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Abstract

For children with a developmental language disorder (DLD), impairments in phonology and syntax often
co-occur (Fey et al., 1994; Tyler, Lewis, Haskill & Tolbert, 2002). However, it is not clear whether, and if
so how, difficulties in these domains are related. The current study examines the relation between
phonological and syntactic difficulties in 45 toddlers with DLD, aged between 2;4 and 4;3 (M = 3;6). It
comprises a concurrent and longitudinal examination of receptive and expressive phonological and
receptive and expressive syntactic abilities.

Correlation analyses indicated that phonological and syntactic abilities of toddlers with DLD
were related at concurrent time points within the receptive and expressive domain. Furthermore,
repeated mixed effects analyses showed that improvement in expressive phonological abilities was
related to improvement in expressive syntactic abilities, and that improvement in receptive
phonological abilities was related to improvement in receptive syntactic abilities. Finally, a qualitative
analysis was conducted to explore differences between toddlers with different phonological diagnoses.
This analysis suggested that toddlers diagnosed with an inconsistent phonological disorder had poorer
syntactic skills than toddlers diagnosed with a consistent phonological disorder, although further
research is needed to address this issue. The results of the current study were used to compare four
different theories on DLD, including the Bucket theory (Crystal, 1987), a grammatical theory (Rice,
Wexler and Cleave, 1996), cascading theories (Chiat, 2001; Joanisse and Seidenberg, 1998), and implicit
learning theories (Romberg & Saffran, 2019; Ullman & Pierpont, 2005). The results are mostly in
agreement with the predictions made by the cascading and implicit learning theories.

This study contributes to our understanding of how different components of language interact
during the language development of children with DLD. More specifically, it provides insight into how
receptive and expressive phonological skills are associated with syntactic comprehension and
production skills in toddlers with DLD. This study could have implications for clinicians and speech and
language pathologists, as the interactions across phonology and syntax could be used in future

interventions for toddlers with DLD.
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1. Introduction

To acquire language, children must learn the structures of sounds, words, and sentences of their native
language. For most children, this happens automatically, effortlessly, and without explicit instruction
(e.g. Brooks & Kempe, 2012). However, language is not acquired effortlessly by children with
developmental language disorder (DLD). These children have impairments in the development of their
language production or production and comprehension, although they do not have sensory, cognitive,
or neurological deficits, an unfavourable psychological condition, or have suffered from deprived
language input (e.g. Brooks & Kempe, 2012; Verhoeven & van Balkom, 2004). They often show
difficulties in all language domains, including auditory perception, phonology, morphology, semantics,
and syntax (Botting & Conti-Ramsden, 2004; Brooks & Kempe, 2012). Impairments in phonology and
syntax often co-occur (Fey et al., 1994; Tyler, Lewis, Haskill & Tolbert, 2002), and it is therefore likely
that these difficulties interact (e.g. Fey et al., 1994; Tyler, 2002; Tyler et al., 2002).

Potential interactions between phonological and syntactic abilities could have implications for
the type of interventions speech and language pathologists should provide to children with DLD, and
are therefore important to examine. Thus far, however, little research has been conducted on relations
between phonological and syntactic difficulties of children with DLD. Therefore, it is far from clear
whether, and if so how, these difficulties are related during language development.

The aim of the current study is to explore potential relations between phonological and
syntactic comprehension and production abilities of toddlers with DLD. This study comprises concurrent
and longitudinal examinations of relations between expressive and receptive phonological abilities and
expressive and receptive syntactic abilities of toddlers with DLD. The concurrent analyses examine
relations between phonology and syntax at two time points, although the syntactic and phonological
tests are not always administered at the same time points. Therefore, the concurrent correlations are
correlations between phonological and syntactic performances at two different points in development,

although with the same time span in between these measurement points, see Section 4.2 for further



explanation. The longitudinal analyses examine relations between phonological and syntactic change
between these measurement points. The toddlers participating in the current study are diagnosed as
having speech sound disorders (SSD) and suspected DLD. These toddlers will be referred to as toddlers
with DLD, but bear in mind that they have SSD as well.

The hypotheses of the present study are based on different theories on the cause of DLD, which
are described in Chapter 2, the Theoretical background. The theories described there are: the Bucket
Theory (Crystal, 1987), cascading theories (Chiat, 2001; Joanisse & Seidenberg, 1998), a grammatical
theory (Rice, Wexler & Cleave, 1996), and implicit learning theories (Romberg & Saffran, 2010; Ullman
& Pierpont, 2005). All of these theories, except the grammatical theory, predict interactions between
phonology and syntax, although they differ in the kind of interactions they predict. The different theories
are discussed in the next chapter and compared to the results of the present study in the last chapters.

The current study can contribute to our understanding of how different components of
language interact in atypical language development. A secondary goal is to compare different theories
on DLD, based on the predictions they make about how phonological and syntactic impairments are
related. More specifically, the current study provides insight into how receptive and expressive
phonological skills affect syntactic comprehension and production of toddlers with DLD, and vice versa.
This study could have implications for clinicians and speech and language pathologists, as potential

interactions across phonology and syntax could be used in future interventions for toddlers with DLD.



2. Theoretical background

2.1 A model of language processing

2.1.1 A functional model of speech perception and production
To explore the potential interactions between phonological and syntactic difficulties of children with
DLD, the functional model of speech perception and production proposed by Terband, Maassen, and
Maas (2016) is used. In the subsequent sections, this model will be used to make clear how phonological
and syntactic elements interact during speech production and perception. Furthermore, this model will
be used in discussing and comparing the different theories on DLD, because it can make clear how these
theories differ from each other.

The model by Terband et al. (2016) is based on the spoken language processing models by Levelt
(1989) and van der Merwe (1997). Their model describes speech processing using a hierarchical
structure with cascading activation, in which the output of one module is the input for the next module.
Information is processed continuously and incrementally; multiple modules are active at the same time
and a module can start processing input from the previous module before that one is finished.
Additionally, the model contains self-monitoring processes at multiple levels, which are used to avoid
errors in speech production. The model is shown in Figure 1 and describes the speech perception and

production processes in an adult listener/speaker.
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Figure 1. Speech processing model by Terband et al. (2016,
p. 5)

Speech production starts with a concept a speaker wants to convey, which is at first a non-verbal
message. This message goes to the grammatical encoding module, in which words, together with their
syntactic structure, are retrieved from the mental lexicon. During grammatical encoding, the syntactic
structure of a sentence is built using the grammatical properties of the words. The selected words are
the input for the phonological encoding process, in which the sounds of the words are selected and
ordered, in accordance with phonological rules. During motor planning, the articulatory movements are
selected and ordered, and this information goes to the motor programming process, in which the actual
muscle movements are programmed in order to produce the sounds. Finally, this motor program is
executed by the speaker.

For speech perception, overt speech needs to be converted into a conceptual message. In the
auditory processing and memory module, speech is recognized and differentiated from other sounds
and stored in the short-term (phonological) working memory. Then, phonological decoding takes place,

i.e. mapping recognized sounds onto words, and these words are activated in the mental lexicon. The



meaning of the activated words is retrieved during grammatical decoding. Furthermore, in this latter
module, the syntactic structure of the incoming sentence is parsed. Next, the sentence can be translated
into a conceptual representation of the situation that is described.

Because the output of one module is used as input for the next module, all modules are
connected. So, if something goes wrong in one module, the next module processes incorrect input,
leading to difficulties or incorrect processing (Terband et al., 2016). For example, if there is a problem
in the phonological decoding level, it is difficult, or perhaps impossible, to retrieve the correct word
from the mental lexicon, and consequently, the grammatical decoding module cannot select the correct
words and their syntactic structures. This in turn, means that it is very difficult to get the meaning of the

words and to parse the sentence, which may lead to comprehension difficulties.

2.1.2 Development of processing modules

In adults, the speech production and perception processes are ‘highly overlearned’, and thus ‘very
robust’ (Terband, Maassen & Maas, in press, p. 8). Small children, however, are in the process of
acquiring grammatical and phonological rules; their language processing needs to develop into an adult-
like system. This is shown in Figure 2. As can be seen, this model is a simplified version of the adult
model; the encoding and decoding processes are not yet there. When the vocabulary of a child grows,
the phonological system develops, resulting in a mental lexicon and phonological encoding and
decoding processes (Maassen, 2002). This leads to the development of grammatical encoding and

decoding processes, and finally to an adult-like language processing system.
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Figure 2. Model of speech processing in young children
by Terband et al. (2016, p. 5)

The different processes develop simultaneously, and their developments interact (Nip, Green &
Marx, 2011; Terband et al., in press). This means that if a child has a (developmental) impairment in one
module, this influences the development of neighbouring processes as well (Terband et al., in press).
For example, if a child has an auditory-processing deficit, this could also lead to difficulties on the
phonological level, because a child cannot form correct and stable phonological representations based
on reduced input. And a phonological deficit could in turn lead to difficulties in the next, syntactic,
module. In other words, the model by Terband et al. (2016) suggests that the development of phonology

and syntax interact.

2.2 Typical language development

This section briefly describes the phonological and syntactic development of typically developing (TD)
children. The typical development in these two domains is relevant for understanding the difficulties
children with a language disorder could have, and for a better understanding of how phonological and

syntactic abilities might be related.
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2.2.1 Speech perception

Children can understand speech before they produce their first words (Nijland, 2009), therefore,
development of speech perception precedes the development of speech production. At first, babies are
able to discriminate between sounds that do not exist in their native language. Between six and ten
months of age, infants start to tune into their native language (Werker, 1989). Universal speech
perception develops into more language specific perception abilities, which are needed for
distinguishing phonemes, and thus recognizing words. To do so, infants must build stable
representations of words (White & Morgan, 2008). These representations are especially needed to map
meanings to words, but, for instance, also to detect grammatical categories. Infants can rely on multiple
cues to segment words, including statistical regularities (Saffran, Aslin & Newport, 1996), rhythmic
patterns (Thiessen & Saffran, 2003), phonotactic rules (Brent & Cartwright, 1996), and coarticulatory
cues (Johnson & Jusczyk, 2001). Phonotactics are the rules that restrict on certain combinations or
placements of sounds in a specific language (Zamuner & Kharmalov, 2016). In Dutch, for example, the
cluster /br/ could be in word-initial position, but not in word-final position. Infants start applying
phonotactic rules in word segmentation around the age of nine months, as was found by Friederici and
Waessels (1993), Jusczyk, Friederici, Wessels, Svenkerud, and Jusczyk (1993), Mattys and Jusczyk (2001),

and Jusczyk, Luce & Charles-Luce (1994).

2.2.2 Speech production

TD children follow a universal pattern in their phonological production development (Brooks & Kempe,
2012; Zsiga 2013). Infants must acquire the segments, phonological processes and phonotactic rules of
their language, and errors in their production can be explained by their still developing phonological
system (Beers, 2011). Between three and six months of age, infants start to try to imitate speech sounds.
Around six months of age, the babbling phase starts, which is characterized by repeated consonant-
vowel (CV) syllable structures. The first recognizable words are uttered around twelve months old. These

words consist mostly of CV syllables and sounds and clusters of consonants are often simplified (Beers,
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2011). Between the ages of three and four years, the phonology of TD infants becomes adult-like (Zsiga,

2013).

2.2.3 Syntactic comprehension

Before infants produce their first sentences, they already have some knowledge of syntactic structures,
as is demonstrated by studies using an intermodal preferential looking paradigm (IPLP) (Golinkoff, Ma,
Song & Hirsh-Pasek, 2013). In this paradigm, two pictures are presented to an infant together with an
auditory sentence, and infants’ fixations can indicate their comprehension of the sentence. An example
of a study using IPLP is the study by Gertner, Fisher and Eisengart (2006), who found that 21-months-
old infants can use word order to interpret transitive sentences. Furthermore, Kedar, Casasola, and Lust
(2006) found that English-acquiring, 18-months-old infants were faster and more accurate in their
fixations when they listened to sentences in which function words were used grammatically compared
to when they listened to sentences in which function words were used ungrammatically. These studies
indicate that young infants already have some knowledge of word order and function words, and that

they can use this knowledge during sentence processing.

2.2.4 Syntactic production

As mentioned above, infants tend to produce their first word around the age of one. Roughly six months
later, they start to produce two-word utterances (Zsiga, 2013). Between the second and third year of
life, children begin to make longer and more complex utterances. In this stage, children’s sentences
consist of the most necessary words (Baker, Don & Hengeveld, 2013), and other words are often
omitted. Verb placement develops from using infinitives as verb, to an ‘optional infinitive stage’, in
which they sometimes use a finite and sometimes a non-finite form of a verb (Wexler, 1994), to using
more complex predicates, including a finite verb in first or second position and a sentence-final verb
(Wijnen and Verrips, 1998). Between the age of three and five, children learn many words of different

grammatical categories, resulting in more complex sentences. Furthermore, children make fewer errors

12



in word inflections (e.g. verbs, plurals, diminutives). Around the age of five, the syntactic production of

children becomes adult-like (Baker et al., 2013).

2.2.5 Interactions between the development of phonology and syntax

The previous sections briefly described the typical development of phonological and syntactic abilities.
The most obvious similarity between these linguistic domains is that both consist of patterns and
structures; either of sounds and (representations of) words or of sentences. Children need to detect
and learn these patterns and structures in order to build grammatically correct words and sentences. It
is, therefore, likely that a statistical learning mechanism, which is used to detect and learn regularities,
plays an important role in the acquisition of phonological as well as syntactic rules and categories
(Wijnen, 2013).

There are not many studies that examined how phonological and syntactic development
interact. However, an example of how phonological cues could influence syntactic categorization,
comes from (infant) corpus studies that showed that, for example, verbs and nouns, and open- and
closed-class words, differ in their phonological properties (Farmer, Christiansen & Monaghan, 2006;
Monaghan, Chater & Christiansen, 2005; Monaghan, Christiansen & Chater, 2007). Nouns, for instance,
tend to contain more syllables than verbs, open-class words are more likely to contain consonant
clusters compared to closed-class words (Monaghan et al., 2005), and verbs are more likely to contain
a fricative compared to nouns in Dutch (Monaghan et al.,, 2007). These studies thus show that
grammatical classes differ in their phonological properties. Furthermore, Monaghan et al. (2005)
conducted an artificial grammar learning experiment in adults to test the hypothesis that phonological
properties are used to categorize words. The authors conclude that this result and the results of the
infant-corpus studies suggest that infants might use phonological properties of words to make syntactic

categorizations. Hence, phonological difficulties may impact grammatical acquisition.
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2.3 Developmental language disorder

Children with a developmental language disorder (DLD, also known as SLI (Specific Language
Impairment)) have impairments in the development of their language production or production and
comprehension, although they do not have sensory, cognitive, or neurological deficits, or have suffered
from deprived language input (e.g. Brooks & Kempe, 2012; Verhoeven & van Balkom, 2004). Children
with DLD begin to talk later than TD children, and they produce fewer and less complex utterances. They
often show difficulties in all language domains, including auditory perception, phonology, morphology,
semantics, and syntax (Botting & Conti-Ramsden, 2004; Brooks & Kempe, 2012). Furthermore, it is
found that children with DLD also show difficulties in more general cognitive abilities, for example speed
of processing and working memory (Leonard et al., 2007).

Many preschool-aged children with DLD have impairments in both the phonological and
(morpho)syntactic domain (Tyler et al., 2002; Fey et al., 1994). Studies that examined the phonological
difficulties found, for instance, that toddlers with DLD have smaller consonant and vowel inventories
than TD toddlers (Rescorla & Ratner, 1996), that they have different (Marshall, Harris & van der Lely,
2003) or underspecified (Claessen & Leitdo, 2012; Criddle & Durkin, 2001; Maillart, Schelstraete &
Hupet, 2004) representations of syllables, and that they have poorer perceptual skills (Hearnshaw, Baker
& Munro, 2018; Cabbage, Hogan & Carrell, 2016). Studies that examined (morpho)syntactic difficulties
of children with DLD found that they have difficulties in producing (e.g. de Jong, 1999; Spoelman & Bol,
2012) and comprehending (Rice, Wexler & Redmond, 1999) subject-verb agreement, that they prefer
using simpler argument structures (de Jong, 1999; Spoelman & Bol, 2012), and that they have difficulties
in interpreting complex sentence structures, such as reversible passives (Bishop, Bright, James, Bishop
& van der Lely, 2000; van der Lely & Harris, 1990; Norbury, Bishop & Briscoe, 2002), and pronominal
reference (Bishop et al., 2000; van der Lely & Stollwerck, 1997). These syntactic studies examined
school-aged children, rather than toddlers, but they provide insight into the different syntactic

difficulties children with DLD can have.
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The diagnosis of DLD is based on exclusion criteria, and children with DLD therefore form a very
heterogeneous population (de Jong, 1999). Several subclassifications are made based on, for instance,
the type of impairments a child has, or on whether they show difficulties in language production or
comprehension. This latter subclassification divides children with DLD in children who show mostly
errors in production, i.e. ‘expressive DLD’, or in both production and comprehension, i.e. ‘receptive DLD’
(Leonard, 2009).

Dodd (as cited in Broomfield & Dodd, 2004, p. 137-138) made a subclassification of speech
impairments of children with DLD. This subclassification is based on the type of errors a child makes.
Dodd divided speech impairments into four subtypes; errors reflecting (1) phonological delay, (2)
consistent deviant phonological disorder, (3) inconsistent deviant phonological disorder, and (4) an
articulation disorder. Children who make errors that are typical errors for children of a younger age, are
classified as having a phonological delay. Children who have a consistent deviant phonological disorder
show errors reflecting the use of phonological rules that are not used in typical development, as well as
phonological rules that are used in typical development. The difference with subtype (3) is that children
with this latter type of impairment do not show the systematic use of rules, neither typical nor atypical
rules. So, children with an inconsistent deviant phonological disorder make various errors that reflect
an inconsistent phonological system. The last subtype is characterized by having difficulty in the
production of sounds. Note that this subclassification is only made for phonological errors of children
with DLD, but a similar subclassification could, probably, also be made for syntactic difficulties in these

children, although this does not yet exist.

2.4 Interactions between phonology and syntax in children with DLD

Different types of potential interactions between phonological and syntactic difficulties can be
distinguished. Top-down interactions would be effects of syntactic impairments on phonological
performance, whereas bottom-up interactions would be effects of phonological impairments on

syntactic performance. Based on the model proposed by Terband et al. (2016), interactions can be
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predicted in the process of speech perception (i.e. the receptive domain), and in the process of speech
production (i.e. the expressive domain). Furthermore, relations between syntactic and phonological
development could exist, which could be examined by, for instance, intervention studies, to see how
improvement in one domain could lead to improvement in the other domain. Such effects are also
known as ‘cross-domain effects’. This section briefly describes studies that examined these different

types of potential interactions.

2.4.1 Interactions between phonological and syntactic difficulties

Several studies examined how phonological properties of words or morphemes affect their syntactic
production. Tyler (2002), for instance, points out that if a child cannot produce consonants or consonant
clusters in final position, this affects verb inflection as well. Furthermore, multiple studies found other
effects of phonology on verb inflection. For example, Blom, Vasic, and de Jong (2014) examined the
production and processing of subject-verb agreement in Dutch children with DLD, aged between six and
eight. They found that children with DLD omitted agreement inflection more often after plosives than
after fricatives. Similar results were found by Rispens and Been (2007).

Leonard, Davis, and Deevy (2007) examined the influence of phonotactic probability on the
production of past tense inflection in novel words in English children with DLD. Phonotactic probability
was defined as ‘the frequency with which the adjacent phonemes of the novel word appear together in
actual words of the language’ (p. 749), in which ‘the language’ refers to English. The authors presented
novel verb stems, with either high or low phonotactic probability, to children and created a context in
which the children had to produce these verb forms with the past inflection -ed. They found that
children with DLD produced the English past tense inflection -ed less often in words with low
phonotactic probability. Another study that examined phonological effects on syntactic inflection is a
study by Montgomery and Leonard (1998). They found that children with DLD have more difficulty in

processing ‘low-phonetic substance inflections’, including the English third person singular inflection
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morpheme, compared to ‘higher-phonetic substance inflections’. These studies indicate that phonology
influences the production and processing of verb inflection in children with DLD.

Gallon, Harris and van der Lely (2007) examined the influence of phonological complexity on
the performance on a non-word repetition task in children and adolescents with DLD, aged between 12
and 20 years. These children (and adolescents) had syntactic and morphological impairments, but they
did not have any speech or articulation difficulties. The authors found that the performance on the
repetition task was correlated with the phonological complexity, indicated by syllable structure and
prosodic structure, of the non-words in children with DLD. In other words, they performed poorer on
phonological more complex words, while the performance of TD children, who were matched for
language ability, was not correlated with phonological complexity. This finding shows that even though
the children with DLD were diagnosed as having mainly syntactic impairments, they still have some
phonological difficulties as well.

So, it seems that phonological properties of words and phonological abilities of children with
DLD play a role in their syntactic performance, indicating the existence of bottom-up interactions.
Furthermore, it seems that syntactic impairments also affect phonological performance, which suggests
the existence of top-down interactions. All interactions found by the studies discussed in this section

were interactions within the expressive language domain.

2.4.2 Cross-domain effects in intervention studies

Fey and colleagues (1994) hypothesized that a cross-domain effect between phonology and syntax
could appear, because phonological and syntactic difficulties often co-occur in children with DLD.
Moreover, they suggested that if these difficulties are related, providing training on a higher language
level, i.e. syntax, could result in better performance on a lower language level, i.e. phonology as well.
Therefore, they examined whether a grammar intervention for children with DLD, aged between 4;6
and 5;8, could lead to indirect positive effects on their phonological production. The interventions were

based on four individual goals and the target forms were, for example, specific copula to express tense
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and number, pronouns (i.e. he/she, he/him), and expressing negotiation (i.e. don’t, won’t). The
percentage consonants correct (PCC) was used as phonological production development index. The
results indicated strong effects of the intervention on the grammatical skills of the children. However,
the authors did not find facilitative effects of grammar interventions on the phonological development
of children with DLD.

Feehan, Francis, Bernhardt, and Colozzo (2015) conducted a phonological and morphosyntactic
intervention in two 6-year-olds with DLD. The children differed in whether they received first the
phonological or the morphosyntactic intervention. During the phonological intervention, the focus was
on the maintenance of weak syllables, word-initial /s/-clusters, and the production of clusters. The goals
of the morphosyntactic intervention differed between the children, but consisted, for instance, of the
argument structure of simple transitive sentences, the copula is, and the modals can and can’t. The
authors found that both children improved on the targeted domain after the corresponding
intervention. They did not find specific cross-domain effects in global measures (e.g. total utterances,
MLU, correctly pronounced words), although it could be that these measures were not sensitive enough
to detect such effects. Therefore, the authors point out that their study ‘can neither confirm nor refute
the presence of specific indirect effects’ (p. 67), although their results seem to be in agreement with
the results found by Fey et al. (1994).

Contrastively, Tyler et al. (2002) did find an effect of morphosyntactic intervention on the
phonological skills of children with DLD. They provided an intervention to pre-school-aged children who
had deficits in both morphosyntax and phonology. The children were divided into two groups, differing
in whether they started with a phonological intervention or with a morphosyntactic intervention. The
children received interventions that were based on four of their own goals in morphosyntax and
phonology, as was the case in the study by Fey et al. (1994). During the morphosyntactic intervention,
the focus was often on finite verbs, including auxiliaries and regular and irregular past tense. During the
phonological intervention, specific sounds or clusters were targeted. Tyler and colleagues found that

the morphosyntactic intervention lead to improvement in the phonological abilities, measured by the
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PCC, of the children, compared to a control group who did not receive intervention. However, the
opposite was not found; the phonological intervention did not lead to improvement in the
morphosyntactic abilities of the children. There was no effect of the order in which the interventions
were given.

Tyler and Sandoval (1994) also studied whether interventions in different domains could lead
to cross-domain effects. They examined the effects of a phonological intervention, a language-based
intervention focusing on morphosyntax, and an intervention that was focused on both of these domains.
Six pre-schoolers participated in their study, and were divided over the three intervention types. So,
each intervention was tested on two children. The authors found that the language-based intervention
did not lead to improvement in phonological abilities. The children who received phonological training,
however, improved in their morphosyntactic performance. The children who received the intervention
that focused on both morphosyntax and phonology also improved in both domains. This is the opposite
result of the study by Tyler et al. (2002). However, because of the low number of participants per
intervention type, the effects of the study by Tyler and Sandoval should be interpreted with caution.

To sum up, the studies described in this section differ in whether, and if so which, cross-domain
effects of morphosyntactic and phonological interventions were found. The studies were all about the
effects of treating phonological production on morphosyntactic production, and vice versa. No studies
have been found that examined receptive cross-domain effects in (morpho)syntax and phonology.
However, these studies seem to imply that there exist at least some interactions between the
development of phonology and syntax. The next section contains several theories about the cause of
DLD, which predict different interactions between phonological and syntactic abilities of children with
DLD. The difficulties and intervention effects described in the previous and current sections are used to

discuss these theories.
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2.5 Theories about the relation between phonological and syntactic difficulties

2.5.1 Bucket theory

Crystal (1987) proposed a ‘Bucket’ theory of language impairment, in which interactions between
different linguistic levels play a central role. Crystal used a bucket as analogy for language acquisition; a
bucket grows during language development and is filled with ‘linguistic water’. In children with DLD,
however, the bucket contains holes, leading to the overflow of some water that was already in it when
more water comes in. So, for example, ‘an extra drop of phonology may cause the overflow of a drop of
syntax’ (p.20), leading to poorer syntactic performance. In other words, this model predicts a trade-off
between different language capacities in children with DLD; when one domain develops, there are fewer
resources left for other domain(s), resulting in a decrease or stagnation in performance in these
domains.

Crystal (1987) conducted a case-study of a boy with a language impairment to provide evidence
for his model. He found four interactions between different domains; interactions between (1) syntax
and non-segmental phonology, specified as ‘features of rhythm, intonation, and pause’ (p. 17), (2)
segmental phonology and syntax/semantics, (3) syntax and semantics, and (4) discourse and all other
linguistic levels. Interaction (1) was characterized by less fluency in more complex utterances. The
second interaction was shown by the fact that the more difficult utterances were used by the child, the
more unintelligible was the production of their sounds, words, and phrases. The interaction between
syntax and semantics held that in syntactically more complex utterances, the semantic information was
reduced compared to syntactically less complex utterances. Interaction (4) was about the effect of
discourse on all other linguistic levels, indicated by poor narrative skills.

The Bucket theory does not make the same prediction as the model by Terband et al. (2016).
This model predicts that if one language process is deficient, neighbouring processes are affected in a
negative manner as well. The Bucket theory, on the other hand, predicts that if a child with DLD becomes
better in one linguistic domain, their performance in other linguistic processes stagnates or decreases.

So, this theory predicts a trade-off between different linguistic processes, whereas the model by
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Terband and colleagues predicts a positive correlation between different linguistic processes. However,
the first two interactions proposed by Crystal (1987) could be explained by the model by Terband et al,,
because when the phonological decoding process receives more complex input (i.e. a complex
grammatical structure), it is more likely to make errors, resulting in less fluent and more unintelligible
utterances.

The Bucket theory cannot explain the interactions found in phonological and syntactic abilities
of children with DLD, as were shown in Section 2.3.4. Additionally, this theory cannot explain why some
intervention studies found positive cross-domain effects (Tyler et al., 2002; Tyler & Sandoval, 1994). It
could be, however, that the children in the studies that did not find cross-domain effects would have
shown negative effects in a linguistic domain that was not tested, such as semantics. This would fit the
second interaction found by Crystal (1987), but this is not verifiable. Thus, the Bucket theory is not in

line with the studies that were discussed in the previous sections.

2.5.2 Cascading theories
Cascading theories on DLD are theories that place the impairment of children with DLD in one language
process/module and argue that this impairment results in difficulties in other language processes as
well. These theories are in line with the model by Terband et al. (2016), that posits that impairments in
one module lead to impairments in adjacent modules. However, Terband et al. do not make suggestions
where the deficit of children with DLD originates, because their research is more about children with
speech disorders, not with (speech and) language disorders. The current section describes two
cascading theories on DLD; DLD as a phonological deficit, located in the phonological decoding process,
and DLD as an auditory deficit, located in the auditory processing and memory module. Both theories
thus locate the deficit in the speech perception process. There exist, however, other cascading theories
on DLD as well, in which the deficits are located in other modules.

Chiat (2001) suggests that the impairments of children with DLD are caused by a phonological

deficit. In typical development, children can rely on multiple cues to segment words from continuous
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speech, as is explained in Section 2.2.1. Furthermore, the context in which the utterance is produced
can also be used to discover new words, guided by joint attention (Brooks & Kempe, 2012). For some
words, including verbs, function words, and grammatical morphemes, context cannot be easily used to
discover their meaning. Instead, one must detect the phonological form of such a word in different
contexts and notice when this word can be used in order to discover its meaning. So, when semantic
information is not available, children can, according to Chiat, only rely on phonological cues. However,
when phonological processing is impaired, it is difficult to detect and form stable phonological
representations. This, in turn, makes it very hard to discover the meaning of such “not observable”
words or morphemes. For example, to discover the English past tense marker -ed, a child must first
notice this morpheme in different verbs to find out that it is used for past tense.

Chiat (2001) suggests that children with DLD are impaired in their access to the details of
phonological structures, especially rhythmic information, that are necessary for forming stable
representations of lexical words and syntactic structures. The phonological details are ‘unavailable or
unstable in the child’s perception, storage, and/or retrieval’ (p. 124). So, this phonological theory of DLD
proposes that language deficits, especially morphosyntactic deficits, are caused by a phonological
impairment, leading to unstable lexical or syntactic representations. This theory thus predicts that
children with DLD have difficulty in verb inflection, which is also found by, among others, de Jong (1999)
and Spoelman and Bol (2012), see Section 2.3.3. The hypothesis by Marshall et al. (2003) that children
with DLD have unstable and underspecified representations of syllables also fits this theory.

In the model by Terband et al. (2016), this deficit of children with DLD is located in the
phonological decoding module, because Chiat (2001) suggests that children with DLD have difficulty in
detecting and forming stable phonological representations. The output of the phonological decoding
module is impaired, and, therefore, the grammatical decoding module receives impaired input as well.
This causes difficulty in detecting the grammatical structures of words in the speech input. Furthermore,
stable representations of words are needed to form stable lemmas in the mental lexicon. This would

thus mean that children with DLD have unstable representations of words. Because of the problems
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with grammatical decoding, the lemmas in the mental lexicon neither contain stable grammatical
structures. This, in turn, affects grammatical encoding, because these words and their structures are
needed to build a sentence structure. The words that are selected by the grammatical encoding module,
are the input for phonological encoding. However, because of its impaired input and because of the
unstable representations in the mental lexicon, difficulty in selecting the correct sounds and in ordering
them are predicted as well. This model thus shows that an impairment in phonological decoding can
indeed lead to grammatical and phonological errors in the perception and production of sentences.
Furthermore, using this model, Chiat’s theory can also explain the positive effect of phonological
intervention on morphosyntactic performance that was found by Tyler and Sandoval (1994). However,
this theory would not predict that a morphosyntactic intervention could lead to better phonological
performance, as was found by Tyler et al. (2002).

Joanisse and Seidenberg (1998) propose that the grammatical deficit of children with DLD is
caused by a deficit in their auditory processing. According to them, a perceptual deficit leads to
phonological difficulties, because one must perceive all sounds in order to build correct phonological
representations. This, in turn, leads to problems in morphology and syntax. This auditory deficit has the
greatest effect on less perceptually salient morpho-syntactic elements, such as tense and agreement
marking. Agreement marking errors were indeed found by de Jong (1999) and Spoelman and Bol (2012).
However, this theory cannot explain why Rice et al. (1999) found that children with DLD are sensitive to
incorrect subject-verb agreements.

According to Joanisse and Seidenberg (2003), poor phonological abilities can also lead to
difficulties in sentence comprehension, because sentences are stored in a phonological form in working
memory during sentence processing. Because of their phonological impairment, children with SLI have
less working memory left for syntactic processing, which leads to poorer syntactic comprehension. To
test this potential link between speech perception, phonology, and syntactic comprehension, Joanisse
and Seidenberg performed two connectionist simulation models. One model simulated typical

development, whereas the other simulated impaired language development. The models were trained
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to learn the binding between pronouns and reflexives to their antecedents. The phonological input in
the impaired model contained noise, reflecting a speech processing deficit, which made it more difficult
for the model to develop correct phonological representations. The results indicated that both models
were able to detect grammatical and ungrammatical sentences, although the impaired model did not
learn the binding rules as well as the unimpaired model. Furthermore, the authors found that the
impaired model performed more poorly in resolving pronouns and reflexives. However, in sentences in
which the context could be used to know the antecedent of the pronoun (for instance, using gender
information in She saw him in the mirror), the impaired model performed well. Since these results are
consistent with behavioural data of children with DLD, the results thus suggest that an auditory
processing deficit can lead to syntactic impairments.

In the model by Terband et al. (2016), the deficit proposed by Joanisse and Seidenberg (1998)
lies in the auditory processing and memory module. Because phonological decoding uses the output of
the auditory processing module, it is more difficult to form stable representations of the words and
morphemes in incoming speech. Hence, this can lead to impairments in the grammatical encoding,
grammatical decoding, phonological decoding, and the mental lexicon modules. An auditory processing
deficit can, thus, lead to difficulties in phonological and syntactic abilities of children with DLD, leading
to production as well as comprehension errors. Like the phonological deficit by Chiat (2001), this theory
can explain the positive cross-domain effects of a phonological intervention on morphosyntactic
performance (Tyler & Sandoval, 1994), but not the positive effects of a morphosyntactic intervention

on phonological performance (Tyler et al., 2002).

2.5.3 Grammatical deficit theories

A grammatical explanation for DLD is the Extended Optional Infinitive hypothesis by Rice, Wexler and
Cleave (1996). They point out that all TD children go through an optional infinitive stage, as was
mentioned in Section 2.2.4. In this stage, children sometimes produce sentences containing a correct

finite verb, but they also produce incorrect infinite verbs. The Extended Optional Infinitive (EOI)
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hypothesis holds that children with DLD go through the same optional infinitive stage, but they stay in
this stage for a longer period of time. This means that children with DLD allow both sentences with finite
and infinite verbs, resulting in errors in tense and agreement. Rice and colleagues found, indeed, that
children with DLD produce fewer finite lexical verbs compared to TD children with a similar mean length
of utterance (MLU), but they do use the correct forms of the auxiliaries ‘be” and ‘do’. They explain this
finding by suggesting that these auxiliaries do not carry other meaning than tense and agreement
features. This shows, according to the authors, that children with DLD do have some knowledge of tense
and subject-verb agreement, but they do not know that it is obligatory.

In the speech production and perception model by Terband et al. (2016), the grammatical deficit
proposed by Rice et al. (1996) is located in the grammatical encoding module. They suggest, however,
that this grammatical deficit does not influence neighbouring processes, because the deficit regards
only grammatical encoding. Therefore, this theory cannot explain why children with DLD also show
difficulties in other domains than syntax, such as phonology. Furthermore, it cannot explain the
interactions found between syntactic and phonological abilities of children with DLD, and the positive

cross-domain effects found by the described intervention studies.

2.5.4 Implicit learning deficit hypotheses

Another potential explanation for DLD is that it is caused by an implicit learning deficit. Ullman and
Pierpont (2005) suggested that children with DLD have a procedural learning deficit, which is known as
the Procedural Deficit Hypothesis (PDH). Ullman and Pierpont based their hypothesis on abnormalities
in brain structures, especially those involved in procedural learning, in children with DLD. These
abnormalities lead to implicit learning difficulties, resulting in linguistic as well as non-linguistic
problems. The procedural memory system is used for implicitly learning patterns and using ‘rule-
governed computations’, and, therefore, plays an important role in the acquisition of grammatical
structures, including syntactic, morphological, and phonological structures (Ullman & Pierpont, 2005).

For learning, storing, and retrieving facts and events, the declarative memory system is used. Declarative
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learning is, according to Ullman and Pierpont, particularly involved in learning the meaning of words.
So, they organized the learning of grammar and the learning of word meanings into two learning
systems; procedural learning and declarative learning respectively. This would suggest that children with
DLD have a deficit in learning grammatical rules, but not in vocabulary learning. It is important to note,
however, that they can still have difficulty in learning word forms (Evans, Saffran & Robe-Torres, 2009).

A type of implicit learning that is particularly important in language acquisition is statistical
learning (e.g. Erickson & Thiessen, 2015; Romberg & Saffran, 2010; Wijnen, 2013). Statistical learning is
the ability to detect structures and patterns in input, based on distributional properties of items and the
distribution of the co-occurrence of items (Romberg & Saffran, 2010). Research showed that statistical
learning can be used in phoneme categorization (Maye, Werker & Gerken, 2002), word segmentation
(Saffran et al., 1996), word-referent association (Graf Estes, Evans, Alibali & Saffran, 2007), and
grammatical categorization (Mintz, 2003). These processes are part of, or involved in phonology and/or
syntax, and it is thus likely that the acquisition of phonological and syntactic structures rely both on a
statistical learning mechanism (Wijnen, 2013).

In a meta-analysis of statistical learning in the auditory domain in individuals with and without
DLD by Lammertink, Boersma, Wijnen, and Rispens (2017), it was found that individuals with DLD have
significantly poorer statistical learning skills than TD individuals. Furthermore, they found no difference
between statistical learning abilities in grammar learning studies and word segmentation studies.
However, Lammertink and colleagues also pointed out that this null-result could have been caused by
‘their relatively small number of studies in their sample’ (p. 3483).

In the model by Terband et al. (2016), an implicit learning deficit cannot be placed in one specific
module. Instead, it plays a role in the development of grammatical and phonological encoding and
decoding processes, because all these processes make use of rules, patterns, and structures. So, if
children have an impairment in their procedural memory, the development of all these linguistic
processes is affected. Implicit learning theories could therefore explain the phonological as well as the

syntactic difficulties found in children with DLD. Additionally, these theories predict that the difficulties
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in phonology and syntax are related, because they are both caused by the same underlying deficit.
Different hypotheses can be formulated about cross-domain effects of intervention studies. On the one
hand, it could be predicted that an intervention in syntax or phonology leads to positive effects in the
other domain as well, because the intervention might lead to improvement in their statistical learning
skills, which may result in better performance in both domains. This would be in line with the findings
by Tyler et al. (2002) and Tyler and Sandoval (1994). On the other hand, it is possible that children with
DLD need more input to detect patterns and structures than TD children. Therefore, implicit learning
theories would predict that a phonological intervention does not lead to improvement in syntax,
because the extra input that the children receive includes (almost) only phonological structures at the
word level, and thus no syntactic structures. This would be supported by the findings by Feehan et al.
(2015) and Tyler et al. (2002). However, a syntactic intervention could lead to positive effects on the
phonological performance of children with DLD, because syntactic input always includes words that
consist of syllables and sounds, and thus include phonological structures as well. This would be

supported by the findings of Tyler et al. (2002), but contradicted by the findings of Fey et al. (1994).

2.5.5 Summary

The different theories on DLD make different predictions about potential relations in DLD. The Bucket
theory predicts that better performance in the phonological or syntactic domain is related to poorer or
stagnated performance in the syntactic or phonological domain respectively. Cascading theories locate
the cause of DLD in different, specific, modules involved in speech production and perception. They
predict relations between phonological and syntactic performance of children with DLD, because a
deficit in one (phonological) module leads to impairments in subsequent (syntactic) modules. The
grammatical theory only predicts difficulties in syntax, but not in phonology. Therefore, it does not
predict relations between phonological and syntactic performance of children with DLD. Finally, implicit

learning theories suggest that the language deficits of children with DLD are caused by an underlying
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impairment in detecting and learning structures. Because both phonology and syntax rely on structures,
these theories predict difficulties in both domains to be related.

Some predictions are in line with the difficulties of children with DLD found by studies that were
discussed in the previous sections. However, none of the theories can account for all results found by
studies that examined interactions between phonological and syntactic difficulties. Because the theories
make different predictions about the analyses conducted in the current study, the results can be used

to differentiate the theories from each other.
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3. Current study

In previous sections, potential relations between phonological and syntactic abilities of children with
and without DLD were described. The most obvious similarity between phonological and syntactic
development is that both require detecting and acquiring patterns and structures; either of sounds and
word forms, or of sentences. In children with DLD, deficits in phonology and syntax often co-occur (Fey
et al. 1994), and several relations across these domains are found. For instance, it is found that
phonological properties of words or morphemes play a role in the syntactic production of verbs in
children with DLD, for instance in subject-verb agreement (Blom et al., 2014; Rispens & Been, 2007),
and in past tense inflection (Leonard et al., 2007). Additionally, syntactic impairments can affect
phonological skills (Gallon et al.,, 2007). These studies seem to suggest that the phonological and
syntactic abilities of children with DLD are associated in top-down (syntactic impairments affect
phonological performance) as well as bottom-up (phonological impairments affect syntactic
performance) manners. However, studies that examined cross-domain effects of interventions found
mixed results. Some studies did not find cross-domain effects (Feehan et al., 2015; Fey et al., 1994),
while other studies did find positive cross-domain effects (Tyler et al., 2002; Tyler & Sandoval, 1994).
These latter studies differed in the direction of the effects they found; Tyler et al. found positive effects
of a syntactic intervention on phonological performance, but not in the opposite direction, while Tyler
and Sandoval found positive effects of a phonological intervention on syntactic performance, but not in
the opposite direction. It is far from clear how the syntactic and phonological abilities of children with
DLD are related. Additionally, most studies were about expressive phonological and syntactic skills, so
relations between receptive abilities are not yet fully understood either. The aim of the current study is
to explore the relation between expressive and receptive phonological and syntactic abilities of toddlers
with DLD. This study examines these relations at concurrent time points, and between these time points
to see whether potential improvements in these domains are associated. In other words, this study

examines concurrent and longitudinal relations in phonological and syntactic development.
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Based on the language processing model by Terband et al. (2016), it is argued that even if the
deficit is located in one process, it can also affect other processes. This effect is also hypothesized by
cascading theories on DLD (e.g. Chiat, 2001; Joanisse & Seidenberg, 1998), because a problem in one
process results in deficient output, which is in turn also deficient input for the next process. These
theories predict, therefore, that children with DLD have difficulties in phonology as well as in syntax.
The same can be said about hypotheses that relate DLD to a deficit in implicit learning (e.g. Evans et al.,
2009; Ullman & Pierpont, 2005), although in this case the problem is not located in one specific process,
but rather in an underlying process that is used for detecting and learning patterns, structures, and
rules. A deficit in this mechanism affects both phonology and syntax, because these domains both
involve patterns and structures. The Bucket theory (Crystal, 1987), on the other hand, predicts a trade-
off between different linguistic domains; better performance in phonology could result in a decrease or
stagnation in syntax, and vice versa. So, this theory predicts that children with DLD do not improve in
multiple linguistic domains at the same time, which is thus in direct opposition with the model by
Terband and colleagues (2016). Finally, the grammatical deficit theory by Rice et al. (1996) only predicts
difficulties in grammatical language processes, and therefore no links between phonological and
syntactic impairments. To sum up, all these different theories, except the purely grammatical theory by
Rice et al., predict relations between the phonological and syntactic abilities of children with DLD.
However, the previous sections also made clear that none of the theories can account for all results
found by studies that examined interactions between phonological and syntactic difficulties. Moreover,
the findings of these studies, especially the findings of intervention studies, are inconsistent. Therefore,
it is not clear if and how the phonological and grammatical difficulties of children with DLD are related,
and which theory could explain potential interactions best.

The main research question of the present study is whether, and if so how, expressive and
receptive phonological and syntactic abilities of toddlers with DLD are related. As expressive
phonological development index, the PMLU (Phonological Mean Length of Utterance) is used, which

provides an indication of the phonological length and correctness of utterances produced by a child. As
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receptive phonological development index, scores on a perceptual minimal pair task (MPT) are used,
which indicate the perceptual auditory discrimination skills of a child. As expressive and receptive
syntactic indexes, scores on the Schlichting test are used. This test is designed to monitor the syntactic
development of young Dutch children (Schlichting & Lutje Spelberg, 2003). The specific research

questions are:

1. Are the PMLU and score on the MPT of toddlers with DLD related to their syntactic
comprehension and production scores on the Schlichting test at measurement 1°?

2. Are the PMLU and score on the MPT of toddlers with DLD related to their syntactic
comprehension and production scores on the Schlichting test at measurement 2 (five
months after measurement 1)?

3. Do toddlers with DLD improve in their phonological and syntactic abilities, and if so, are
these improvements related?

4. Do toddlers diagnosed with an inconsistent deviant phonological disorder and toddlers
diagnosed with a delayed or consistent phonological disorder differ in their scores on

syntactic comprehension and production?

The first two questions examine whether the phonological production abilities of toddlers with
DLD are related to their syntactic abilities at concurrent time points. The third research question
pertains to a longitudinal relation between phonology and syntax; it is examined whether toddlers who
improve in their phonological performance also improve in their syntactic performance, and vice versa.
Finally, the fourth question is about how different phonological diagnoses could relate to differences in
syntactic development. This is interesting to consider, because it is suggested that children with an
inconsistent phonological diagnosis do not have a phonological rule system, while children with a

consistent or delayed phonological diagnoses do have such a system, although this is an incorrect or
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immature system. This last question thus explores how different phonological systems could affect
syntactic comprehension and production.

Based on the different theories on DLD, different predictions can be formulated. Regarding the
first two research questions, the Bucket theory predicts that toddlers who have a higher PMLU/ MPT
score, score lower on the Schlichting test, and vice versa. The cascading theories predict that lower
PMLUs/MPT scores are related to lower scores on the Schlichting test, and higher PMLUs/MPT scores
are related to higher scores on the Schlichting test. Furthermore, these theories predict higher
correlations within the expressive domain (i.e. PMLU and syntactic production) and within the receptive
domain (i.e. MPT and syntactic comprehension) than across these domains, because the expressive skills
are part of the process of speech production, while the receptive skills are part of the process of speech
perception. Finally, the implicit learning theories hypothesize that children with DLD perform poorly in
both phonology and syntax. So, these theories predict low PMLUs and MPT scores and low scores on
the Schlichting test for all toddlers. However, children can differ in the severity of their statistical
learning deficit, so these theories also predict that higher PMLUs/MPT scores are related to lower scores
on