X 100

Incorrect Sounds

word accent condition (tonal word accent 1 or 2).

Prosodic features (stress and tonal word accent) were scored as correct or incor-
rect. Stress was scored as incorrect if stress placement was on the wrong syllable, if
more than one syllable received stress, ot if any syllables were added or omitted. A
syllable was counted as omitted if the vowel was lost. When consonants in a syllable,
but not the vowel, were retained, these were considered to coalesce with surrounding
syllables following the maximum onset principle. Tonal word accent was scored as
incorrect if it was the wrong variant (e.g. 1 instead of 2), if it could not be classified
as either 1 or 2, or if there were more than one tonal word accent. For both stress and
tonal word accents, the total percentage of correct productions in words and non-
words was calculated. Percentages were also calculated for each length condition with
several syllables (2-5 syllables).

Phonology

The short version of the Phoneme Test (Hellqvist, 1995) was used to assess phono-
logical production. The test includes 72 pictures corresponding to child-appropriate
words that give an overview of the child’s phoneme inventory. Most phonemes and
the most common consonant clusters in Swedish are represented in different word
positions. The targets as intended are 32 one-syllable words, 32 two-syllable words,
seven three-syllable words, and one five-syllable word. There is a vatiation in stress
patterns, but penultimate stress is the most frequent in the words that have more than

one syllable. All monosyllables have tonal word accent 1, and out of the multisyllabic
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words, 13 have tonal word accent 1, and 27 have tonal word accent 2. All responses
were accepted, even when they differed lexically from the words originally intended
in the test (e.g. saying linning ‘dress’ instead of &jo/ ‘skirt’). Words that the children
did not attempt were not included in the analyses. All responses were audiorecorded
and transcribed phonetically. Scoring was based on comparisons between the chil-
dren’s pronunciation and the adult pronunciation of the target word intended by the
child. PCC, PVC and PPC, and percentages of stress and tonal word accents correct,

were calculated.

Grammar

Grammatical production was assessed with Gramba (Hansson & Nettelbladt, 2004).
In this test, Swedish verb morphology, nominal morphology, and syntax are targeted
using sentence continuation and completion. The maximum total score is 44 points,
divided between verbal morphology (15 p), nominal morphology (19 p), and syntax
(10 p). For the purpose of detailed analyses of grammatical production in paper 1V,

the scores on each of 14 subcomponents were analyzed (table 7).

Table 7. Description of the Gramba grammar test.

Max Target structures Example Translation

score
Verbal morphology 15
Present tense 3 Verb stem + suffix (-er) kop-er buys
Past tense preterite 3 Verb stem + suffix (-te) kép-te bought
Future tense 3 Auxiliary verb + infinite verb ska kopa will buy
Past tense perfect 3 Auxiliary verb + supine verb har képt has bought
Copula 3 Copula verb ar is
Nominal morphology 19
Plural 3 Noun stem + suffix (-ar/-er/-or) katt-er cats
Indefinite article 3 Article (en/ett) + noun en katt a cat
Definite form 3 Noun stem + suffix (-en/-et) katt-en the cat
Noun phrase agreement 4 Article + adjective + noun den stora katten the big cat
Genitive case 3 Noun stem + definite form suffix + genitive suf-  katt-en-s the cat’s

fix (-s)

Adjective predicative agree- 3 Subject + copula + adjective katten dr gul the cat is yel-
ment low
Syntax 10
Negation placement 3 Auxiliary verb + negation + infinite verb kan inte hoppa cannot jump
Relative clause 3 Relative pronoun + verb som dter who eats
Topicalization 4 Topicalized word + verb + subject sen sover de then they sleep
Total max score 44

Vocabulary

Receptive vocabulary was assessed with The Peabody Picture Vocabulary Test, Third
Edition (PPVT-III; Dunn & Dunn, 1997), adapted to Swedish by (Fyrberg,
Gustavsson, & Lundilv, 2001). The test includes a total of 202 items divided into 17

sets. Answers are given by the child by pointing to the one picture out of four which
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best matches the word spoken by the examiner. The norms for PPVT in Swedish are

lacking, and therefore only the raw scores were used in the present thesis.

Orofacial function

Orofacial function was assessed with the examination part of the Nordic Orofacial
Test—Screening (NOT-S; Bakke et al., 2007), which is divided into six main areas, with
one to four subtasks: (1) face at rest, (2) nose breathing, (3) facial expression, (4) mas-
ticatory muscle and jaw function, (5) oral motor function, and (6) speech. The maxi-
mum total score is 6 (1 for each area). Subtask 6C “Say pataka, pataka, pataka” was

excluded, since it is not used with children under five years of age.

Nonverbal cognitive ability

The block design subtest from Wechsler Preschool and Primary Scale of Intelligence,
Third Edition (WPPSI-I1I; Wechsler, 2005) was used to assess nonverbal ability. No
verbal responses are required, and the task is to replicate a pattern of one- or two-
colored blocks within a given time limit. The patterns are presented either as models

constructed by the examiner, or as pictures.

Table 8. Tests used in each paper

Ability Test Paper I Paper II  Paper III  Paper IV
WR WR task N4 N4 N4
NWR NWR task N4 v v v
Phonological production  Phoneme test N4 v v N4
Grammatical production ~ Gramba v v v
Receptive vocabulary PPVT v N4 N4
Orofacial function NOT-S N4 v N4

Statistical analyses

Paper |
In paper I, mixed repeated-measures analysis of variance (ANOVA) was used to ex-
amine:
e The effects of the between-groups factor age (2 levels: younger or older
group), and the within-group factors stimulus type (2 levels: word or non-
word), tonal word accent (two levels: 1 or 2) and segment type (2 levels: con-

sonant or vowel) on segment repetition accuracy (PCC and PVC).
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e The effects of the between-groups factor age (2 levels: younger or older
group), and the within-group factors stimulus type (2 levels: word or non-
word), length (4 levels: 2, 3, 4 or 5 syllables) and tonal word accent (two levels:
1 or 2) on phoneme repetition accuracy (PPC).

e The effects of the between-groups factor age (2 levels: younger or older
group), and the within-group factors stimulus type (2 levels: word or nonword)
and phonological level (2 levels: prosodic composite or segments) on repeti-

tion accuracy.

Follow-up analyses were conducted using Bonferroni-adjusted post hoc pairwise

comparisons.

For the purpose of obtaining a prosodic composite measure, correlations be-
tween the prosodic measures were examined with Kendall’s tau correlations. As the
children with TLD in paper I performed near ceiling on some measures, arcsine

square-root transformations of the data were conducted.

Paper 11

In paper 11, group differences between the children with DLD and TLD on back-
ground and language measures were analyzed with independent samples ~tests. Per-
formance on the repetition task was analyzed with mixed repeated measures
ANOVA, with stimulus type (2 levels: word or nonword) and length (4 levels: 2, 3, 4
or 5 syllables) as within-groups factors, and group (2 levels: DLD or TLD) as be-
tween-groups factor. Like in paper 1, follow-up analyses were conducted using Bon-

ferroni-adjusted post hoc pairwise compatrisons.

Error type frequencies were examined with Mann—Whitney U tests for between-
group analyses, and with Wilcoxon signed-rank test for within-group analyses. The
reason for using nonparametric tests was that near ceiling effects (i.e. a low number

of errors) were evident for the children with TLD.

Pearson product-moment correlations were calculated to examine the possible
relationships of stress and tonal word accent repetition to phonological production
(PPC), grammatical production, and receptive vocabulary. The false discovery rate
was corrected using the Benjamini—Hochberg procedure (Benjamini & Hochberg,
1995).
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Paper 111

Mann—Whitney U tests were used for between-group comparisons of NWR, language
and background measures. For within-group comparisons of consonant and vowel
repetition, and prestressed and poststressed syllable omissions, Wilcoxon’s signed
rank test was used. Friedman’s ANOVA was used for within-group comparisons of
repetition performance between the different length conditions (2, 3, 4 and 5 sylla-
bles). Kendall’s tau correlations were used to explore possible relationships between
NWR, language, and background variables. To account for multiple comparisons, the
false discovery rate was controlled using the Benjamini-Hochberg procedure

(Benjamini & Hochberg, 1995).

Paper 1V

Comparisons between the three groups (DLD, HI and TLD) were made using Krus-
kal—Wallis tests on the phonological and grammatical production measures, age, non-
verbal cognitive ability, and maternal education. Significant main effects were fol-

lowed up using pairwise comparisons with adjusted p-values, with an overall a-level

of 0.05.
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SUMMARY OF THE PAPERS

In the following section, the findings of each of the individual papers are summarized.
The papers can be found at the end of the thesis, and the reader is referred to them

for more details.

Paper |

This study was conducted in order to evaluate the performance of children with TLD
on the word and nonword repetition task. The first aim was to investigate the effect
of age on repetition performance. To this end, the participants (n = 44), were divided
into two age bands, 4;,0—4;11 (n = 20) and 5;0-5;11 (n = 24). As phonological devel-
opment is still under way between the ages of four and six, it was expected that repe-
tition accuracy would be higher in the five-year-olds than in the four-year-olds. The
second aim was to examine if the prosodic properties of words and nonwords influ-
ence repetition of consonants and vowels, i.e. phonological production at the seg-
mental level. Repetition accuracy was expected to decrease with an increasing number
of syllables, and it was also hypothesized that consonants and vowels would be more
accurately repeated in words or nonwords with tonal word accent 2 compared to tonal

word accent 1.

Words were easier to repeat than nonwords, but only when segment repetition,
i.e. repetition of consonants and vowels, was considered. Worthy of note is that the
children in this study repeated tonal word accents very accurately in both words and
nonwords. Accuracy for prosodic features did not differ between words and non-
words, which could indicate that prosodic representations are more stable than seg-
ment representations. In line with this, prosodic features were more accurately re-
peated than segments. Another finding was that repetition performance was higher
for vowels than for consonants, a difference that was larger in nonwords compared
to words, which suggests that familiarity with the repetition stimuli is more important

for consonants.

In line with the predictions, the older children achieved higher results overall on
both WR and NWR, indicating that the ability to repeat both prosodic and segmental
features improves from four to six years of age in children with TLD. Some support
was also found for an influence of prosody on segment repetition. Consonants and
vowels in longer items were harder to repeat, but there was no linear relationship
between the number of syllables and segment repetition accuracy, suggesting that fac-

tors other than length, including prosodic features, are important. The length effect
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differed both between words and nonwords, and between the tonal word accent con-
ditions. Further, the two tonal word accents appeated to have provided different con-
ditions for segment repetition; in general, segments in words and nonwords with tonal
word accent 2 were easier to repeat compared to segments in tonal word accent 1

words and nonwotrds.

An implication of potential clinical importance is that both rhythmical (stress)
and tonal (tonal word accent) properties should be taken into account when con-
structing or using NWR tasks. The length effect is often put in relation to phonolog-
ical working memory capacity: long nonwords tax phonological working memory
more. However, the finding that different prosodic properties provided different con-
ditions for segment repetition in this study could indicate that differences between

shorter and longer words ot nonwords also reflect prosodic ability.

Paper 11

Repetition of prosodic word and nonword features was further investigated in the
second study, which included both children with typical and atypical language devel-
opment. The WR and NWR task was the same as in paper I, but a different group of
children with TLD was included. The main purpose of this study was to examine if
Swedish-speaking children with DLD repeat stress and tonal word accent in words
and nonwords as accurately as children with TLD. Problems with word level prosody
are prevalent in children with DLD acquiring Swedish as their first language. Further,
studies of English-speaking children have shown that children with DLD are less able
to repeat stress patterns compared to children with TLD. In the light of these previ-
ous findings, the hypothesis about the outcomes in this study was that the children

with DLD would exhibit a lower ability to repeat stress and tonal word accent.

Consistent with the hypothesis, the results showed that the children with DLD
repeated stress and tonal word accent in both words and nonwords less accurately
than the children with TLD. The group difference for tonal word accent repetition
was not dependent on the length of the stimuli, i.e. the children with DLD achieved
lower scores on short and long items alike. With regard to repetition of stress, there
was no difference between the groups for two- and three-syllable items, while the
children with DLD performed below the TLD children on the longer four- and five-
syllable items. The majority of stress errors were related to the omission of unstressed
syllables, especially in prestressed position. The children with DLD omitted signifi-
cantly more unstressed syllables in prestressed positions (occurring before the
stressed syllable of the word or nonwords) than in poststressed positions (after the

stressed syllable) in both words and nonwords. A difference between prestress and
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poststress syllable omissions was found also for the children with TLD, but only in
WR. This indicates that differences between children with DLD and TLD regarding

the ability to repeat prosodic nonwords features are qualitative as well as quantitative.

A secondary purpose was to explore potential correlations between the ability to
repeat prosodic word or nonwords features and language ability. Measures of phono-
logical production (The Phoneme Test), expressive grammar (Gramba) and receptive
vocabulary (PPVT-III) wete included to enable fulfillment of this purpose. Given the

dearth of previous research, no specific hypotheses were stated.

The results of the correlational analyses did not show that the ability to repeat
stress and tonal word accent is related to phonological production during naming of
familiar pictures, or to receptive vocabulary. The only significant correlation found
was between stress repetition in words and expressive grammar. Although this result
needs replicating, it could indicate that repetition of stress and the use of grammatical
morphemes share some common undetlying factor, which might be related to pro-
sodic ability.

The findings of this study adds to the body of research that has shown that there
are differences in WR and NWR ability between children with DLD and children with
TLD. For the first time, this was found also for repetition of tonal word accent in
Swedish.

Paper 111

The third study included in this thesis included children with HI and children with
TLD, and took a methodological approach similar to that in paper II. The first aim
was to investigate both prosodic and segmental aspects of NWR in children with bi-
lateral mild to profound sensorineural HI, compared to age-matched controls with
TLD. The study employed the same WR and NWR task, but the WR part was ex-
cluded in the analyses. The second aim was to examine potential correlations of NWR
performance in children with HI to language, degree of HI, nonverbal cognitive abil-
ity, and maternal education. The language measures included were The Phoneme
Test, Gramba and PPVT-III. Nonverbal cognitive ability was measured with the
block design subtest of WPPSI-III.

Both prosodic features (stress and tonal word accent), and segments were re-
peated less accurately by the children with HI compared to the children with TLD.
However, no difference in tonal word accent repetition accuracy between the groups
was found in two-syllable nonwords. The findings that repetition of stress and seg-
ments is challenging for children with HI are in line with previous studies of older

Swedish-speaking children who use CI or HA. Tonal word accent in nonwords have,
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to the best of the authors knowledge, not been studied in this population before.
Tonal word accent errors made by the children were mainly substitutions of one tonal
word accent for the other, and not a lack of a clearly distinguishable tonal word accent
altogether. The results indicated that tonal word accent 1 was easier to repeat than
tonal word accent 2. In contrast, Swedish-speaking children with TLD generally ac-
quire tonal word accent 2 first, and Swedish-speaking children with DLD often sub-

stitute tonal word accent 1 with tonal word accent 2.

Significant correlations were found between NWR and PPC in the Phoneme test,
expressive grammar, and receptive vocabulary. There was also a significant correlation
of NWR to unaided hearing level. While the sample of children of children with HI
was small and heterogeneous, this finding indicates that NWR has potential as a useful
tool to identify children with HI who, regardless of what hearing assistive technology

they use, are in need of speech and language intervention.

Paper IV

Children with DLD have unexplained language deficits, and children with any degree
of HI are at an increased risk of speech and language problems. These two groups of
children develop language under different conditions, and their language difficulties
may or may not be similar. Moreover, it is not clear whether language development
in children with DLD or HI is best described as typical but delayed, or if it follows a
trajectory that deviates from that of children with TLD. The purpose of this study
was to explore similarities and differences in phonological and grammatical produc-
tion between the groups of children with DLD, HI, and TLD.

The groups were compared on measures of phonological production during pic-
ture naming (The Phoneme Test) and word and nonword repetition (the WR and
NWR task), and on the expressive grammar test (Gramba). The results showed that
the groups differed significantly on production of consonants, vowels, stress patterns,
and tonal word accents, in both the picture naming task, and in the WR and NWR
task. The pairwise comparisons between the groups revealed a similar pattern for
most measures: the children with DLD and HI performed below the children with
TLD, but they did not differ from each other. The only exception was tonal word
accents in WR, which were more accurately repeated by the children with DLD com-
pared to the children with HI.

Detailed analyses of the results on the Gramba showed less consistency concern-
ing the overall group differences, but the children with TLD still outperformed the
children with DLD and HI on most subtasks. No difference between the groups was
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found for the use of present or future tense, plural, negation placement, or topicali-
zation word order. Few significant group differences could be revealed between the
children with DLD and HI. The only exception was the noun predicative agreement
subtask, on which the children with DLD achieved higher results.

To summarize, children with DLD and HI demonstrated comparable levels of
performance on phonological and grammatical production, but the findings need rep-
lication with larger samples. Future quantitative studies may enable identification of
uniquely characteristic strengths and weaknesses in children with DLD and HI re-
spectively. Based on the present findings, syntactic ability may be a strength in both
groups. Thus, intervention strategies harnessing syntactic ability, e.g. syntactic boot-
strapping, could be beneficial in therapy targeting speech sound production, grammar,

ot word learning.

69



Discussion

70



Discussion

DISCUSSION

The first general research question was concerned with the characteristics of prosodic
and phonological production during WR and NWR in children with DLD and HI.
The results of studies 11, III and IV showed that both clinical groups achieved lower
levels of performance on the repetition of consonants, vowels and stress compared
to the group of children with TLD. These findings were expected from previous stud-
ies of Swedish-speaking children with DLD and HI (Ibertsson et al., 2008; Nakeva
von Mentzer et al., 2015; Sahlén, Reuterskiold-Wagner, Nettelbladt, & Radeborg,
1999). The findings of the present thesis also contribute new information about tonal
word accent repetition. In comparison to segments and stress, tonal word accents
were repeated with higher accuracy by the children with DLD and HI, but perfor-
mance was still lower than for the children with TLD. The results of study IV showed
that performance on tonal word accent repetition was lower in the children with HI
than in the children with DLD, but the difference between the groups was only sig-
nificant for WR.

Tonal word accents are realized on syllables with primary stress, but have distinct
tonal patterns that span over whole words (or rather phonological words). While they
must be timed in relation to the stressed syllable, they have longer duration than seg-
ments and syllables, which could explain why they were repeated with more ease by
the children with DLD and HI. Problems with phonological units of short duration
have been attested in both DLD (Leonard et al., 1992) and HI (Svirsky, Stallings,
Lento, Ying, & Leonard, 2002). The lower scotes achieved by the children with HI
could be explained by both reduced general hearing levels, and by the restricted pos-
sibility to detect frequency modulations (Moore, 2007). However, it should be noted
that most tonal word accent errors in WR and NWR were judged as substitutions of
one tonal word accent for the other. Thus, the problem was seldom that children in
either the DLD or HI group used an indistinct or deviant tonal pattern. Given the
finding that the children with HI repeated tonal word accent 1 more accurately than
tonal word accent 2, it is possible that some of the children used tonal word accent 1
by default. This would appear to be in line with the assumption that tonal word accent
1 is the unmarked variant, assigned by default in the absence of lexical specification
for tonal word accent 2 (Riad, 2014, but see also Bruce, 1977, and Lahiri et al., 2005,
for alternative accounts). On the other hand, an advantage for tonal word accent 1 in
children is surprising given that tonal word accent 2 is acquired first (Peters &

Stromqvist, 1996). The children with DLD repeated tonal word accent 1 more accu-
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rately than tonal word accent 2 in nonwords, but not in words, which could also sug-
gest that tonal word accent 1 is used more when there are no lexical representations
available. It is worthy of note that there ate relatively few studies of tonal word accent
development in typically developing children, as well as in children with atypical lan-
guage development. Further research is needed to explain why it would be the case
that children with DLD and HI find it easier to use tonal word accent 1, if tonal word

accent 2 is indeed acquired first by children with TLD.

Regarding the repetition of stress patterns, both children with DLD and children
with HI omitted significantly more unstressed syllables than the children with TLD.
In both groups, there was also a clear effect of prosodic position; significantly more
unstressed syllables were omitted in prestressed positions, i.e. when they occurred
before the stressed syllable, compared to poststressed positions (after the stressed
syllable). The reason for this is unlikely to be differences in duration or amplitude
between prestressed and poststressed syllables, although this was not confirmed. In-
stead, it suggests a trochaic bias effect, building on the assumption that children
demonstrate a preference for the dominant stress pattern in the ambient language,
and therefore omit syllables that fall outside of this pattern (Gerken, 1991, 1994). This
effect has been found previously in Swedish-speaking children with DLD and HI
(Nakeva von Mentzer et al., 2015; Sahlén et al., 1999). The present findings indicated
that the size of this effect was comparable in the groups with DLD and HI, with
about twice as many prestress syllable omissions as opposed to poststress syllable
omissions. The children with TLD omitted twice as many prestressed compared to
poststressed syllables in nonwords, while there was no difference in words, suggesting
that the effect of prosodic position was not as strong in the TLD group. A trochaic
bias is normally found in younger children with TLD, but the present findings cannot
tell us if performance in the children with DLD and HI is similar to that of younger
typically developing children.

Compared to the children with TLD, the children with DLD and HI repeated
consonants and vowels with less accuracy, but the latter two groups did not differ
significantly from each other on either PCC or PVC in words and nonwords. Further,
consonants were more difficult to repeat than vowels in all groups. A HI presumably
has detrimental effects on the ability to perceive and use segments, especially conso-
nants, resulting in deviant or delayed development compared to children with TLD
and normal hearing, although many children catch up after receiving CI or HA (Faes
et al., 2016; Moeller et al., 2010). The difficulties with segment repetition in the chil-
dren with DLD are not attributable to reduced hearing acuity, but rather to problems
in phonological processing of a more cognitive or linguistic origin. So, while perfor-

mance was similar in the clinical groups, their problems might be caused by different
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underlying factors. The increased risk of phonological problems associated with HI
can be hypothesized to lead to a double deficit in repetition tasks, since the demands
on both accurate hearing and phonological processing are high. This would, at the
group level, presumably put them at a greater disadvantage than children with DLD.
If this is indeed the case, it was not evident from the findings of the present thesis. In
study IV, tonal word accent repetition in words was the only repetition measure on
which the DLD children achieved significantly higher performance compared to the
children with HI. Although the mean scores for vowel and stress repetition in both
WR and NWR were also higher in the DLD children, the difference compared to the

HI children did not reach significance.

In summary, production of both segments (consonants and vowels) and prosody
(stress and tonal word accent) in WR and NWR in children with DLD and children
with HI was characterized by lower levels of accuracy compared to children with
TLD. Consonants were most problematic, while tonal word accents were repeated
relatively successfully. In relation to prosodic production, tonal word accent 1 and
unstressed syllable occurring in a trochaic stress pattern appeared to benefit repetition
performance in both children with DLD and HI. Finally, few differences could be
found between the children with DLD and the children with HI.

An interest in the potential relationship between the ability to repeat prosodic word
and nonwords features and language ability, spurred the second general research ques-
tion. Prosodic ability has been proposed to play an important role in the acquisition
of lexical, grammatical and phonological elements, for example by providing cues to
word and phrase boundaries, and by highlighting important information (Arbisi-Kelm
& Beckman, 2009). However, such proposals are only remotely suggestive of a rela-
tionship between the ability to repeat prosodic features in word or nonwords, and
more general language ability. In this thesis, investigations into how the ability to re-
peat prosodic features of words and nonwords might possibly be related to language
ability were undertaken in studies II and III. Correlational analyses in study II did not
provide support for a relationship in children with DLD between repetition of either
stress or tonal word accent and segmental production (PPC) in picture naming (The
Phoneme Test), or receptive vocabulary (PPVT). There was, however, a significant
medium correlation between repetition of stress in words and expressive grammar
(Gramba). In contrast, the results of study III showed that repetition of both stress
and tonal word accents in nonwords was significantly correlated with the results on
all language measures (The Phoneme Test, Gramba, and PPVT) in the children with

HI. Further, significant correlations were found between unaided hearing level (dB
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BEHL) and repetition of stress and tonal word accent, but not between hearing level

and the language measures.

Starting with the finding that the ability to repeat stress was related to expressive
grammar in both the children with DLD and HI, there seems to be some support for
a link between prosody and grammar. Theoretical accounts of grammatical morphol-
ogy as partly prosodically conditioned state that certain morphemes are more difficult
to acquire and use because of the prosodic positions they occur in (Demuth, 2014;
Gerken, 1994, 1996). For example, many grammatical morphemes comprise un-
stressed syllables that occur outside of the typical trochaic stress pattern. In Swedish,
this applies to e.g. articles, prepositions, and copulas. Most stress repetition errors
made by the children with DLD and HI were omissions of unstressed syllables, mainly
in prestressed positions (i.e. outside the trochaic pattern), and it is possible that there
is a common underlying explanation for such omissions and difficulties with the use

of grammatical morphemes.

The correlations found between repetition of prosody and language in the chil-
dren with HI indicate that the ability to repeat stress and tonal word accent could be
related to more general language knowledge. This is in line with results from English-
speaking children with CI demonstrating that repetition of stress is correlated with
receptive vocabulary, morphology and syntax, as well as with intelligibility (Carter et
al., 2002). A possible explanation for the supposed relationship between NWR and
language performance is that the ability to repeat prosodic patterns reflect memory
and processing skills that are important to the acquisition of several receptive and
expressive language skills. It has been proposed that the association between NWR
and expressive language may be a result of a common underlying ability to process
phonological information in the absence of support from long-term knowledge
(Adams & Gathercole, 1996).

To summarize, the results presented in this thesis suggested some associations
between the ability to repeat prosodic word or nonword features and language ability.
In the children with DLD, this was shown by the finding that children who exhibited
high performance on stress repetition in words tended to have higher scores on the
expressive grammar test. In the children with HI, the children who achieved higher
scores on stress and tonal word accent repetition in nonwords generally obtained
higher scores on the language tests. Further research is needed to confirm the pres-
ence of an association of prosodic repetition to language ability in children with DLD

and HI, and what the natute of such an association could be.

The third general research question concerned similarities and differences between
children with DLD, children with HI, and children with TLD, regarding phonological
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production and expressive grammar. This was mainly examined in paper IV. With a
few exceptions, the general pattern of results for phonological and grammatical pro-
duction alike, was that both children with DLD and children with HI performed sim-
ilar to each other, but below the level of the children with TLD. Regarding phonology,
the ability to use tonal word accent was a relative strength for children with DLD and
HI, both in the Phoneme Test, and in WR and NWR. Most notably no difference
between the three groups was found for tonal word accent in production of familiar
words in the Phoneme Test, suggesting that the ability to use this prosodic feature
may be well preserved, despite problems with stress or segments. The children with
HI performed below the DLD and TLD children on tonal word accent production
in WR. This indicates that tonal word accent use in known words that need to be
listened to, processed and articulated in a short amount of time is harder for children
with HI. A possible explanation is that tonal word accent representations as part of
lexical representations are less specified in children with HI compared to children
with DLD and TLD.

While both the children with DLD and HI performed below the children with
TLD on most nominal and verbal morphology subtasks of Gramba, syntax emerged
as an area of strength. For placement of negations, and word order in topicalization,
no difference between the groups was found. High results on these subtasks could be
accomplished without highly accurate phonological production, which may have con-
tributed to high results also in children with expressive phonological problems. The
only grammar task for which a difference was found between DLD and HI groups
was predicative agreement, with lower scores obtained by the HI children. The task
required that the children accurately perceived and remembered the model construc-
tion presented by the examiner, and produced a subject noun, a copula comprising a
prestressed syllable, and a predicative in agreement with the noun. The accumulated
demands on grammatical ability, use of morphemes in prosodically disadvantaged po-
sitions, and phonological working memory, might have caused lower performance in

the HI group.
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Clinical implications

Although the work with the present thesis has been exploratory, and many of the
results obtained are suggestive rather than conclusive, there are some clinical implica-

tions.

Problems with the repetition of stress patterns in words might be indicative of
problems with expressive grammar in children with DLD. The ability to repeat stress
patterns could also be predictive of problems with receptive vocabulary, expressive
grammar, and phonological production in children with HI. The binary scoring of
stress as correct or incorrect used in the calculations of the total percentage score for
WR and NWR is straightforward and quick. It is substantially faster to do than calcu-
lations of e.g. PCC, and does not appear to come with the risk of floor effects that
may be associated with whole-word binary scoring in children with expressive pho-
nological problems. However, much further work is needed before assessment mate-
rials such as the WR and NWR task can come into clinical practice. As an alternative,
analyses of prosodic features could be performed as a complement in repetition tasks

that are already in use.

The results of studies I-1II indicated that prosodic factors are important for rep-
etition performance, e.g. the choice of tonal word accent and the metrical properties
used of the repetition stimuli. As prosody appears to have some influence on the
outcome measures, regardless of if they are segmental or prosodic, the prosodic fea-
tures of items included in repetition tasks should be taken into account. This is rele-
vant in relation to the view that NWR is a measure of phonological working memory.
Most established tests of NWR are scored based on whole-item or segment repetition.
Seeing as some prosodic features may provide better conditions for repetition than
others, part of what is typically interpreted as phonological working memory capacity

may in fact reflect the child’s prosodic ability.

Knowledge about which lexical prosodic features are harder or easier to use by
children with language disorders could be utilized in therapy aimed at learning speech
sounds, morphology or vocabulary. The results of this thesis indicate that trochaic
stress patterns, and possibly tonal word accent 1, could enhance production in chil-
dren with DLD and HI. As treatment of phonology is often carried out at the word
level, treatment of particularly difficult speech sounds could benefit from the use of
these structure. The same line of reasoning could apply also to morphological inter-
vention. Further, vocabulary acquisition could be facilitated if treatment target words
are chosen with prosodic features in mind, or by encouraging the child to attend to

the prosody of the words.
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Assessment of child phonology is often based on single word utterances, for in-
stance made in the context of picture naming tasks similar to the Phoneme Test used
in this thesis. Nonlinear approaches to phonological analysis acknowledge the im-
portance of prosodic context for speech sound production, for example the word or
syllable position a particular speech sound occurs in. The prominence of syllables,
mainly determined by stress and tonal word accent in Swedish, likely affects produc-
tion at the segmental level. Subsequently, descriptions of the phonological organiza-
tion in a child should be based on assessment materials that include words which

represent the lexical prosodic variation of the language.

Methodological considerations

The purpose of the present thesis was to explore prosodic and phonological ability in
children with DLD and children with HI. However, the scope of the investigations
has been quite limited.

First, the studies have only incorporated lexical prosody and phonology, leaving
out e.g. phrase level and interactional aspects of prosody. In consequence, many of
the skills that are part of ‘prosodic and phonological ability’ have found no place in
this thesis.

Second, the measures of prosody and phonology has been almost exclusively
production oriented, meaning that phonological perception is unaccounted for. In a
complex task like NWR, perception is undoubtedly involved, but looking at produc-
tion alone does not permit analyses of the degree to which variations in perception

affect the outcomes.

Third, it could be argued that the quantitative approach taken in the majority of
analyses in this thesis belies the complexity of phonology. While a measure such as
PCC can tell us that a child appears to have problems using consonants, it does not
provide information about which phonological features are problematic, or in which
phonological contexts certain consonants are hard to produce. More qualitative in-
vestigations into the phonological organization, or the use of e.g. phonological pro-
cesses, in children with DLD and HI would enable more detailed analyses of how the
prosodic and phonological ability differs between these groups.

Fourth, data collection has been restricted to testing in a controlled situation,
with structured interaction between the examiner and the child. This may be informa-
tive of the child’s ability to perform language related tasks, but it tells us less about
the same child’s ability to use language in everyday communication. A child that scores
low on a test might not experience problems using language in day-to-day activities,

and vice versa.
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Participants and recruitment

At the outset of this thesis project, the aim was to recruit at least 25 children with
DLD and 25 children with congenital bilateral sensorineural HI. While this goal was
met for the children with DLD, only 14 children with HI were included. Further,
variability in the sample of children with HI was extensive regarding hearing charac-
teristics. The restricted sample size alone make reliable generalizations virtually im-
possible, and the heterogeneity in terms of hearing assistive technology (CI or HA)
and time since implantation or fitting of HA further adds to this issue. Mixing children
with CI, HA, or a combination of CI and HA together is questionable, and most
previous research have investigated these groups separately. The decision to build the
studies of the children with HI on group comparisons was in line with the original
idea of the project, and with the ethical approval obtained. That said, other ap-
proaches, such as case studies, may have been more informative about WR and NWR,
prosody and phonology in this group.

The children with DLD were diagnosed by their SLPs, and details about what
informed the diagnostic decisions, or the type and amount of therapy each child had
received, have not been available to the researchers. All children had a diagnosis of
language disorder (Sw. sprikstirning) according to ICD-10. However, it is not known
what tests or observations were performed, or whether formal assessments of hearing

or cognition were made.

Recruitment proved to be quite difficult, with large variations in turn-out between
clinics. The researchers could only reach out to participants through clinicians and
other staff, which is a common procedure in SLP research. However, this way of
recruiting participants has a number of limitations. The workloads for clinicians are
typically high, leaving little time for peripheral tasks such as informing and asking
children and caregivers about research studies. Further, such tasks are often not part
of clinicians’ regular work assignments, and do not count toward productivity goals.
Clinicians may also have insecurities about which participants to approach, and they
might feel that patients are bothered by questions about study patticipation, or that
they feel obliged to participate if asked. Clinicians may also fear that a child’s partici-
pation in a scientific study would interfere with intervention. Another potential issue
is failure of the researchers to convey the purpose and importance of a given study to
clinicians, who in turn may feel less motivated to take part in recruitment. As a con-
sequence, not all children who are eligible for inclusion are given information and
opportunity to participate. These and other related factors influence the sampling. In

extension, it affects the quality and usefulness of clinical research.
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Limitations of the WR and NWR task
The present thesis has relied heavily on the WR and NWR task. The reason for con-

structing a new task instead of using an existing one was the interest in the prosodic
variation of Swedish words, and the will to exploit all of these features in the same
material. Arguably, no human behavior is simple, and all efforts to measure it will
inevitably be associated with confounding factors. Despite being procedurally
straightforward, immediate repetition is a complex cognitive and linguistic activity,
and all results must be interpreted with the limitations of the method used to measure
it in mind. Some of the major methodological questions about the WR and NWR task

are discussed below.

In the WR and NWR task, the children were told that they were going to hear
real words prior to the WR part, and fake words before the NWR part. It is not clear
that the concept of real words versus fake words made sense to the children. In nor-
mal word learning, a child (at least above a certain age) knows that a new word form
has to represent something in the world, and that the words are used to communicate
something. This is not the case for the encounter with known and unknown word
forms in artificial immediate repetition tasks, where there is no context or communi-

cative intent.

One of the methodological flaws of the WR and NWR task was that no proce-
dure was undertaken to ensure that the real words were known to the children. It is
possible that some of the words, especially the longer ones, were not in the vocabu-
laries of the children. And, if that was the case, those words would functionally have
been nonwords. A word learning phase prior to the WR and NWR task could have
remedied this flaw to some extent, but it is not clear that this would have guaranteed
that the children actually ‘knew’ the words at the time of testing. Another option
would have been to check which children new the real words, and to exclude those
children who didn’t. Either of these alternatives would have required extended testing

sessions, possibly divided between several visits.

The selection of nonword stimuli was based on judgments of wordlikeness by
naive listeners; the least wordlike nonwords were included in the task. However, nei-
ther the words nor the nonwords were controlled for phonotactic probability (the
frequency with which a given phoneme sequence occurs in a language) or neighbor-
hood density (the phonological similarity to other words). As both these factors in-
fluence repetition performance (Metsala & Chisholm, 2010; Munson, Kurtz, &
Windsor, 2005), it is possible that, for example, the difference in repetition accuracy
found between two length conditions may not have been due to length only, but also

due to unequal phonotactic probabilities or neighborhood densities in the conditions.
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Calculators for these measures are easily accessible for English (e.g. Storkel & Hoover,

2010), but not for Swedish.

The question of what is a word and what is a nonword has not been thoroughly
addressed in the research literature. Can a word be a word more for some children,
but less so to others? As touched upon above, a word is not a real word to a child just
because it exists in a dictionary, or even if it likely is present in the ambient language.
Full acquisition of a word, in terms of comprehension and usage in different contexts,
is not the work of a moment, but takes place over time. Perhaps the division of sound
strings into words and nonwords in a repetition task, such as the one used for the
present thesis, is not necessarily all that meaningful. Instead, maybe all word size com-
binations of speech sounds and prosodic properties should be seen as more or less
probable, based on linguistic and cultural context, phonological complexity, wordlike-
ness, neighborhood density and phonotactic probability, which in turn interacts with
the intrinsic properties of the language user, such as phonological working memory,

phonological processing skills, or characteristics and size of the vocabulary.

Words and nonwords were paired based on prosodic features, so that each non-
word had the same stress pattern and tonal word accent as its word counterpart. Some
slight variation in the exact realization of prosody between words and nonwords
might be expected, however, since live voice recordings were used. Although prosody
was perceptually judged to be the same in each word—nonword pair, no acoustic

measures were employed as confirmation.

A consistent finding in studies I-III was that words were easier to repeat than
nonwords, which was expected. The words and nonwords were not matched for syl-
lable structure, which means that phonological complexity may have differed some-
what. Higher complexity is associated with lower repetition performance (Gallon,
Harris, & van der Lely, 2007). Thus, the results from comparisons between WR and
NWR could have been influenced by this difference. Ideally, complexity should have
been equal in both words and nonwords of the same length. However, complexity
was comparable between the conditions, and the total number of complex syllables
was actually higher in words. This indicates that the higher accuracy found for WR
compared to NWR depended on other factors than phonological complexity. 1f any-
thing, the higher complexity of the words could have caused smaller effects of stim-

ulus type (word or nonword) than could be expected had complexity been equal.

The WR and NWR task was unbalanced concerning the number of items in each
length condition. In order to include all possible combinations of stress and tonal
word accent in words and nonwords up to five syllables long, there had to be, for
example, a minimum of 3 two-syllable items, and 9 five-syllable items (see table 6
displaying the WR and NWR task). Ideally, the number of items should have been the
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same in all length conditions. However, this would have required a WR and NWR
task with a total of at least 90 items (45 words and 45 nonwords), which would have
been too tiresome for many children With the present design, different amounts of
data were collected in each condition, and scores could not vary to the same degree
in all conditions. For any given child, the result on e.g. stress in 2-syllable words could
be 0%, 33.3%, 66.7% or 100%, whereas in the 5-syllable condition it could be 0%,
11.1%, 22.2%, 33.3%, and so on. Comparisons between items of different length in
an individual child would be misleading, but sufficiently large sample sizes could still
enable reliable group comparisons. On that note, none of the samples in the present

theses was particularly large, especially not the group of children with HI.
All the children’s productions in the WR and NWR task and the Phoneme Test

were transcribed phonetically, including diacritics for primary stress and tonal word
accent. The transcriptions were then used as the base for all segmental and prosodic
production measures. Unfortunately, there is no indisputable criteria for what is cor-
rect and incorrect when calculating e.g. PCC. Taking the PCC measure as an example,
several alternative approaches have been described (see e.g. Shriberg, Austin, Lewis,
McSweeny, & Wilson, 1997). In the present thesis, the criteria for correct production
can be considered fairly strict. For example, substitutions were scored as incorrect
regardless of whether it represented a systematic phonological simplifications process
in the child or not. Further, many words and nonwords contained late acquired
sounds that four- or five-year-olds cannot be expected to produce with adult-like ac-
curacy, but this was not taken into account in the calculations of PCC, PVC or PPC.
Consequently, the results presented in this thesis should not be regarded as adequately
representative of the children’s intelligibility. In defense of the method used, measures
that take speech sound development or problems with expressive phonology into
account, such as the PCC—Adjusted or PCC—Revised (Shriberg et al., 1997), would
have required assumptions to be made about what errors could be expected from the
children with DLD and HI. The problem becomes particularly evident in the children
with HI, since the same phonological error may be directly hearing related, or related
to problems at higher levels of processing, or both. In order to avoid different criteria

for different groups, all errors were assessed in the same way for all children.
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Directions for future research

In the present thesis, children were studied who had DLD with mainly phonological
and grammatical deficits. They represent only a subset of the heterogeneous popula-
tion of children with DD, and fututre studies should include children who exhibit
other or more severe language problems. Conversely, it would also be interesting to
study children with phonological and grammatical difficulties separately. The children
with HI had very diverse background with regard to hearing, and included very few
children, especially with CI. Studies of children with mild to moderate HI who wear
HA, and children with CI (who typically have more severe HI), should be conducted
with these groups separated, since the different hearing assistive technologies provide
different hearing experiences. Further, the correlations found between unaided hear-
ing level and repetition ability in the present thesis could motivate groups based on
degree of HI. Finally, any studies of children with HI should include larger samples,
regardless of grouping.

Both language and immediate repetition ability change during the course of de-
velopment. Cross-sectional designs cannot capture changes over time, and do not
enable inference about causality. Longitudinal studies could provide insights about
e.g. the relationship between the ability to repeat nonwords and different language
skills, and whether the nature of such a relationship appears to change. Given the
importance of prosody in early development, children younger than those in the pre-
sent thesis should be included.

Several findings warrant further examination of the relation between prosody and
grammar in Swedish-speaking children with DLD and HI. First, the results of studies
II and III suggested that the same underlying abilities may be involved in the repeti-
tion of stress and in grammatical ability. Second, the analyses of grammar in paper IV
indicated that many of the most problematic grammatical morphemes in the Gramba
test occurred in prosodically disadvantaged positions. Detailed analyses of morphol-
ogy and syntax in relation to word and phrase level prosody could be both theoreti-
cally and clinically relevant. Studies of younger children with or without language dis-
orders could inform about the interaction between prosody and grammar in the
course of development, for example if prosodic ability at an eatly age could predict
later grammatical ability. Further, investigations into potential prosodically condi-
tioned grammatical problems could be of value in assessment and treatment of chil-
dren with DLD or HI.

The investigations of phonology and prosody in the present thesis were confined
to immediate repetition and picture naming targeting single words. It would be of

great interest to examine phrase level phonology, as well as phonology in the context
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of conversation ot narration. Future studies should also examine if the children who
achieve low results on lexical prosody measures in repetition ate also less successful
when communicating in interaction with others. If so, it would be interesting to see

if communicative problems appear to depend on the use of prosody.

NWR has been used extensively in the study of child language, and has been
confirmed to be problematic for both children with DILD and children with HI. The
main contribution of the present thesis to research concerned with NWR ability is the
tinding that tonal word accent appears to play a role in repetition. However, many of
the details about how repetition performance varies as a function of the ability to use
tonal features remain to be revealed. The WR and NWR task included too few items
with the same combination of stress and tonal word accent to enable reliable, more
discrete, comparisons between prosodic properties. Future studies should employ
more focused experimental tasks that target specific prosodic features in a more con-
trolled way. For example, differences between the tonal word accents could be inves-
tigated with a larger number of two-syllable nonwords with the same stress pattern,
closely matched segmental makeup, and an equal number of items with tonal word

accent 1 and 2.

Analyses based on general measures (such as PCC) and group comparisons based
on average performance only tell us if a difference could be found or not. While this
can be a first step toward identifying important differences between children with
typical and atypical language ability, such findings need to be complemented by other
analyses. Variations and deviances in segmental production can be described in terms
of subphonemic phonological features or articulatory gestures, and how these interact
with each other, and with features at the prosodic level. Prosodic production can also
be analyzed in more nuanced ways, for example with acoustic analyses. The finding
that there were few significant differences between the children with DLD and the
children with HI does not mean that there were no differences of importance that
could have been revealed by more qualitative phonological analyses. Future studies
should consider incorporation of both quantitative and qualitative measures, and

should not rely solely on perceptual analyses.
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CONCLUSIONS

e Children with DLD and children with HI demonstrate lower performance
compared to controls with TLD and normal hearing on both segmental and
prosodic measures of prosodic and segmental phonological ability in immedi-
ate repetition tasks. Difficulties with prosody include both rhythmical and to-
nal properties, manifested as problems with the repetition of stress patterns
and tonal word accents. Higher accuracy can be expected for tonal word ac-

cent production than for stress, vowels and consonants.

e The ability of children with DLD to repeat stress in real words is related to
expressive grammar, but prosodic repetition does not reflect general language

knowledge.

e In children with HI, repetition of both segments and prosody may be indica-
tive of receptive vocabulaty, phonological production during naming of famil-
iar words, and expressive grammar. Repetition performance might be related
to the degree of HI before cochlear implantation and/ o fitting of hearing aids.
However, the findings from the small and diverse group of children with HI
in the present thesis did not support an effect of duration of CI or HA use on
repetition or language ability.

e Children with DLD and children with HI demonstrate similar strengths and
weaknesses in phonological and grammatical production, despite the fact that
they develop language and cognition under different conditions—with and
without normal hearing. Tonal word accent use and syntax are relatively un-
impaired in DLD and HI children.

e Future research should include larger and more well defined samples, prefera-
bly using longitudinal study designs. Potential differences in phonological, in-
cluding prosodic, ability and immediate repetition between children with DLD
and HI should include both quantitative and qualitative methods, using data
from both behavioral testing and communication in interaction. Further, pet-

ceptual as well as instrumental analyses should be employed.
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SVENSK SAMMANFATTNING

Fonologi dr liran om sprikets ljud och ljudsystem, det vill siga vilka ljud som finns i
ett sprak, regler f6r hur de kan kombineras, och hur de anvinds for att férmedla
betydelse. Till fonologin riknas prosodin — talets och sprakets melodi och rytm.
Prosodi anvinds bland annat f6r att gruppera ljud och ord som hér samman, fram-
hiva viktig information, reglera turtagning i samtal samt fOr att uttrycka kinslotill-
stind. P4 ordnivé kan prosodiska egenskaper anvindas f6r att gora skillnad i betydelse
mellan ord som f6r Gvrigt har nistintill identiskt ljudinnehéll. Exempelvis get beto-
ningen olika betydelse i 'banan och ba'nan, medan det i ett ordpar som anden (av

and) och anden (av ande) 4r ordaccenten som gor skillnad.

Barn visar redan kort efter fédelsen mer intresse f6r manskligt tal och manskliga
roster dn fOr andra ljud. Under det férsta levnadsdret 6kar kinsligheten f6r de ljud-
monster som finns i det omgivande spraket. Fram till ungefir sex manaders dlder kan
ett spddbarn sirskilja alla méinskliga sprikljud, men redan vid ett édrs alder har barnet
svart att uppfatta och diskriminera mellan ljud som inte ingdr i modersmélet. Denna
sprikspecifika perception ir till férdel fér barnet, eftersom endast en begrinsad upp-
sittning ljud behovs for att bygga ord och férmedla betydelse i ett givet sprak. Det
omgivande talet och spriket avspeglas dven i barnets joller som successivt anpassas
efter de vuxnas melodi och rytm. Prosodins roll i sprakutveckling dr bland annat att
mojliggora for barnet att rikta uppmarksamheten mot information som ér viktig och
att uppfatta vilka ljud som hor samman i ord eller fraser. P4 det sittet underlittar

prosodin tillignandet av exempelvis grammatiska och lexikala enheter.

Barn med sprikstérning och barn som har en hérselnedsittning uppvisar ofta
fonologiska svarigheter, vilket kan fd konsekvenser bade fér férmagan att forstd talat
sprak, och f6r f6rmagan att uttrycka sig. Medan det hos barn med sprakstérning inte
finns nagon kind orsak till svarigheterna, antas de hos barn med hérselnedsittning
bero pa deras reducerade horférméga. Likartade sprikliga nedsittningar férekommer
alltsd 1 dessa tva grupper, trots att de har olika férutsittningar att utveckla talat sprak.
Dock finns med stérsta sannolikhet en undergrupp av barn med hérselnedsittning
som skulle ha sprakliga problem dven om de hade normal hérsel och som ddrmed

kan vara i behov av sirskild intervention.

Variationen mellan individer avseende spriklig och kognitiv f6rmaga ér stor hos
sévil barn med typisk utveckling som hos barn med sprikstérning eller hdrselnedsatt-

ning. Det innebir en utmaning f6r barnhilsovarden gillande att identifiera vilka av
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dessa barn som f6ljer en typisk tal- och sprakutveckling, och vilka som inte gor det.
En uppgift som har visat sig anvindbar f6r att skilja mellan barn med typisk och
atypisk sprakférmaga dr nonordsrepetition, dir barnet lyssnar pa pédhittade ord och
omedelbart repeterar dem si likt de kan. Uppgiften dr komplex, och manga faktorer
kan paverka prestationen. Bade fonologiskt arbetsminne och fonologisk bearbet-
ningsférmaga antas vara inblandade, men det 4r inte klarlagt exakt vad nonordsrepe-
tition miter. Relativt fd studier har undersékt vilken effekt nonordens prosodiska

egenskaper har pé repetitionsférmagan.

Syftet med foreliggande avhandling ér att studera fonologi pa ordniva, med sir-
skild tyngdpunkt pd prosodi, hos barn med sprakstérning och barn med hérselned-
sittning. Ett ytterligare syfte dr att beskriva fonologiska svarigheter i dessa grupper
och att underséka den méjliga diagnostiska och prediktiva anvindbarheten hos en
ord- och nonordsrepetitionsuppgift som tar hinsyn till prosodiska egenskaper. De

overgripande fragestillningarna var:

e Vad kinnetecknar prosodisk och fonologisk produktion vid ord- och
nonordstrepetition hos barn med sprakstérning, barn med hérselnedsittning,

och barn med typisk spriakutveckling?

e Vilket férhéllande har férmégan att repetera prosodiska egenskaper till Svrig

sprakférmaga hos barn med sprakstérning och barn med horselnedsittning?

e Vilka likheter och skillnader uppvisar barn med sprakstérning, barn med hor-
selnedsittning och barn med typisk sprakutveckling avseende fonologisk pro-

duktion och expressiv grammatisk f6rmaga?

For att besvara dessa frigestillningar genomférdes fyra delstudier (I-1V), vilka be-
skrivs nedan. Totalt ingick 117 barn mellan fyra och sex ar: tvd grupper barn med
typisk sprikutveckling (I och II-1V), en grupp barn med sprakstorning (II och 1V),
och en grupp barn med hérselnedsittning (111 och IV).

I delarbete I deltog 44 barn med typisk sprakutveckling, uppdelade i en yngre
(dlder 4;0—4;11 ar;manader) och en dldre (alder 5;0-5;11) grupp. Syftet var att under-
sOka férmagan att repetera ord och nonord med sirskilt fokus pa hur prosodiska
egenskaper pédverkar produktion av segment (konsonanter och vokaler). Generellt
presterade de dldre barnen bittre 4n de yngre pa repetition av bade prosodiska egen-
skaper och segment. Prosodiska egenskaper var enklare att repetera 4n segment och
sirskilt h6ga podng erh6lls pd repetition av ordaccenter, medan konsonanter repete-
rades minst precist. Resultaten visade dven att segment repeterades bittre i ord dn i
nonord, medan motsvarande skillnad inte fanns f6r prosodiska egenskaper. Avseende
effekten av prosodiska egenskaper pa segmentrepetition erh6ll barnen ldgre resultat

pé repetition av segment i ord och nonord med manga stavelser. Segment repeterades
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ocksd bittre i ord och nonord med accent 2 jimfért med accent 1 av de dldre barnen,
medan denna effekt av accenttyp bara fanns f6r ord hos de yngre barnen. Samman-
fattningsvis tyder resultaten fran delarbete I pd att formdgan att repetera ord och
nonord utvecklas mellan fyra och sex ars alder, och att prosodiska egenskaper har
betydelse f6r hur framgingsrikt barn med typisk sprakutveckling repeterar vokaler

och konsonantet.

Milet med delarbete II var att studera repetition av betoning och ordaccenter i
ord och nonord hos barn med sprdkstérning samt att underska potentiella korrelat-
ioner mellan repetition av prosodiska egenskaper och matt pa spraklig f6rmaga. Del-
tagarna var 30 barn mellan fyra och sex 4r, med huvudsakligen fonologiska och gram-
matiska svirigheter, och 29 barn med typisk sprakutveckling. Resultaten visade att
barnen med sprakstérning presterade signifikant ligre dn barnen med typisk sprakut-
veckling pd repetition av betoningsménster och ordaccenter. Det vanligast férekom-
mande felet pa repetition av betoning var utelimningar av obetonade stavelser, sirskilt
i pretonisk position, det vill siga fére den betonade stavelsen. Repetition av proso-
diska egenskaper korrelerade inte med fonologisk produktion av bekanta ord vid bild-
benidmning eller med receptivt ordférrad. Diremot fanns en signifikant korrelation
mellan repetition av betoning i ord och expressiv grammatisk férmaga. En méjlig
forklaring till det potentiella sambandet mellan repetition av betoning och expressiv
grammatik 4r att manga grammatiska morfem i svenskan utgdr obetonade stavelser,
ofta i pretonisk position. Svirigheter att hantera den prosodiska strukturen kan fa
negativa konsekvenser for tillignandet och anvindningen av sidana morfem, och det

ir moijligt att det avspeglas 1 barnens formadga att repetera betoningsmoénster i ord.

Delarbete 111 inkluderade en grupp om 14 barn med mild till grav hérselnedsatt-
ning som anvinde konventionell hérapparat, cochleaimplantat eller en kombination
av bada. Aven 29 barn med normal hérsel och typisk sprakutveckling deltog. Det
forsta syftet var att underséka prosodiska och segmentella aspekter av nonordsrepe-
tition hos barnen med hérselnedsittning och att jimféra deras resultat med kontroll-
gruppens. Det andra syftet var att utforska potentiella associationer mellan nonords-
repetition och sprak, icke-verbal kognitiv f6rmdga, moderns utbildningsniva samt
hérselbakgrundsvariabler. Resultaten indikerade att f6rmégan att repetera ordaccent,
betoning, konsonanter och vokaler var ligre hos barnen med hérselnedsittning jam-
fért med barnen med typisk utveckling. Prestationen pa repetition av ordaccenter var
dock relativt hog i férhallande till betoning, vokaler och konsonanter. I tvastaviga
nonotd fanns ingen skillnad mellan grupperna avseende ordaccenter. Vidare repete-
rades vokaler med storre framging dn betoning av barnen med horselnedsittning,
vilket tyder pd att prosodiska egenskaper inte nédvindigtvis dr enklare att repetera dn

segment. Konsonanter utmirkte sig dock som sirskilt svira att repetera. I likhet med

87



Swedish summary

resultaten i delarbete II, var utelimning av obetonade stavelser i pretonisk position
det vanligaste felet pa repetition av betoningsménster hos barnen med horselnedsitt-
ning. Korrelationsanalyser visade att de barn som presterade ldgt pd repetition pa na-
got av repetitionsmatten (ordaccent, betoning och segment) ocksd uppnadde ligre
resultat pa fonologisk produktion vid bendmning, expressiv grammatik och receptivt
ordf6rrad. Dessutom korrelerade utfallet pa nonordsrepetition med den grad av hor-
selnedsittning barnen hade innan de fick sina hdrapparater eller implantat. Daremot
hittades inga korrelationer till hur gamla barnen var nir de fick sina hérhjidlpmedel

eller hur linge de hade anvint dem.

I delarbete 1V jaimférdes 30 barn med sprakstérning, 14 barn med hérselnedsitt-
ning och 29 barn med normal horsel och typisk sprikutveckling. Jimforelsematten
var fonologisk produktion vid bendmning och ord- och nonordsrepetition samt gram-
matisk produktion av morfologi och syntax. Resultaten pa produktion av konsonan-
ter, vokaler, betoningsménster och ordaccenter f6ljde nistan genomgaende samma
monster vid benimning som vid ord- och nonordstrepetition: barnen med sprakstor-
ning och barnen med hérselnedsittning presterade ligre dn barnen med typisk sprak-
utveckling men skiljde sig inte signifikant frdn varandra. Ett undantag var repetition
av ordaccenter i ord, dir barnen med horselnedsittning uppnadde signifikant ligre
podng dn barnen med sprikstérning och barnen med typisk utveckling som i sin tur
inte skilde sig dt. Analyser av samtliga deluppgifter i grammatiktestet Gramba visade
att barnen med sprikstérning och barnen med horselnedsittning hade svarigheter
med de flesta morfologiuppgifterna jimfért med barnen med typisk sprakutveckling,
Undantagen var presens- och pluralb6jning dir ingen skillnad mellan grupperna
fanns. Medan de morfologiska aspekterna var problematiska framtridde anvindning
av syntaktiska konstruktioner som en styrka hos barnen med sprikstérning och hor-
selnedsittning. Fa signifikanta skillnader i grammatisk f6rmaga mellan barnen med
sprakstorning och barnen med hoérselnedsittning hittades. Det enda undantaget var
kongruens i predikativ, dir ett subjekt, kopulan ”4r” och ett kongruensbéijt adjektiv

maste anvindas tillsammans.
De sammantagna fynden frin delarbetena ledde fram till féljande slutsatser:

e Barn med sprakstérning och barn med hérselnedsittning har ldgre f6rmaga dn
barn med normal hérsel och typisk sprakutveckling att repetera prosodi och
segment i ord och nonord. Svarigheter med prosodiska egenskaper inkluderar
bade rytmiska och tonala drag, det vill siga betoning och ordaccenter. Hégre

precision kan dock férvintas f6r ordaccenter dn f6r betoning.

e F6rmdgan hos barn med sprakstdrning att repetera betoning i ord dr relaterad
till expressiv grammatik, men repetition av prosodiska egenskaper avspeglar

inte generell spraklig f6rmaga.
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Swedish summary

Hos barn med hérselnedsittning kan problem med repetition av segment och
prosodi i nonord indikera svéirigheter med receptivt ordférrad, expressiv gram-
matik och segmentproduktion vid benimning. Repetitionsférmédgan kan dven
vara relaterad till graden av hoérselnedsittning innan implantation eller hor-
apparatanpassning. Med tanke pad det ringa antalet deltagare gruppens hetero-

genitet dr generaliserbarheten lag och resultaten bor tolkas med stor forsiktig-

het.

Barn med sprakstérning och barn med hérselnedsittning uppvisar liknande
styrkor och svagheter avseende fonologisk och grammatisk produktion, trots
att de utvecklar talat sprak under olika férhéllanden — med och utan normal
hérsel. Anvindning av ordaccenter och syntax ir relativt opaverkad. Framtida
studier bér dock inkludera kvalitativa analysmetoder for att belysa likheter och
skillnader mellan dessa grupper. Aven data fran spontantal i interaktion bér

undersokas.
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