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General introduction

“Perception is of definite and probable things.”

(James, 1890, p. 82)

Communication is a continuous process in which mutual understanding must be reached
to be called ‘effective’. On the recipient’s side of a spoken interaction, hearing impairment
affects understanding and this may lead to communication breakdowns. If a breakdown is
detected by the hearing-impaired recipient and/or their partner in conversation, various
strategies can be used by both parties to either repair the interaction (e.g., Hallam & Corney,
2014) or to restrict the effect of the comprehension glitch on the unfolding conversation by
concealing the problem (Skelt, 2007). Thus, uncertainties about the correct perception of
spoken language by the hearing-impaired recipient enter the interaction, thereby influencing
conversational fluency. Hearing impairment may also affect the sender’s side of the interaction:
when congenital hearing impairment (CHI), i.e., hearing impairment from birth, has affected
the acquisition of a spoken language, a hearing-impaired person may use linguistic forms that
deviate from the norm (chapters 2 and 5 of this thesis). Despite the fact that language allows
for variance in its use that is considered normal, deviations can be perceived as ‘errors’ by a
conversational partner. According to the Language Expectancy Theory (Burgoon & Miller, 1985),
the use of language that conflicts with societal expectancies may affect the persuasiveness
of the communication. So, because CHI may have an impact on both sides of the interaction,
the communication partner of a hearing-impaired person is likely to experience an interaction
that does not evolve in a standard manner. In this thesis, we explore the consequences of
moderate to severe CHI that may impact adults’ daily communication by examining their use
of linguistic knowledge in language production and language reception. The studies focus on
the deployment of morphosyntactic knowledge, as the area of morphosyntax is known to be
specifically vulnerable when an oral language is acquired with degraded auditory input (e.g.,
Tomblin et al., 2015). Firstly, in the domain of language production, we examine whether adults
who were born with moderate to severe hearing loss have problems with the correct use of
morphosyntactic markers, as is observed in children with CHI (e.g., Hammer, 2010). Secondly,
we examine whether the consequences of CHI on the acquisition of morphosyntax result in
an impediment in the top-down use of morphosyntactic cues in language reception. To our
knowledge, the studies in this thesis are the first to examine this latter possible consequence
of CHI. Lastly, we extend the scope of our research by examining the relative contribution
of bottom-up auditory abilities and top-down use of linguistic resources to auditory speech
recognition in hearing-impaired individuals.
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Chapter 1

The acquisition of language in children

When examining the long-term consequences of moderate to severe CHI on the linguistic
abilities of adults, the focus of research is based on the available knowledge of how children
acquire an oral language and how hearing loss affects this acquisition. For children acquiring a
language, either an oral or a sign language, access to linguistic input is essential (Davidson et al.,
2014). Within the context of this thesis, we focus on the role of auditory perception in language
acquisition of an oral language.

Normal-hearing children start perceiving the language that is spoken in their environment
when the auditory system becomes functional, at 25 to 29 weeks of gestation (Graven &
Browne, 2008). This allows an early start of processing of auditory information, a process
that continues after birth. Children learn to segment a continuous speech stream into
words, based on their increasing abilities to discriminate between phonemes of the native
language (Bertoncini & Cabrera, 2014). These abilities reflect development in the linguistic
area of phonology. In addition, children segment the linguistic input by using prosodic stress
cues (Johnson & Jusczyk, 2001) and statistical cues (Saffran et al., 1996). By combining verbal,
nonverbal, and contextual information during meaningful interactions with people in their
environment, children link words to referents in the real-world context. The development of
word meaning, i.e., the linguistic area of semantics, and the building of a lexicon are hereby set
off. Based on the linguistic input they perceive, combined with information from the context,
children must induce the productive rules that allow users of the language to generate an
infinite set of new sentences. In other words, children have to decode the morphosyntax of the
language: structures within words (morphology) are discovered, as well as structures within
sentences, between words or constituents (syntax). For the acquisition of morphosyntax,
language learning processes are used based on statistics (i.e., on frequency and distribution
of elements in a language) and grammatical processes (e.g., learning and deploying rules),
though the boundary between these two learning mechanisms is not clear-cut (Saffran, 2003;
Seidenberg et al., 2002). Lastly, when children discover the rules for appropriate and effective
use of language, i.e., knowledge in the area of pragmatics (Ninio & Snow, 1996), all linguistic
areas are covered. As language acquisition involves the discovering of regularities in the input,
consistency in the input and in the perception of these regularities is a key factor. In the next
paragraph, we discuss how hearing impairment affects this prerequisite for acquisition of an
oral language.

The influence of congenital hearing impairment on the acquisition of an oral
language

Studies on the outcomes of newborn hearing screening programs report a prevalence of
moderate to profound bilateral hearing loss of around 1 per thousand (Wood et al., 2015;
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General introduction

Van der Ploeg et al.,, 2012). In more than 70% of the newborns identified with bilateral
hearing impairment, hearing loss is caused by a problem in the inner ear or beyond, thereby
categorized as sensorineural hearing impairment. In the rest of the children, bilateral hearing
impairment is conductive, i.e., caused by a problem in the outer or middle ear, or mixed in
nature (Davis & Davis, 2016). All types of hearing impairment affect the audibility of auditory
signals, while speech recognition is additionally hindered by suprathreshold distortions when
hearing impairment is sensorineural (Plomp, 1986). Though conductive or mixed hearing
impairment also may affect language acquisition in children, the studies in this thesis focus on
the consequences of bilateral sensorineural hearing impairment on linguistic abilities.

For children who are born with a hearing impairment, access to linguistic input is less evident
than for normal-hearing children. When discussing spoken language acquisition in children
with CHI, a distinction is made between input and uptake (Harris, 1993; Moeller & Tomblin,
2015). Input represents all the speech that is directed to or spoken in the environment of
the child, while uptake is the language that has actually been perceived and processed, and
hence can be used in grammar-building'. Congenital hearing impairment has a clear effect on
the uptake of spoken language: hearing loss induces a significant reduction of the audibility
of the speech signal and may also cause a degradation of its fine details. The use of hearing
aids or a cochlear implant decreases these effects, but does not neutralize them (Coene et al.,
2010; Stelmachowicz et al., 2001). Thus, the uptake of language in children with CHI is based
on degraded auditory perception of the speech signal. Besides this direct effect of CHI on the
perception of spoken language, hearing loss exerts an indirect influence on the probability
that linguistic input leads to uptake (Moeller & Tomblin, 2015). Children with hearing loss
have greater difficulty recognizing speech in noisy conditions than normal-hearing children
(Caldwell & Nittrouer, 2013), so a smaller part of the available linguistic input is accessible to
them. Thus, CHI affects the uptake of available linguistic input due to a reduction in the quality
of the acoustic signal and a reduction in the amount of input that is accessible. The linguistic
input, on the other hand, may also be affected when a child has a hearing loss. Parents may
offer their hearing-impaired child less complex input than is offered to normal-hearing peers
(Ambrose et al., 2015; Gallaway et al., 1990; Nittrouer, 2010). This may reduce the language
learning opportunities of the hearing-impaired child. Though the adaptations in the input
could be well adjusted to the language level of the child (Gallaway et al., 1990), it is yet unclear
whether this facilitates or hinders language development in the long term (Ambrose et al.,
2015).

The impact of CHI on the input and uptake of spoken language forms the root of the
‘inconsistent access account’ (Moeller & Tomblin, 2015), which states that CHI children’s
limitations in the access to and the perception of linguistic input decrease their instantaneous

1 Inchapter 2, based on an article by Kumaravadivelu (1994), the term‘intake’is used for what is defined as
‘uptake’in this introduction.
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Chapter 1

uptake of language. Over time, hearing-impaired children’s cumulative language experience
is thereby reduced. Following the inconsistent access account, the consequences of CHI for
the linguistic abilities of an individual depend on factors that define the extent to which the
access is affected. One factor perturbing the consistency of the linguistic access is the degree
of severity of the hearing impairment, categorized as mild (hearing thresholds between 20
and 40 dB HL), moderate (between 40 and 70 dB HL), severe (between 70 and 95 dB HL), and
profound (over 95 dB HL) (European Group on Genetics of Hearing Impairment, 1996). Hearing
impairment affects people’s hearing acuity, but it also affects the quality of the perceived
auditory signals via supra-threshold effects (Moore, 1995). The relationship between degree
of hearing impairment and a child’s linguistic abilities is shown to be significantly moderated
by the effectiveness of rehabilitation services: aided audibility, hearing aid use (age at fitting,
duration, and consistency of use), and characteristics of the caregiver input influence the
linguistic outcomes to a considerable extent (Moeller & Tomblin, 2015; Tomblin et al., 2015). This
latter finding supports the inconsistent access account and yields more insight in which factors
impose a risk and which factors provide protection for CHI-induced language delays.

In studies examining linguistic outcomes in children with various degrees of hearing
impairment, the areas of phonology, lexicon, and pragmatics are shown to be at risk (see
Moeller et al., 2007, for an overview). The linguistic area of morphosyntax, however, appears to
be most vulnerable when oral language is acquired with degraded auditory input (Elfenbein
et al., 1994; Hammer, 2010; McGuckian & Henry, 2007; Norbury et al., 2001; Tomblin et al., 2015).
Specifically, morphosyntactic markers that are perceptually subtle, i.e., low in perceptual
salience, are vulnerable when acquired with impaired hearing (Svirsky et al., 2002). Additionally,
in general, the relative complexity of the linguistic computation that is needed to derive specific
morphosyntactic constructionsis relevant and may overrule the influence of perceptual salience
(Tuller & Delage, 2014). Despite the fact that various factors interact to moderate the relationship
between childhood hearing impairment and language outcomes (Moeller & Tomblin, 2015),
data of a study in adolescents with mild to moderate CHI (Delage & Tuller, 2007) suggested
that the degree of CHI is a source of inter-individual variation in linguistic abilities that surfaces
at an age beyond the developmental stage. This suggestion followed the observation that
variance in the linguistic abilities of adolescents (aged 11 to 15) was related to the severity of the
adolescents’ hearing impairment, while age did not exert an influence on the outcomes in this
group (Delage & Tuller, 2007). This pattern in factors underlying the performance of adolescents
was opposite to the pattern underlying performance in younger children with CHI, where age
was a determining factor in the variation (Davis et al., 1986; Gilbertson & Kamhi, 1995; Hansson
et al,, 2004; Norbury et al., 2001; Stelmachowicz et al., 2004). Thus, it seems that in mature
language users, i.e., at an age at which normal variation in developmental rhythm no longer
exerts an influence on linguistic abilities, the specific impact of perceptual limitations during
language acquisition is more distinct. Therefore, the studies in this thesis examine the linguistic
performance of adults who were born with a bilateral moderate to severe sensorineural hearing
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General introduction

loss and who acquired their oral language while using hearing aids. The outcomes of these
studies provide valuable information about the long-term effects of moderate to severe CHl on
linguistic abilities. In addition, these studies identify the linguistic structures of Dutch that are
particularly vulnerable when acquired with impaired hearing.

The use of morphosyntactic knowledge in language production and reception

Ininteractions between people, language is produced by the sender to convey a message, while
the recipient processes the perceived signal to understand what has been said. “Perception
is of definite and probable things”, (James, 1890, p. 82), was quoted at the beginning of this
introduction. According to James (1890), the general law of perception is that “whilst part of what
we perceive comes through our sense of the object before us, another part always comes... out of our
own head” (p. 103). Within the context of perception of a language, these quotes describe the
process that recipients go through when perceiving incoming linguistic information: recipients
process bottom-up information from the acoustic or visual signal and feed their interpretation
of this input with predictions from higher-level top-down resources like knowledge of the
world, context information, and knowledge of the language that is used (Pichora-Fuller, 2008;
Davis & Johnsrude, 2007; Houtgast & Festen, 2008; Norris et al., 2015; Ronnberg et al., 2013). The
more probable the stimulus is, the less information within the stimulus is needed to recognize
it. Thus, besides using other sources of knowledge to recognize linguistic input, the use of
knowledge of specific regularities in the language limits the array of possible interpretations
and thereby facilitates interpretation, even when sole bottom-up processing of the signal is
inconclusive. Hence, it is clear that acquired linguistic knowledge is not only deployed in the
process of language production, but is also used in language reception.

In people with CHI, the impact of perceptual limitations on the acquisition of morphosyntax
is hypothesized to surface in their performance in both domains of language processing,
independently of the modality: in spoken and written language production, adults with
CHI are hypothesized to make more morphosyntactic errors than adults who acquired their
language with normal hearing. This hypothesis is examined in chapter 2 for spoken language
production and in chapter 3 for written language production. In auditory and visual language
reception, on the other hand, consequences of CHI on the acquisition of morphosyntax are
hypothesized to be reflected in poorer use of morphosyntactic cues when processing linguistic
input. This hypothesis is examined in chapter 5 for visual language recognition and in chapter
6 for auditory language recognition. If this hypothesis for language reception holds, this
would imply that adults with CHI are not only hindered by bottom-up auditory limitations in
auditory speech recognition, but also by a CHI-induced impediment in the top-down use of
morphosyntactic knowledge.

17



Chapter 1

Outline of this thesis

This thesis describes studies that examine possible consequences of moderate to severe
sensorineural CHI in two domains of linguistic processing, i.e., in language production and
language reception, and in two modalities, i.e., in the auditory (spoken) and visual (written)
modality. To assess adults’ abilities in language reception, we use a sentence repetition task.
This task does not necessarily require comprehension of the content of the sentences, so we
further use the term ‘recognition’ to describe the assessed ability in the domain of language
reception. The studies in this thesis thus concern four quadrants of a matrix: spoken language
production, written language production, auditory language recognition, and visual language

recognition.

In all our studies but one, the performance of adults with moderate to severe CHI is compared
to the performance of normal-hearing adults (NH), who thus acquired their oral language
(Dutch) without auditory perceptual limitations. This group is used as a reference to examine
possible consequences of auditory limitations during the acquisition of language on linguistic
performance in adulthood. However, the CHI adults’ auditory abilities at the moment of
testing may also compromise their performance on the various tasks. Therefore, in some of the
studies in this thesis, a reference group of adults who acquired bilateral sensorineural hearing
impairment after the age of 12 years (AHI) was included for assessment. Because the AHI adults
differ from the CHI adults with regard to their hearing abilities during language acquisition but
can be matched to the CHI adults for their current hearing abilities, these two possible sources
of variance in outcomes can be disentangled.

This thesis aims to answer the following research question:

‘Does moderate to severe congenital hearingimpairment (CHI) affect the use of morphosyntactic
knowledge in spoken language production, written language production, visual sentence
recognition, and auditory sentence recognition?’

Chapter 2 discusses a study on the spoken language production of 20 adults with moderate
to severe CHI and 10 NH adults. Spoken language samples, elicited in expository discourse,
are analyzed with regard to morphosyntactic correctness and syntactic complexity. This study
identifies specific categories of morphosyntactic errors that are made more frequently by the
group of adults with moderate to severe CHI, compared to the group of NH adults.

Chapter 3 describes the performance of the same study population as in chapter 2, i.e., adults
with moderate to severe CHI and NH adults, in written language production. Analysis is done on
samples of written language, elicited in expository discourse, assessing the morphosyntactic
correctness and syntactic complexity of the adults’ written utterances. This study examines
whether the specific morphosyntactic difficulties that were observed in the spoken language
production of the adults with moderate to severe CHI in chapter 2 are also apparent in their
written language production.
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General introduction

Chapter 4 introduces the distortion-sensitivity approach as a method to assess the use of
linguistic cues in sentence recognition. Within the outline of this thesis, this chapter offers
additional information on the research method used in the subsequent chapters, but does not
answer a specific part of the research question. The applicability of the distortion-sensitivity
method is examined in two groups of adults who differ evidently in their linguistic abilities, i.e.,
in 13 native and 10 non-native users of Dutch. In these groups, auditory sentence recognition
in noise and visual sentence recognition with masked text are assessed. In the visual modality,
sentence recognition is studied in two conditions, i.e.,, with grammatically correct Dutch
sentences and with sentences in which syntactic, lexical, or semantic cues are distorted. The
sensitivity to these distortions, reflected in the decrease in performance between the original
and distorted condition, yields information about whether the distorted cue is actually
used when performing the task. This study shows that the distortion-sensitivity approach is
applicable to assess the use of linguistic cues in sentence recognition.

Chapter 5 discusses a study of the performance of adults in visual sentence recognition,
combined with analysis of their spoken language production. The study is performed in 21
adults with moderate to severe CHI, 22 adults with AHI, and 22 NH adults. As in the study of
chapter 2, an elicited spoken language sample from each adult is analyzed for morphosyntactic
correctness. Next, the distortion-sensitivity approach is deployed to examine the use of specific
morphosyntactic cues in visual sentence recognition. Within this approach, visual sentence
recognition is assessed with grammatically correct Dutch sentences and with sentences in
which errors were introduced from the specific error categories that were observed in the
spoken language production of adults with moderate to severe CHI (chapter 2). Groups are
compared for their recognition of grammatically correct sentences and for their sensitivity to
the morphosyntactic distortions. Lastly, this study examines whether there is an association
between the adults’ incorrect use of morphosyntactic markers in spoken language production
and their use of comparable morphosyntactic cues in visual sentence recognition.

Chapter 6 discusses the performance of the adults of the hearing-impaired groups of the study
in chapter 5 (i.e., the group of adults with moderate to severe CHI and the group of adults
with AHI) in tasks for auditory sentence recognition. As in the study described in chapter 5, the
distortion-sensitivity approach is used to examine the use of specific morphosyntactic cues in
sentence recognition. In addition, this chapter discusses the relative contribution of bottom-
up auditory abilities and top-down linguistic abilities to auditory sentence recognition in the
hearing-impaired adults.

The final chapter (chapter 7) summarizes and discusses the most important results of the
studies in this thesis. Furthermore, clinical implications are discussed.

Chapters 2 to 6 of this thesis have been published or submitted for publication as a research
paper. As a consequence, there is some overlap in the content of the chapters.
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Chapter 2

ABSTRACT

Aim: The aim of this study was to examine long-term effects of moderate to severe congenital
hearing impairment (MSCHI) at an age when language development is completed, i.e., in adults.

Method: We studied language performance in Dutch in 10 normal-hearing (NH) adults and 20
adults with MSCHI, using analysis of elicited language samples on morphosyntactic correctness
and syntactic complexity.

Results: The data show long-term effects of MSCHI in the domain of morphosyntax: MSCHI may
lead to a persisting lower level of mastery of the determiner use constraint and a lower level of
performance in using bound morphemes and adverbs, compared to NH adults. In the MSCHI
group, morphosyntactic correctness is related to degree of congenital hearing impairment,
and not to age. For syntactic complexity, no group differences were found.

Conclusion: The study results give a language-specific description of aspects at risk when
language is acquired with an inferior auditory input. MSCHI especially may lead to problems
in the use of low salient bound and free morphemes, as well as to problems with aspects of
the language that are relatively complex. Thus, the consequences of MSCHI may remain after
language development is completed.
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INTRODUCTION

Language acquisition of children with a congenital hearing impairment (henceforth CHI) has
been the topic of many studies. In CHI children, limitations in auditory sensitivity affect the
process of language acquisition from birth onwards, which may result in deficiencies in various
language domains (see Moeller et al., 2007, for an overview). The current study focuses on the
occurrence of long-term, persisting problems in the linguistic performance of persons with CHI.

When children acquire a language, grammar-building depends on a specific type of input that
is not equal to mere available language in the child’s environment. Regarding the linguistic
contextoflanguageacquisition,adistinctionis made betweeninputand intake (Kumaravadivelu,
1994): input represents the speech that is directed to or spoken in the environment of the child,
while intake is what the child has perceived or processed, and hence can be used in grammar-
building. Congenital hearing impairment affects both input and intake: CHI may cause parents
to offer a hearing-impaired child a less complex linguistic input than is offered to normal-
hearing peers (Gallaway et al., 1990; Gregory et al., 1979; Nienhuys et al., 1984), while the intake
of the linguistic input is affected by the impediment CHI poses on the perceptual abilities of the
child. Though reduction in complexity of the linguistic input may hinder language acquisition,
itis suggested that adaptations in the input that are in line with the language level of the child,
may also facilitate language development (Gallaway et al., 1990; Nienhuys et al., 1984). As for
the auditory intake of language, however, CHI is taken to have a clearly negative effect due
to a significant reduction in speech audibility in combination with the detrimental effect of
background noise that affects hearing-impaired individuals disproportionally (Stelmachowicz
et al,, 2000). Though early auditory rehabilitation minimises the effects of hearing impairment
on language acquisition (Yoshinaga-Itano et al., 1998), a child with CHI acquires its spoken
language with an intake consisting of degraded auditory speech, even with hearing aids or
cochlear implant(s).

The central theme of this study is the possible effect of a congenital problem in speech
perception on linguistic skills in adulthood. Because adaptations in the linguistic input cannot
be characterised retrospectively, we will focus on the effect of CHI on the intake of language.
Linguistic theories that account for the role of auditory perception in acquisition are therefore
relevant to the topic of the study. The most relevant theories are briefly discussed below.

Linguistic theories and the role of auditory perception

Language impairment has been studied in various populations. A vast amount of research
concerns the linguistic performance of people with specific language impairment (SLI),
resulting in various theories that account for (part of) the observed deficits in this population.
Several researchers have posited impairments in the syntactic representations in people with
SLI. These studies have led to the identification of specific linguistic markers of SLI (see Clahsen,
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2008, for an overview). These views attribute SLI to an innate grammatical deficit that causes
problems with the processing of grammatical features. However, in the population of our study,
i.e., CHI adults, an innate grammatical deficit may not be assumed: the only factor in which
CHI people differ from individuals with normal hearing is their congenital speech perception
deficit. Hence, CHI children are assumed to have the same innate linguistic aptitude as typically
developing children and to suffer primarily from a reduced intake of degraded speech.
Therefore, linguistic theories explaining deficits in SLI assuming an innate grammatical deficit
are by hypothesis not applicable when studying the effect of CHI on linguistic performance.

Other linguistic theories approach SLI from the perspective of limitations in the processing of a
language. In the ‘surface account’ (Leonard, 1989; Leonard et al., 1997), the assumption is made
that SLI children do not suffer from an innate grammatical deficit, but from auditory processing
limitations, which in turn may influence the building of grammatical representations. Although
SLI children do, by definition, not present hearing loss, they often have difficulties processing
bound morphemes. In many languages, bound morphemes have a relatively short duration
and often consist of a single consonant or an unstressed syllable. Leonard et al. (1997) state
that these specific surface characteristics of bound morphemes make them more likely to be
affected by the limited auditory processing capacities of SLI children. This would imply they
are possibly not part of the intake. As a result, a greater number of exposures to these brief
grammatical morphemes is required to establish the inflectional paradigm (Leonard et al.,
1997).

Because the surface account assumes a processing deficit that hinders the intake of linguistic
input, analogues with congenital hearing impairment emerge. In CHI, the intake is hindered by
the speech perception problem associated with the hearing impairment: bound morphemes
may thus be even more difficult to perceive for CHI children, given their surface characteristics.
The audibility problem is likely to put additional strain on auditory processing and may lead,
as in individuals with SLI, to problems in the establishment of morphological paradigms.
Svirsky et al. (2002) adopted the idea that surface characteristics of morphemes may influence
grammatical development and formulated a specific hypothesis for the development of
grammatical skills in CHI children who are using a cochlear implant. A cochlear implant is an
electronic hearing device that is used in persons who are severely hearing-impaired or deaf.
It transmits sound directly to the auditory nerve. The quality of sound with a cochlear implant
differs from natural hearing, as less sound information is received and processed by the brain.
The ‘perceptual prominence hypothesis’ of Svirsky et al., which echoes Leonard’s surface
account, predicts that “cochlear implant users develop grammatical skills in a sequence that is
determined by the perceptual prominence of the corresponding acoustic markers” (Svirsky et
al., 2002, p. 109). In their study, children with a cochlear implant showed more difficulties in the
production of less perceptually prominent morphemes than of more prominent morphemes,
which was in accordance with the perceptual prominence hypothesis. Their results suggest
that the establishment of morphological paradigms in hearing-impaired children is affected by
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Spoken language production

their congenital speech perception deficit. Under such a view, CHI may thus lead to a persisting
and long-term reduced auditory intake during the language acquisition age that is reflected
in morphosyntactic performance at the adult age. The perceptual prominence hypothesis
therefore predicts possible differences in the linguistic performance of CHI adults and NH
adults in the current study.

Consequences of CHI for linguistic performance in children

Various studies on the consequences of CHI show devianciesin children’slanguage development
(see Moelleretal., 2007, for an overview). Aspects of language that are affected by CHI in children
are typically studied by comparing their linguistic performance with a reference group of age-
matched normal-hearing peers. Scholars have found deficiencies in the domain of phonology
(Briscoe et al., 2001; Elfenbein et al., 1994; Wake et al., 2004), in lexicon (Davis et al., 1986; Kiese-
Himmel, 2008; Moeller et al., 2007; Wake et al., 2004), and in pragmatics (Elfenbein et al., 1994).
The domain of morphosyntax appears to be most affected by CHI: children with mild to severe
CHI show morphosyntactic errors in their spontaneous language production (Elfenbein et al.,
1994; Hammer, 2010; McGuckian & Henry, 2007; Norbury et al., 2001; Stelmachowicz et al., 2004)
and in tasks in which specific morphosyntactic structures are elicited (Elfenbein et al., 1994;
Hammer, 2010; Hansson et al., 2007; McGuckian & Henry, 2007; Norbury et al., 2001). Friedmann
and Szterman (2006) showed that CHI children have difficulties in the comprehension and
production of advanced syntax.

In the studies described in the previous paragraph, large inter-individual variation in the
linguistic abilities of CHI children becomes apparent. As in the reference groups with normal-
hearing peers, variation in linguistic skills of the CHI children results from differences in child-
internal factors (like intelligence, aptitude, and working memory capacity), as well as from
differences in external factors (like linguistic input and educational setting). Chronological age
accounts for part of the variance in linguistic performance in both normal-hearing groups and
hearing-impaired groups. In hearing-impaired children, an additional factor that may account
for part of the variance is the degree of hearing impairment. Therefore, the relation between
the degree of hearing impairment and linguistic outcome measures has been studied in various
publications. A correlation between the degree of hearing impairment and phonological
measures was found in one study (Briscoe et al., 2001). In several other studies, however, no
correlation was found between the degree of hearing impairment of the CHI children and the
studied linguistic measures (Davis et al., 1986; Elfenbein et al., 1994; Gilbertson & Kamhi, 1995;
Hansson et al., 2004; Stelmachowicz et al., 2004). In contrast with these findings in primary
school-age children, research of Delage and Tuller (2007) in CHI adolescents, aged 11 years 9
months to 15 years, did show a correlation between the degree of hearing impairment and
morphosyntactic and phonological measures. In this study, the outcomes on the linguistic
measures did not correlate with chronological age. Delage and Tuller hypothesize that in
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childhood, the effect of age on linguistic performance obscures the relation between the level
of hearing impairment and language outcomes. When language development is complete, asin
their adolescent subjects, other possible sources of variability become apparent. Their findings
imply that the degree of CHI is one of the sources of inter subject variability in language that
surfaces at an age beyond the developmental stage.

Since the aim of the current explorative study is to detect possible long-term, persisting effects
of CHI, we adopted the rationale of Delage and Tuller in our study of the linguistic skills of
CHI adults. The linguistic performance of adults with normal hearing (NH) and of adults with
moderate to severe congenital hearing impairment (MSCHI'") is compared. We assume factors
other than hearing that affect linguistic skills to be essentially equal in the two groups. Hence,
specific differences in the language production of the group of MSCHI adults, compared to
NH adults, are by hypothesis attributed to the effect of MSCHI on the language acquisition
process that preceded the end state we are investigating. This way, the results of this study
contribute to the discussion in the current literature on whether language development in the
condition of CHI is delayed, or should be considered as deviant (as in e.g., Boons et al., 2011,
and Hammer, 2010). If this study shows persisting deficiencies in the language production of
MSCHI adults that are atypical for normal language development and are not observed in the
end state syntax of NH adults, this supports the claim that CHI may lead to a deviant language
development.

To our knowledge, no publications are yet available on the linguistic skills of adults with MSCHI.
In the next section of this introduction, we will therefore first discuss available data on the
linguistic performance of CHI adolescents, to indicate possible tendencies that might inform us
about the linguistic performance of MSCHI adults. Next, some studies on the linguistic output
of NH adults will be described as a reference. Afterwards, we will outline the context of the
current research.

Linguistic performance of CHI adolescents

The linguistic performance of CHI adolescents has not been studied extensively. Studies of
Delage and Tuller (2007) and Elfenbein et al. (1994) show that the effect of CHI on language
abilities generally does not disappear in adolescence: problems may persist in the domains
of phonology, morphosyntax, and pragmatics. Delage and Tuller (2007) tested the linguistic
skills of 19 adolescents, aged 11 years 9 months to 15 years, with pre-lingual mild to moderate

1 In the current study, the degree of CHI of the participants varied from moderate to severe
(PTA(O,S,W,ZkHz) of 35 to 95 dB HL at the best ear). Therefore, we introduce the abbreviation ‘MSCHI’ to refer
to our population. When referring to results of other studies, the more general abbreviation ‘CHI" is
used, because the degree of CHI of the participants in those studies may vary from mild to profound
(PTA of 20 to > 95 dB HL).

(05,1, 2kHz)
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hearing loss (PTA ranging from 27 dB to 69 dB HL). They found impaired language in more
than half of the CHI subjects. The participants with impaired language performed poorly on
tasks concerning phonology and morphosyntax. The observed difficulties were related to the
level of hearing impairment, but not to nonverbal abilities, nor to chronological age. Elfenbein
et al. (1994) studied the speech and language skills of children and adolescents, aged 5 to 18
years, with mild to severe CHI (PTA ranging from 10 to 88 dB HL). They found CHI to affect
speech production, morphosyntactic skills, and pragmatic skills. In the area of pragmatics, CHI
participants tended not to provide enough information to the listener, resulting in ambiguous
responses. Regarding morphosyntax, CHI participants most frequently made tense and
agreement errors, while errors in other morphosyntactic aspects occurred as well (in decreasing
order of frequency of occurrence: errors in production of complex sentences (e.g., subordinated
clauses); omissions of verbs; bound morpheme errors (with plurals, possessives, comparatives,
and superlatives); preposition errors; determiner errors; pronoun errors). Elfenbein et al.
demonstrate that most of the contexts in which morphosyntactic errors were made involved
either unstressed components of spoken language or bound morphemes. This finding links
the errors with surface characteristics: the congenital perception deficit in the CHI participants
seems to primarily affect the use of less acoustically prominent aspects of a language.

As above mentioned, research in adolescents shows that the areas of phonology,
morphosyntax, and pragmatics seem to be vulnerable when language is acquired in the
condition of CHI. As a cause for the observed difficulties, the influence of hearing impairment
on the intake was described earlier. However, for the areas of phonology and morphosyntax, an
additional influential factor emerges from earlier research on critical period effects: phonology
and morphosyntax, i.e., formal aspects of language, are known to be more vulnerable for
developmental constraints than aspects of language that deal with meaning, i.e., semantics
and lexicon (Johnson & Newport, 1989; Weber-Fox & Neville, 1996). In CHI children, it is likely
that the critical period for language acquisition is not optimally used as a result of the speech
perception problem. Consequently, persisting problems in the areas of morphosyntax and
phonology could be related to an effect of the critical period. However, critical period effects as
such cannot account for the observed pragmatic difficulties in CHI adolescents.

As stated earlier, information on the linguistic performance of adults who are not hearing-
impaired is relevant as a reference point for the participants’ performance in the current
study. In research on typically developing children, adolescents, and adults, the syntactic
complexity of speech utterances has been measured to quantify the linguistic development
(Berman & Nir-Sagiv, 2004; Nippold et al., 2005a; Verhoeven et al., 2002). Syntactic complexity
is assessed using sentence length and subordinate clause production: from childhood through
adolescence, utterance length increases and subordinate clause production occurs more
frequently. However, these two measures no longer differentiate between adults in their
twenties and forties (Nippold et al., 2005a). This means that complex syntax has been acquired
when reaching adulthood (Nippold, 2007). In the context of the current study, we therefore
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assume the syntax of adults to be in its end state. Including measures of syntactic complexity
in the current study enables us to compare the syntactic attainments of MSCHI and NH adults.

Context of the research method

In Dutch, no standardised tests are available to assess the linguistic performance of adults in
detail. Therefore, in the current study, analysis of speech samples is used to identify possible
differences in the linguistic performance of MSCHI adults, compared to NH adults. This method
leads to a detailed evaluation of a person’s functional linguistic capacities and is considered to
reflect the actual use of language in daily communication better than standardised tests (Paul,
2007). The language samples in this explorative study were elicited with the Favourite Game
or Sports Task (FGST) (Nippold et al., 2005a). Subjects were asked what their favourite game or
sport is, what the goals and rules of the game or sport are, and what the key strategies are to
win the game. The FGST elicits language in expository discourse, i.e., a discourse genre in which
a person uses spoken language to convey information. A large amount of studies showed that,
measured by mean length of utterance in words and subordinate clause production, language
in expository discourse is syntactically more complex than language in conversational discourse
(Berman & Nir-Sagiv, 2004; Nippold et al., 2005a, 2007, 2008, 2009; Nippold, 2009; Schick, 1997;
Verhoeven et al., 2002). This difference in syntactic complexity between conversational and
expository discourse is found in typically developing adolescents (TLD), as well as in adolescents
with specific language impairment (SLI) or non-specific language impairment (NLI) (Nippold et
al., 2008). However, syntactic deficits in the language production of adolescents with language
impairment only become apparent in expository discourse, where both language-impaired
groups, i.e., SLIand NLI, show lower mean length of utterance than the TLD group. In conclusion,
the genre of expository discourse is considered to be a more sensitive detector of syntactic
deficits in language production. Eliciting language in expository discourse is therefore suitable
for the aim of the present study.

One can argue that using the FGST, differences in knowledge of the described game or sport
can affect the level of syntactic complexity in the produced language. Nippold et al. (2009)
invalidated this hypothesis in a study with children aged 7 to 15 years, with chess being the
topic of the FGST. Variance in the knowledge of chess resulted in differences in their responses,
but only with respect to the content. However, the syntactic complexity of the produced
language of novices and experts in chess did not differ. Therefore, we assume that knowledge
of the game or sport will not interfere with the linguistic measures in the current study.

Based on the research described in this introduction, we expect differences between the
linguistic performance of MSCHI adults and that of NH adults to be situated in the areas of
morphosyntax, phonology, and pragmatics. The domains of phonology and pragmatics are not
assessed in the current study. To evaluate possible differences in (morpho)syntactic attainment
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between MSCHI and NH adults, group results on morphosyntactic correctness and syntactic
complexity of the speech samples will be compared. The relation between the linguistic
outcome measures and specific MSCHI participants’ characteristics, i.e., chronological age and
degree of CHI, will be studied by means of a correlation analysis. If the linguistic measures in the
current study do not correlate with age, but do correlate with degree of CHlI, this will support
the hypothesis that the effect of CHI on linguistic performance surfaces when age no longer
exerts a substantial influence on language, as Delage and Tuller (2007) suggested.

Research questions
In conclusion, the following questions will be addressed in the present study:

e Does the (assumed) end state of syntax in adults with moderate to severe congenital
hearing impairment (MSCHI) show atypical patterns in morphosyntactic correctness or
syntactic complexity, as measured in the spoken output?

e Are the linguistic outcome measures in the MSCHI adult group correlated with the
degree of congenital hearing impairment and not with chronological age?

The underlying rationale of this study is that the effect of persisting and long-term reduced
auditory intake during the language acquisition age is reflected in the morphosyntactic
performance at the adult age. The expected negative effect of CHI will be measurable in terms
of reduced linguistic performance of CHI adult speakers when compared to NH peers. Aspects
of language that highly depend on perception abilities are expected to be affected in the
group of MSCHI adults, following the earlier described linguistic theory and research outcomes.

METHODS

Participants

Ten adults with normal hearing (NH), aged 20 to 34 years (mean: 25 years), and twenty adults
with moderate to severe congenital hearing impairment (MSCHI), aged 20-45 years (mean:
28 years) participated in this study. The NH adults were recruited through advertisements on
posters and in email. The MSCHI adults were patients of an audiological diagnostic centre and
enrolled voluntarily in the study after an invitation. The VU University Medical Center medical
ethics committee approved the study.

An overview of the participants’ characteristics is added in Appendix A. It should be noted
that the participants with MSCHI on average had a higher level of education than the NH
participants. All participants reported not to have been diagnosed with cognitive impairment,
or with language problems, or a psychiatric disorder. In the NH control group, the participants’
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best ear pure tone average (PTA | , ., I-€, mean of the thresholds at 0.5, 1, and 2 kHz) did not
exceed 20 dB HL. In the MSCHI group, the best ear PTA ; | , ., ranged from 35 to 108 dB HL.
Note that the main inclusion criterion for the MSCHI group was the level of hearing impairment
at the time of birth, rather than the current level of hearing impairment. The PTA ; _ , .., of the
best ear at the time of birth had to be between 35 and 95 dB HL to be included in the MSCHI
group. In patients for whom an audiogram at an early age was not available, inclusion took
place based on anamnestic information (progression, hearing level at age of diagnosis) and
current and earlier audiograms. This way we could include participants of whom it was clear
that they had a moderate to severe hearing impairment (PTA , of 35 to 95 dB HL) from

birth.

0.5, 1,2 kHz

All participants but one started using hearing aids before the age of 5 years. One participant did
not use hearing aids until the age of 18 because of a steep slope in his audiogram. Eight MSCHI
participants reported a progression in their hearing loss over time. Four of them are currently
using a cochlear implant, but implantation took place less than six years ago. Consequently,
all MSCHI participants acquired their spoken language while having a moderate to severe
congenital hearing impairment, and all but one started using hearing aids to compensate for
the hearing loss in childhood.

At primary school age, 11 out of 20 of the MCSHI participants attended regular schools, while the
others attended a school for the hearing-impaired. At secondary school age, two participants
who attended a primary school for the hearing-impaired switched to a regular secondary
school. All participants were raised monolingually in Dutch and reported not to have been
in contact with users of a sign language during their school years?. Hence, the participants’
development of Dutch was not influenced by sign language grammar, nor by the grammar of
another native tongue.

Materials

Participants filled out a questionnaire to provide information on their hearing, the linguistic
region in which they grew up and their educational career. Because an assessment of nonverbal
capacities was not possible given time restrictions, the information on level of education from
the questionnaire was used as an indicator for cognitive competence.

As mentioned earlier, the Favourite Game or Sports Task (FGST) (Nippold et al., 2005a) was
used to elicit a language sample in expository discourse. Participants were interviewed in an
individual setting in a quiet environment. All interviews were done by the same experienced

2 Inthe erain which the participants of this study attended primary and secondary school, sign language
was not used in Dutch schools for the hearing-impaired to interact with children who did not have
profound hearing impairment.
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linguist in a standardised procedure, in accordance with the description of the questions in the
FGST in Nippold et al. (2005a):

A. What is your favourite game or sport?
B. Why is [e.g., soccer] your favourite sport?

C. I want you to imagine that | do not know anything about [e.g., soccer]. Please tell me
everything a layman should know to be able to play the game: what is the purpose of
the game? How many people play it? What are the rules to play it? Please go ahead.

D. Now I would like you to tell me what a player should do in order to win the game. What
are the most important strategies every good player should know?

The interviewer displayed interest in the participant’s response by means of nonverbal
communication. The speaker was allowed as much time as was needed to complete the
response. The next question was posed once the participant finished talking and appeared to
be ready. In the participant’s response to question C, the interviewer checked if all parts of the
question were addressed. If not, the interviewer repeated the question that was not addressed.

Language samples were digitally recorded and transcribed by the interviewer or by another
experienced coder. Transcriptions were made using the CHAT software (MacWhinney, 2000) and
the transcription conventions of the STAP method, a method for the analysis of spontaneous
language in Dutch children (van den Dungen & Verbeek, 1999). All transcripts were checked by
the other coder. Dissimilarities in the transcripts were discussed to attain agreement between
the coders.

Analysis of language samples: variable set
Syntactic complexity was measured with the following variables:
e mean length of utterance in words (MLU)

e clausal density: the average number of clauses (independent and subordinate) per
T-unit (see section 2.4 for the definition) (Scott, 1988)

e three measures for subordination type: relative clause use, adverbial clause use, and
nominal clause use (i.e., the percentage of utterances containing (a) relative / adverbial
/ nominal clause(s) (e.g., Nippold et al., 2005a))

Allmorphosyntactic errors were marked and counted. No automatic software was used to count
marked errors. Morphosyntactic correctness was expressed in two general measures: number of
morphosyntactic errors and number of ungrammatical utterances. These measures were taken
from the STAP method, a method for the analysis of spontaneous language in Dutch children
(van den Dungen & Verbeek, 1999). Subsequently, all morphosyntactic errors were categorised,
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using 15 error categories that either reflected common errors in the acquisition stage, i.e., #1 to
#9 (derived from the STAP method), or were used in studies on CHI children and adolescents,
i.e., #10 to #12 (adopted from the study of Elfenbein et al., 1994). Three more variables were
added to be able to cover all observed errors, i.e., #13 to #15. The 15 error categories are given
in Table 1.

Table 1. Fifteen error categories to classify all morphosyntactic errors

#1 subject-verb agreement error in the present tense
#2 past tense error

#3 past participle error

#4 omission of a main verb

#5 omission of an auxiliary or copula verb

#6 omission of a noun phrase (subject or object)

#7 word order error

#8 omission of a determiner in obligatory context

#9 incorrect determiner

#10 suffix error (other than finite verb morphemes)

#11 preposition error

#12 pronoun error (personal, demonstrative, and relative pronoun)
#13 adverb error

#14 conjunction error

#15 other errors

Regarding error category #6 (omission of a noun phrase), the STAP manual states that omission
of an object in topic position is allowed, but omission of a subject in topic position should be
counted as a morphosyntactic error. However, research in the adult use of Dutch shows that
subjects in first and third person are allowed to be dropped from topic position, provided that
the identity of the subject can unequivocally be derived from the context (Jansen, 1981; Thrift,
2003). Therefore, omission of a first or third person subject from topic position is not considered
as an error in this study. In the STAP method, error category #9 (incorrect determiner) consists
of errors in the use of determiners (articles, demonstratives and possessive pronouns) and
inflectional errors in attributive adjectives. Though determiner errors and errors on adjectival
inflections in Dutch are related in the acquisition stage (Polisenskd, 2010), a common cause for
these errors cannot be assumed in adult language. Therefore, errors in adjectival inflection are
separated from the determiner error category (#9) and added to error category #10 (other suffix
errors than verb morphemes) in the current study.
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Analysis of language samples: procedure and data scoring

Samples were segmented into T-units (Hunt, 1970). Each T-unit contains one independent
clause, and all attached subordinate clauses. Hunt describes T-units as “the shortest units into
which a piece of discourse can be cut without leaving any sentence fragments as residue”
(p. 189). Within utterances, instances of maze behaviour (i.e,, false starts, revisions, and self
repetitions) and fillers (like nou ‘well’ and zeg maar ‘let’s say’) were placed between parentheses
and excluded from analysis of the utterance (as described by van den Dungen and Verbeek,
1999). Incomplete utterances were excluded from analysis (as in Nippold et al., 2005a). Elliptical
utterances that immediately followed a question of the interviewer and did not have an
autonomous syntactic structure were excluded from analysis as well. Dialectal and colloquial
expressions were not considered as errors and therefore not analysed as such. Where necessary,
users of specific dialects were consulted to assist in the interpretation.

Calculation of the parameter values

When analysing language samples, a comparison between subjects or groups is based on the
performance of the subjects in a fixed number of utterances. In the current study, however,
a drawback of the elicitation task for expository discourse was that the sizes of the collected
samples differed from one another. All interviews contained a defined set of questions and the
length of response to each question was not limited. To allow group comparisons with our data,
careful correction for the sample size differences was therefore necessary. We will describe the
followed procedure underneath.

If a collected sample contained more than 100 utterances, only the first 100 utterances
were analysed. If a sample did not contain 100 utterances, all utterances were analysed. The
measures for syntactic complexity (i.e., MLU, clausal density, and the three types of subordinate
clause use) were, by definition, calculated as ratios relative to the sample size. Therefore, the
outcome values on these measures did not necessitate rescaling®. To neutralise differences in
sample size for the morphosyntactic parameters, we rescaled the count values of every error
parameter using a ratio, which is a common procedure in research. Group comparisons for
these measures were enabled by rescaling the values relative to the sample size (i.e.,, number
of errors / sample size * 100). We opted for rescaling the morphosyntactic measures instead of
limiting the number of analysed utterances to the smallest sample size to optimise the use of
the collected data.

3 The authors are aware of ongoing discussions concerning the reliability of MLU to identify language
impairment in children (see Eisenberg et al., 2001, for a review). The effect of sample size on MLU has
been a topic of debate, as well as the unit for counting MLU (i.e., words versus morphemes) (Oosthuizen
& Southwood, 2009). In the current study, MLU is only used for group comparisons in an adult population
and not to assess language impairment in individuals. Given this purpose, the method seems feasible.
Additionally, it is in accordance with research by Nippold et al. (2005a, 2007, 2008, 2009).
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Analysis of language samples: reliability

To examine the reliability of the analyses, ten percent of the samples (as in Hammer, 2010) was
reanalysed by a second experienced clinical linguist. For each utterance, segmentation and
analytical judgements of the two coders were compared. This yielded a good reliability. The
mean percentage agreement for all variables was 98,76%. For the individual variables, the
percentage agreement varied from 96,39% to 100%.

RESULTS

Speech sample size

Using the Favourite Game or Sports Task as elicitation method, various activities were discussed
as a topic (e.g., water polo, field hockey, rowing, soccer, darts, card games, korfball, dressage,
tennis and volleyball). As mentioned in section 2.4, the elicitation task resulted in samples with
variable size. For the NH group, speech sample size ranged from 47 to 76 utterances, with a
median of 61 utterances. For the MSCHI group, sample size ranged from 24 to 211 utterances,
with a median of 58.5 utterances. As mentioned in the method section, the maximum number
of utterances to be analysed for each sample was set at 100 utterances. A non-parametric
test yielded no significant difference in analysed sample size between NH and MSCHI [Mann-
Whitney U= 81.000; n, = 10, n, = 20; p > 0.05].

Results for each linguistic domain

Syntactic complexity

Figure 1 shows the data on mean length of utterance in words (MLU) for the NH and MSCHI
group. Data show similar performance for the two groups. A t-test for equality of means yielded
no significant group differences [t = -0.555; n, = 10, n, = 20; p > 0.05]. Figure 2 and 3 show
the group data on clausal density, relative clause use, adverbial clause use, and nominal clause
use. Data show similar performance for the two groups. For all measures, a t-test for equality
of means yielded no significant group differences [t = -0.314 for clausal density; t = -0.074 for
relative clause use; t=-0.153 for adverbial clause use; t = -0.281 for nominal clause use; n, = 10,
n,=20; all p > 0.05].
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Morphosyntax

As values of the morphosyntactic measures show a positively skewed distribution, parametric
tests were not applicable. Group comparisons for the morphosyntactic measures were done
with non-parametric tests. Figure 4 shows the median values for the NH and MSCHI group for
the general measures for morphosyntax, i.e., number of ungrammatical utterances and number
of morphosyntactic errors.
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Figure 4: Group scores for number of ungrammatical utterances and number of morphosyntactic errors;
the individual variable values were rescaled relative to the sample size (i.e.,, number of errors / sample size *
100); median, inter-quartile ranges, and 5% and 95% percentage intervals are indicated, as well as the most
distinct values in the MSCHI group; significant inter group differences are marked with *.

Figure 4 shows that he median variable values as well as the intra-group variances were different
between groups. NH subjects produced fewer ungrammatical utterances and morphosyntactic
errors than MSCHI subjects did. This was statistically confirmed for both measures [Mann-
Whitney U = 38.500; n, = 10, n, = 20; p = 0.005 for number of ungrammatical utterances and
Mann-Whitney U = 50.500; n, = 10, n, = 20; p = 0.028 for number of morphosyntactic errors].

Errors on past tense and past participle use did not occur in the language samples of both NH
and MSCHI adults. The median values of the remaining 13 error categories for each group are
shown in Figure 5. Overall, Figure 5 shows more morphosyntactic errors for the MSCHI group.
Statistical analyses revealed significant differences for subject-verb agreement error, omission
of a determiner, adverb error, and for the category other errors [Mann-Whitney U = 47.500, p =
0.017 for subject-verb agreement error; U = 50.500, p = 0.026 for omission of a determiner; U =
49.500, p = 0.023 for adverb error; U = 55.000, p = 0.023 for other errors; n, = 10, n, = 20].
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Figure 5: Group scores for number of morphosyntactic errors in 13 categories; the individual variable
values were rescaled relative to the sample size (i.e., number of errors / sample size * 100); median, inter-
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the MSCHI group; significant inter group differences are marked with *.
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Description of the error patterns in the morphosyntactic error categories

This section contains qualitative descriptions of the error patterns that occurred in the
morphosyntactic categories in which a significant group difference was found.

Subject-verb agreement error in the present tense

In Dutch, a verb shows agreement with the subject in person and number. In the simple present
tense, regular inflection of a Dutch verb follows the paradigm in Table 2, illustrated here for the
verb drinken (‘to drink’). The plural form of the Dutch regular verb equals the Dutch infinitival
form. The suffix “t"in 2" person singular is substituted by zero-marking in an inversion context.
In the simple present tense, only six verbs have an irregular conjugation in this respect (Coppen
etal., 2002).

Table 2. Paradigm for the regular conjugation of the Dutch verb ‘drinken’ (to drink) in the simple present
tense

Person Singular Plural
1t stem+@ drink stem +en drinken
2nd stem+t drinkt stem +en drinken
3d stem+t drinkt stem +en drinken
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Table 3 shows the occurrence of specific error patterns in our data in the category subject-verb
agreement error. The error patterns in Table 3 demonstrate that MSCHI adults more often show
omissions of the 2" or 3 person singular morpheme (-t’) and more often use a plural verb
morpheme (~en’) in a singular context than the NH adults. Examples of observed subject-verb
agreement errors are added in Appendix B.

Table 3. Number of errors on subject-verb agreement

NH MSCHI
Total number of errors 6.04 44.29
Omission of 2" or 3 PI/Sg morpheme (“t’) 1.64 19.42
Plural verb morph in a singular context (~en’for t’) 3.03 16.49
34 PI/Sg morpheme in a plural context (-t’for “en’) 0.00 2.00
Bare stem in a plural context (o for “-en’) 0.00 4.00
Error on an irregular verb 1.37 2.39

Sum of the rescaled numbers of errors in the NH group and in the MSCHI group for five observed error
patterns in the error category subject-verb agreement error. Note that the sum score of the NH group
is based on language samples from 10 subjects, while the sum score of the MSCHI group is based on 20
samples. MSCHI, moderate to severe congenital hearing impairment; NH, normal hearing

Omission of a determiner in obligatory context

In Dutch, a determiner has to precede a noun in most linguistic contexts. However, Dutch allows
mass nouns, generic plural nouns, and plural nouns in an existential context to be used without
an article. Bare nouns are relatively often used in Dutch. When acquiring Dutch, children not
only have to learn the paradigm to correctly use definite articles according to a two categories
gender system, but also have to learn the determiner use constraint, i.e., the requirement
for obligatory determiner use in front of particular types of nouns and in particular syntactic
positions (Bassano et al., 2011).

In our data, a determiner is never used in contexts that require a bare noun. However, omissions
of a determiner in an obligatory context occur frequently in the speech samples of the MSCHI
adults: the sum of the rescaled number of determiner omissions is 20 for NH adults (n = 10)
and 193 for MSCHI adults (n = 20). Examples of observed determiner omissions are added in
Appendix C.

Adverb error

Regarding the adverb errors in Dutch, we will first describe the observed error patterns and
then clarify these patterns with a language-specific description. The occurrence of specific error
patterns in the category adverb error is given in Table 4. Omissions and substitutions of adverbs
of place, time, or modality (e.g., dan ‘then’ instead of daar ‘there’) were often observed in the
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language samples of the MSCHI adults. Additionally, the MSCHI samples reflect problems in the
use of pronominal adverbs and in the use of the adverb er. This word cannot unequivocally be
translated into English, but its functions will be explained below. Examples of observed errors
on adverbs of place, time, or modality, on pronominal adverbs, and on the use of er are added
in Appendix D.

Table 4. Number of errors on adverbs

NH MSCHI
Total number of adverb errors 12.63 87.19
Adverbs of time, place and modality (I-D-S) 4.26 35.70
Locative adverb as a part of a pronominal adverb (I-D-S) 8.38 1113
Prepositional adverb as a part of a pronominal adverb (I-D-S) 0.00 17.67
Pronominal adverb as a whole (S) 0.00 2.52
Repletive er (D-S) 0.00 20.17

Sum of the rescaled numbers of errors in the NH group and in the MSCHI group for the six observed error
patterns in the error category adverb error (I = insertion, D = deletion, and S = substitution). Note that
the sum score of the NH group is based on language samples from 10 subjects, while the sum score of
the MSCHI group is based on 20 samples. MSCHI, moderate to severe congenital hearing impairment;
NH, normal hearing

A pronominal adverb is composed of a locative adverb and a prepositional adverb, joined
together to represent a prepositional phrase. The use of pronominal adverbs in English is
rather exceptional (e.g., ‘therefore’ (for this), ‘wherein’ (in which) or ‘hereby’ (by this)). In Dutch,
however, pronominal adverbs are commonly used. They can be used as a single word, as
illustrated in (b), or separated by other words, as in (c).

(a) Ik luister naar de radio.
‘ listen to the radio.

(b) 1k luister ernaar.
| listen it-to

locative adverb-prepositional adverb

‘ listen to it
(@ Ik luister er met mijn vader naat.
I listen it with my father to

locative adverb prepositional adverb
‘| listen to it with my father.’
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The data in Table 4 show that both NH and MSCHI adults made errors on the locative part
of the pronominal adverbs. This part was omitted, inserted while not needed or substituted
by an incorrect word. However, the MSCHI adults in this study also made errors in the use
of the prepositional part of the pronominal adverb. This part was omitted or inserted while
not needed. Errors on the prepositional part of the pronominal adverb did not occur in the
language samples of the NH adults.

Another specific error type that was apparent in our data was the incorrect use of the Dutch
adverb er. The use of er in Dutch is complicated as it is used in four functions, i.e., repletive er
(as an indicator for an indefinite subject or as the subject of a passive verb), pronominal er (as
the locative part of a pronominal adverb), locative er (as the unstressed form of daar ‘there’,
expressing location), and partitive er (Donaldson, 2008). In its partitive function, er is used as a
quantitative pronoun. Therefore, errors on er in this function were not included in the adverb
error category but in the category other errors. Regarding the use of er, MSCHI adults showed a
distinctive error pattern compared to NH adults. NH adults only made errors in the use of er as
an autonomous locative adverb (i.e., error on an adverb of place in Table 4) or as the locative part
of a pronominal adverb. In contrast, the MSCHI adults also made errors on er with a repletive
function. MSCHI adults omitted or substituted er with a repletive function, while these errors
did not occur in the language production of NH adults.

Other errors

The residual error category comprised all types of errors that could not be linked to another
error category. Examples are use of an incorrect tense given the context, substitution of an
interrogative pronoun, insertion of the preposition te in a verb construction, omission of the
partitive pronoun er, and substitution of het ‘it’ as an indefinite subject of a subject clause.

Correlation analysis for degree of hearing impairment and age

For the data of the MSCHI group, a correlation analysis was done to study the relation between
the linguistic outcome measures and two participants’ characteristics, i.e., age in years and
degree of CHI. The oldest available PTA ;. , ., (i.e., mean of the thresholds at 0.5, 1, and 2
kHz) was used as measure of the degree of CHI. Pearson correlation coefficients reflected
the relation between the measures of syntactic complexity and age and degree of CHI,
while Spearman’s rho was used for the morphosyntactic measures. The analysis yielded no
significant correlations between the measures of syntactic complexity and the two participants’
characteristics. In contrast, significant correlations were found between degree of CHI and
five morphosyntactic measures, i.e.,, number of ungrammatical utterances and omission of a
determiner [rho coefficients are 0.562 and 0.665 respectively, both significant at p < 0.01] and
number of morphosyntactic errors, other suffix errors and preposition errors [rho coefficients
are 0.544,0.538, and 0.465 respectively, significant at p < 0.05]. These correlations indicate that
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when a participant’s degree of hearing impairment was higher, more errors occurred in the
speech sample.

As in earlier research (Delage & Tuller, 2007), no significant correlations were found between
age and any linguistic outcome measure. The absence of a relation with age supports the
idea that persisting morphosyntactic difficulties in MSCHI adults result from deviancies in the
language acquisition process: when language development is completed, improvements in
linguistic performance may no longer be expected.

DISCUSSION

In this study, we examined whether the linguistic performance of adults with moderate to
severe congenital hearing impairment (MSCHI) differs from that of normal-hearing adults (NH)
at group level. We analysed language samples in expository discourse of 20 MSCHI adults and
10 NH adults. The data indicate that there is no difference in syntactic complexity between
the language of MSCHI and NH adults, but the output differs in morphosyntactic correctness:
MSCHI adults produce more ungrammatical utterances than NH adults. In these ungrammatical
utterances, MSCHI adults make significantly more determiner omissions, subject-verb
agreement errors, adverb errors, and errors in a residual category than NH adults do. We will
discuss the error patterns in the output of MSCHI adults in view of two possible explanations:
perceptual prominence is discussed as a cause for subject-verb agreement errors, noun plural
errors, and determiner errors, while the overall grammatical complexity of the use of adverbs is
discussed as an explanation for the observed adverb errors.

As described in the introduction, perceptual prominence may exert an influence on the
acquisition of morphemes. To discuss the current adult data in view of the perceptual
prominence hypothesis, all bound and free morphemes on which MSCHI adults showed a
significantly higher error rate compared to NH listeners were ordered on a so called ‘perceptual
salience continuum’. For each free and bound morpheme, the scores on four subfactors were
calculated, following Goldschneider and DeKeyser (2001, p. 23): phonetic substance (i.e., the
average number of phones in the allomorphs of a morpheme), syllabicity (i.e., the presence
or absence of a vowel in the surface form), total relative sonority (i.e., an average sonority
score for the allomorphs of a morpheme, based on the sonority hierarchy by Laver (1994, p.
504), and stress (i.e., the possibility for a morpheme or its allomorph to receive stress). If a
morpheme has different allomorphs, the value of each subfactor is calculated as an average
score for the allomorphs. These average values are used for the construction of the ‘perceptual
salience continuum’. Ideally they should be weighted as a function of the relative frequency
of the allomorphs in the target language, but such frequency information is not available for
the occurrence of the different allomorphs of a morpheme in Dutch. The average values for
the subfactors were converted into z-scores, after which the mean z-score for each morpheme
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was calculated. By ordering the mean z-scores for all free and bound morphemes, we created
a ‘perceptual salience continuum’. As could be predicted, bound morphemes were situated
on the lower end of the salience continuum, while free morphemes were situated towards the
more salient end of the continuum. In the following paragraphs, we will discuss the errors that
can be accounted for by their position on this perceptual salience continuum.

The MSCHI adults in our study showed considerable difficulties with the correct use of
subject-verb agreement morphemes. Problems in the acquisition of verb morphology are
often reported in hearing-impaired children (Elfenbein et al., 1994; Hammer, 2010; Hansson
et al., 2007; McGuckian & Henry, 2007; Norbury et al., 2001). The current study extends these
findings as our data suggest that the previously described problems in the acquisition of verb
morphology in CHI children may lead to persisting performance problems in the use of verb
agreement markers at the age of adulthood. When considering the subject-verb agreement
errors in our MSCHI data, the error pattern is consistent with the perceptual salience order in
the continuum we created: within the paradigm for verb inflection in the present tense, the
MSCHI adults show most errors in the use of the least salient marker, i.e., the use of the non-
syllabic singular suffix ~t'. This ‘-t” suffix is often omitted or is replaced by the more salient
plural morpheme ‘—en’. This error pattern in the linguistic performance of our MSCHI adults
confirms the perceptual prominence hypothesis.

Following the perceptual prominence hypothesis, CHI may also affect the use of other bound
morphemes. Several studies have indicated that CHI children show significant problems with
the use of plural and possessive markers (Elfenbein et al., 1994; McGuckian & Henry, 2007;
Norbury et al., 2001). In our data, no significant differences were found between MSCHI and NH
adults in ‘other suffix errors’, the error category that comprises errors on adjectival inflection,
comparative, and plural morphemes. Obviously, attributive adjectives, comparatives, and
plurals are used considerably less frequently in language production than finite verbs.
Consequently, fewer errors on their inflectional markers can be made, which may result in
limited statistical power. This might explain the absence of significant differences between
the MSCHI and NH group on the variable ‘other suffix errors’. Further analysis of the data by
using a ratio of the observed errors relative to the number of contexts in which an error could
occur, could yield additional information on possible differences in the use of other suffixes
between NH and MSCHI adults. Despite the absence of a significant difference between MSCHI
and NH adults in the correct use of other bound morphemes than subject-verb agreement
markers, the error pattern in noun plural marking of our MSCHI adults appears to be in line with
the perceptual prominence hypothesis. In Dutch, two morphemes are used for noun plural
marking, i.e., ~s”and “-en/-n". These plural markers differ in degree of salience: ~s’is less salient
than “en/-n’. Consistent with the predictions from the perceptual prominence hypothesis, our
MSCHI adults show considerably more errors in the use of the less salient plural morpheme *s’
than in the use of the more salient morpheme “-en/-n".
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The last category of errors that is discussed in view of the perceptual prominence hypothesis is
the incorrect use of determiners. The most prominent error in the MSCHI data is the omission
of a determiner in obligatory contexts, which reflects a problem in the MSCHI adults’ mastery
of the determiner use constraint. On the perceptual salience continuum, Dutch definite articles
de and het (‘the’) are situated close to the bound morphemes, suggesting they may be difficult
to perceive for people with CHI. As the Dutch determiner paradigm allows bare nouns to occur
in specific linguistic contexts, a problem in the perception of definite articles may hinder the
acquisition of the determiner paradigm. In general, it is known that children who acquire a
language that allows the occurrence of bare nouns (e.g., Dutch or another Germanic language)
show determiner omissions in their language production for a longer period than children
acquiring alanguage that prescribes the use of a determiner in nearly all linguistic contexts, like
Romancelanguages (e.g., French and Catalan) (Bassano et al., 2011; Guasti et al., 2008; Rozendaal,
2008; van der Velde, 2004). Additionally, the high rate of determiner omissions in children
acquiring English or Dutch has been attributed to rhythmic constraints: both languages share
a preference to produce trochaic word structures (combinations with word initial stress), which
leads to determiner omissionsin the early stages of acquisition (Gerken, 1991; Wijnen et al., 1994).
This rhythmic constraint is described as a phonological process, i.e., in the domain of language
production, rather than a process resulting from limitations in the perception of determiners
(Carter & Gerken, 2003; Wijnen et al., 1994). Therefore, the phonological mechanism behind
the rhythmic constraint cannot account for the frequent determiner omissions observed in
our MSCHI population. Conclusively, the observed determiner omissions in MSCHI adults can
be explained by the perceptual prominence of the Dutch definite articles, combined with the
language specific characteristics of the Dutch determiner paradigm. Rhythmic constraints
seem not to be of influence on the error pattern of the MSCHI adults.

Though MSCHI adults did not significantly make more determiner substitutions than NH
adults did, we will add some thoughts on the influence of CHI on the correct use of definite
articles in Dutch. If determiners are not adequately perceived, errors in their correct use may
be expected as well. Determiner errors in the language of CHI subjects have been reported in
earlier studies (Elfenbein et al., 1994; Schick, 1997). These studies do not specify whether the
observed errors concerned omissions, insertions or incorrect use of determiners. In Dutch, the
mastery of the determiner paradigm strongly depends on auditory perception. The correct use
of definite articles with a singular noun involves noun gender knowledge, which, in Dutch, is
derived from the co-occurrence of the definite article with the singular noun in the language
intake (Booij, 2002; Haeseryn et al., 1997). In first and second language acquisition of Dutch,
overgeneralization of the common article de to neuter nouns occurs regularly (Unsworth, 2007;
van der Velde, 2004). This overgeneralization is attributed to the higher relative frequency in
Dutch of the common article de over the neuter article het. Further inspection of the MSCHI
data shows that no pattern of overgeneralization is observed in the use of definite articles: they
show substitutions of definite articles in both directions. This error pattern is atypical for users
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of Dutch. Earlier, we discussed the possibility that definite articles are likely to be missed by CHI
individuals, given their position on the perceptual salience continuum. However, even if people
with CHI do perceive an article before a noun, the fact that de and het are situated close to
one another on the continuum may lead to perceptual confusions. Thus, the perceptual deficit
may explain the dual error pattern in the use of definite articles that is observed in our data.
Additionally, inconsistencies in the intake of article-noun combinations in CHI individuals may
affect the establishment of noun gender knowledge.

If noun gender knowledge is affected by CHI, this will also appear in the correct use of pronoun
reference: gender knowledge of the antecedent is needed to select the correct form of personal,
demonstrative, and certain relative pronouns in Dutch. In a study with CHI children acquiring
Dutch, the correct use of personal pronouns, depending on the gender of the antecedent,
appeared to be problematic (Verbist, 2010). In the current study, however, both error categories
that depend on noun gender knowledge (incorrect determiner and pronoun error) did not
yield significant differences between NH and MSCHI adults. Future research in a larger group
could shed additional light on possible difficulties in noun gender knowledge as a long-term
result of CHI.

From the first part of this discussion, it is clear that perceptual prominence may account for
errors in verb agreement, noun plural marking, and determiner use. The perceptual salience
continuum is less suitable to explain the adverb errors, because of the wide variation in
phonological constitution of Dutch adverbs. Therefore, we will discuss general audibility and
grammatical complexity as possible explanations for the adverb errors in MSCHI adults. These
two aspects are considered because audibility of a specific adverb may influence its intake,
which in turn may put extra strain on the acquisition of its correct use, especially when the
use is relatively grammatical complex. To our knowledge, problems with the use of adverbs in
hearing-impaired people have not yet been reported. The MSCHI adults in this study produce
most errors in the use of regular adverbs of time, place, and modality. Omissions, insertions,
and substitutions occur. In Dutch, adverbs vary in their phonological constitution and may
receive stress in speech. Thereby, general audibility of adverbs of time, place, and modality
cannot account for the observed errors. Regarding its grammatical complexity, the use of
regular adverbs of time, place, and modality is not considered to be a complex issue in Dutch.
Therefore, the observed errors in MSCHI adults in the use of those adverbs cannot be explained
by their acoustical characteristics, nor by the grammatical complexity of adverb use. In the
use of pronominal adverbs, errors on both parts, i.e., the locative part and the prepositional
part, were observed. Exploring the data, general stress patterns in pronominal adverbs (as
described by van der Horst, 1997), do not predict nor explain the observed errors. Thus, errors
on pronominal adverbs seem not to be explained by their general audibility. However, the use
of pronominal adverbs is considered a complex issue in Germanic languages (Belz, 2005; van
Canegem-Ardijns & van Belle, 2005): a set of restrictions applies to the formation of pronominal
adverbs, while a number of rules defines whether the two parts that constitute a pronominal

44



Spoken language production

adverb can be split or have to be conjointly used. Because the linguistic intake is affected by
CHI, the acquisition of this grammatically more complex aspect of language may in turn be
hindered. If this consequence of CHI is not resolved in the acquisition process, this might be
an explanation for the lower performance of MSCHI adults in the correct use of pronominal
adverbs. Considering the use of the adverb erin all its functions, general audibility and relative
grammatical complexity may both account for the performance problems in MSCHI adults: the
adverb eris an unstressed and acoustically low salient monosyllabic word and its use is known
to be a complex issue to master. However, more research regarding this topic is needed to draw

more specific conclusions.

Regarding the use of inflection, one could ask whether or not the observed errorsin the language
output of MSCHI adults result from an underlying deficit in the mastery of the morphological
paradigm. The observed inconsistency in morphological marking of MSCHI adults may answer
this question: their performance is variable, i.e., errors on a syntactic structure are made
in one utterance, while the given structure is produced correctly in another utterance. This
observation suggests a reduced performance on inflection rather than reduced competence:
grammatical paradigms seem to be adequately acquired, but are not correctly applied on every
occasion. Bishop (1994) observed a similar variable performance in grammatical inflection in
children with SLI. She proposed a ‘vulnerable markers hypothesis’ to account for this variable
performance: despite an adequate level of competence, conditions that put extra strain on
the processing capacity of the speech production system may result in performance errors.
In her study, the amount of speech output already generated in an utterance seemed to
increase the probability for a grammatical error to occur further on. For the current data set,
Bishop’s explanation may be applicable as well: surface characteristics of bound morphemes
affect the establishment of the grammatical paradigm in individuals with MSCHI, resulting in
vulnerability of these specific markers when the speech production system is strained. The
cognitive demands of the task we used to elicit language in expository discourse, which are
not uncommon in everyday life communication, could strain the speech production system of
our participants. As a consequence of this extra strain, performance limitations in the MSCHI
adults may be triggered to emerge. Additionally, errors could be more likely to occur in certain
linguistic conditions, as was studied by Bishop (1994). An in depth exploration of the linguistic
conditions that may influence accuracy in our data, however, is outside of the scope of this
article.

Thelinguistic performance ofthe MSCHI participantsinthis study was comparedto chronological
age and degree of congenital hearing impairment by means of correlation analysis. Significant
relations were found between degree of CHI and several variables of morphosyntactic
correctness. None of the studied variables correlated with chronological age. These results
indicate that when age no longer accounts for differences in linguistic performance, as in our
adult population, the effect of differences in CHI on linguistic performance surfaces: the more
severe the degree of CHI for a participant, the more morphosyntactic errors occur in the speech
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sample. Our data are in accordance with the study of Delage and Tuller (2007) and support
their hypothesis that the specific effect of CHI on linguistic skills only becomes apparent once
language development is completed, i.e., from adolescence onwards. Next to this, the role
of auditory perception in the acquisition of morphosyntax is reflected in the correlation with
degree of CHI, as well as in the specific error patterns of MSCHI adults. Most observed errors are
(at least partly) accounted for by perceptual salience, thereby emphasizing the importance of
an undistorted intake of the language.

So far, we discussed the significant differences found in the linguistic performance of MSCHI
adults compared to NH adults. The results lead to the conclusion that moderate to severe
congenital hearing impairment in the long term may lead to a lower level of performance in
the obligatory use of determiners and of bound morphemes and adverbs in Dutch, compared
to NH adults. One could ask whether the differences found were not (partly) caused by
differences in level of education. A higher level of education can be considered as an indicator
for higher cognitive abilities, and may thereby raise expectations about a person’s linguistic
skills. In the CHI population, however, level of education might be compromised by the hearing
loss. Nevertheless, differences in level of education do not seem to account for the observed
differences in linguistic performance between the two groups: MSCHI adults on average had
a higher level of education than the NH adults. Assuming that this higher level of education
reflects a higher level of cognitive skills in the MSCHI group, the average linguistic performance
of the MSCHI participants would benefit from this difference. The observed differences in the
language performance of the MSCHI adults compared to NH adults may therefore even be an
underestimation of the real difference.

For the measures of syntactic complexity and the morphosyntactic measures that were not
yet addressed in this discussion, no group differences were found. However, in the literature
on language of CHI children and adolescents, errors on prepositions and on the use of verbs
have been reported: deletion of main or auxiliary verbs occurred relatively frequently in the
language of CHI children (Elfenbein et al., 1994), as well as preposition errors (Elfenbein et
al., 1994; McGuckian & Henry, 2007). Our findings in MSCHI adults are in contrast with these
results. Cross-linguistic differences between English and Dutch do not seem to account for this
difference. Hence, the present results may imply that deficits in the use of main or auxiliary
verbs and prepositions in CHI children disappear with age.

On utterance length and subordinate clause production, the measures of syntactic complexity
that were used, no significant differences were found between MSCHI and NH adults. In
accordance with Nippold et al. (2005a), this observation indicates that the participants in both
groups have reached an adult level in syntactic complexity. The absence of differences in the
syntactic complexity indicates that earlier observed delays in the syntactic development of
Dutch CHI children as measured with MLU (Hammer, 2010) seem to disappear with age.
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Based on the analyses of language samples, subtle but specific problems in the language
production of the MSCHI adults become apparent. Though subtle, these problems are relevant
because they could affect the ease of communication of an MSCHI adult. Likewise, the ease with
which people in the environment comprehend what a person with MSCHI is communicating
could be affected as well. Further research should determine whether our data may contribute
to add focus in speech therapy of young hearing-impaired children: it is plausible that early and
specific attention to the linguistic aspects on which the MSCHI adults in our study showed a
lower performance can prevent permanent weaknesses in performance at an older age.

This explorative study yields new findings regarding the long-term effects of MSCHI on
linguistic skills in the Dutch language. However, this study has some limitations. As described
in the method section, a drawback of the elicitation task for expository discourse was the
inequality in the collected sample sizes. A ratio was used to rescale the parameter values as
a compensation for sample size differences. This procedure allows group comparisons, but
introduces uncertainties in the data: the measurement error of a single parameter value is
influenced by the sample size. Unfortunately, no data are available to estimate the variance
of the random error in the adult population, so it is not possible to evaluate the effect of this
procedure. However, we assume that the variance of this random error is smaller than the
variance in parameter values within the group. This justifies the procedure. Further research is
needed to outline the scope and reliability of analysis of language samples from adults as used
in this study.

To obtain detailed information on the morphosyntactic skills of the participants, their errors
were categorised into alarge number of categories, making multiple testing of group differences
necessary. Given the explorative nature of the current research and the broad scope, we chose
to present the significant p-values in the results section without performing a correction for
multiple testing. With a more critical a-value after Bonferroni correction (a = 0.004), differences
would no longer be found. However, four out of thirteen error categories showed a p-value
smaller than 0.05 in the group comparison, which is more than could be expected as error of
the first kind (i.e., one out of twenty when a = 0.05). However, the results of this study have to
be duplicated in future research to qualify its conclusions.

CONCLUSION

In this study, the language performance in Dutch of 10 normal-hearing adults (NH) and 20
adults with moderate to severe congenital hearing impairment (MSCHI) was evaluated. Data
on elicited language samples in Dutch show long-term effects of MSCHI in the domain of
morphosyntax: MSCHI may lead to a persisting lower level of mastery of the determiner use
constraint and a lower level of performance in the use of bound morphemes and adverbs,
compared to NH adults. The morphosyntactic correctness of the linguistic output of the
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MSCHI participants appears to be related to degree of congenital hearing impairment, and not
to chronological age. If the observed morphosyntactic problems in the performance of the
MSCHI adults are caused by the distorted intake from birth onwards, studying the end state
of language yields insights into how a specific factor like CHI has influenced the acquisition
process that preceded.
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ABSTRACT

Objective: To examine whether moderate to severe congenital hearing impairment (MSCHI)
leads to persistent morphosyntactic problems in the written language production of adults, as
it does in their spoken language production.

Design: Samples of written language in Dutch were analysed for morphosyntactic correctness
and syntactic complexity.

Study Sample: 20 adults with MSCHI and 10 adults with normal hearing (NH)

Results: Adults with MSCHI did not differ from adults with NH in the morphosyntactic
correctness and syntactic complexity of their written utterances. Within the MSCHI group, the
number of morphosyntactic errors in writing was related to the degree of hearing impairment
in childhood.

Conclusions: At the group level, MSCHI does not affect the morphosyntactic correctness of
language produced in the written modality, in contrast to earlier observed effects on spoken
language production. However, at the individual level, our data suggest that adults who
acquired their language with more severe auditory limitations are more at risk of persistent
problems with morphosyntax in written language production than adults with a lower degree
of hearing impairment in childhood.
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INTRODUCTION

For adults’ participation in daily life, adequate communication in both speech and writing is
important. Writing differs from speech as it can be planned and changed through revision
before someone reads it. Whereas typically developing children acquire full mastery of
spoken language without explicit instruction, mastery of written language requires formal
instruction. In alphabetic writing systems, phonological awareness plays an important role.
Because the acquisition of a spoken language, the development of phonological skills, and the
comprehension of oral instructions all depend on auditory perception, development of literacy
is at risk in people who are born with hearing impairment (Moeller et al., 2007). Thus far, little
is known about the long-term effects of moderate to severe congenital hearing impairment
(MSCHI) on writing achievement in adults. Therefore, in addition to earlier published data
on the effect of congenital hearing loss on the spoken language production of an adult
population with MSCHI (Huysmans et al., 2014), this article examines the impact of MSCHI on
the morphosyntactic correctness of Dutch language production in the written modality in the
same study population. Hence, the performance of a group of adults with MSCHI is compared
to the performance of a reference group with adults with normal hearing (NH).

When a child has congenital hearing impairment (CHI), the development of an oral language is
at risk. The linguistic area of morphosyntax was found to be most vulnerable when language
is acquired with degraded auditory input (e.g., Tomblin et al., 2015), while deficiencies in
phonology, lexicon, and pragmatics were reported in CHI children as well (see Moeller et al.,
2007, for an overview). Difficulties in phonology and morphosyntax were shown to persist into
adolescence in a population with mild to moderate CHI (Delage & Tuller, 2007). In the adults with
moderate to severe CHI of the current study, morphosyntactic problems in the production of
spoken language were confirmed to persist into adulthood (Huysmans et al., 2014). Research
has shown that inter-individual differences of the consequences of hearing impairment in
childhood on linguistic abilities can (partly) be explained by ‘the inconsistent access account”:
factors that define the extent to which access to and perception of language is affected, predict
individual language outcomes (Moeller & Tomblin, 2015). In a large study in children with mild
to severe hearing loss, the severity of the hearing impairment in childhood was shown to be
one of these factors, as well as the outcomes of auditory rehabilitation (Tomblin et al., 2015).
In the studies with adolescents (Delage & Tuller, 2007) and adults (Huysmans et al., 2014), the
degree of CHI was related to the participants’ morphosyntactic abilities. As the current study
concerns the same study population as in Huysmans et al (2014), we now examine whether the
degree of CHI is also associated with the MSCHI adults’ language production performance in
the written modality.

Deviancies in the linguistic performance of adults with MSCHI may be associated with their
hearing ability during language acquisition, but also with their hearing ability at the moment
of assessment. In a separate study, we examined these two possible sources of impediment
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by comparing performance in spoken language production of NH adults, adults with MSCHI,
and adults who acquired hearing impairment (AHI) after childhood (Huysmans et al., 2016).
Whereas the MSCHI adults did not differ from the AHI adults in their hearing ability at the
moment of testing, they differed in hearing ability during language acquisition: AHI adults
were normal-hearing when acquiring language, while MSCHI adults were not. In contrast to
the adults with MSCHI, who made more errors in their spoken output than the NH adults, the
AHI adults performed within the range of the NH adults. This finding implies that deviancies in
the spoken performance of adults with MSCHI are likely to be attributed to auditory limitations
during language acquisition, and not to perceptual limitations at the moment of testing.
Studying which linguistic difficulties persist into adulthood in a population with CHI yields
valuable information about the language-specific structures that are particularly vulnerable
when language is acquired with impaired hearing. This information, derived from adults, may
advance the selection of specific goals for language rehabilitation in young hearing-impaired
children, and is relevant for clinical practice. Hence, examining the linguistic performance of
adults with CHI is of additional value to the research in the field.

Earlier, the MSCHI adults of this study showed specific difficulties in their spoken production of
Dutch with the use of determiners in an obligatory context, present tense markers, and adverbs
(Huysmans et al., 2014). This error pattern seemed to reflect the selective effect of the adults’
hearing impairment on the acquisition of Dutch morphosyntax. Because grammatical markers
that are low in auditory perceptual salience (i.e., linguistic structures that are hard to hear) are
at risk when acquired with degraded auditory input (McGuckian & Henry, 2007; Svirsky et al.,
2002), this could explain errors in the use of low salient markers like Dutch determiners, present
tense markers, and the adverb er. In addition, language-specific aspects that are grammatically
relatively complex may be more difficult to acquire when the intake of linguistic input is affected
by hearing impairment. This could explain errors in the correct use of pronominal adverbs,
as this is considered to be a complex issue in Germanic languages (Belz, 2005; van Canegem-
Ardijns & van Belle, 2005). The impact of MSCHI on spoken language production was not only
characterised by its selectivity, but also by the adults’ variability in performance: a specific
morphosyntactic structure was used correctly in one utterance, while an error was made in
another utterance. Huysmans et al. (2014) interpreted this finding in view of the ‘vulnerable
marker hypothesis’, formulated by Bishop (1994) when discussing the linguistic performance
of children with specific language impairment. According to this hypothesis, problems in
the expression of morphosyntactic markers that are vulnerable in the process of language
acquisition may surface when communication demands challenge the language production
system. For the MSCHI population, the rationale of the vulnerable marker hypothesis thus
predicts that errors in language production under straining conditions are not random, but
reflect aspects of morphosyntax that are vulnerable when acquired with degraded auditory
input. We now examine whether these selective morphosyntactic difficulties also surface in the
MSCHI adults’ language production in the written modality.
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The impact of CHI on the written language production of adults has been the topic of a limited
number of studies. Earlier research has focused on adults with a more substantial degree of
CHI than the participants in the current study, some of them using a sign language as well
as a spoken language for communication. Fabbretti et al. (1998) studied samples of written
language in adults with profound CHI who used Italian and Italian Sign Language and had
relatively low familiarity with written discourse. In their data, specific difficulties in the written
language production of the adults with profound CHI reflected the impact of the participants’
auditory limitations on the access to and the acquisition of grammatical morphology. The adults
with profound CHI produced significantly more errors than NH adults and showed a selective
difficulty with grammatical aspects of Italian that can only be identified through hearing, while
visual information s less reliable. Compared to the performance of NH adults who were bilingual
in Italian and Italian Sign Language, the errors in the writing of adults with profound CHI could
not be explained by interference from Italian Sign Language. Compared to the performance of
NH adults with poor schooling, limited experience with written Italian could not solely account
for the hearing-impaired adults’ error pattern either. Thus, this research showed that problems
in the use of grammatical aspects that are difficult to perceive auditorily, surface in the written
language production of adults with profound CHI. Vollmann et al. (2002) analysed faxes written
in German that were sent to health services by adolescents and adults (ranging in age from 15
to 60 years) with prelingual deafness. Analysis comprised identification of errors on lexicon,
morphology, and syntax. In the written language samples, errors in nominal morphology
were most apparent, followed by errors in verbal morphology, and then in syntax. Their data
confirmed that the deployment of morphosyntax in written language production is vulnerable
in individuals with CHI. The authors did not discuss the possible influence of knowledge of the
grammar of a sign language on the deployment of morphosyntax in the written representation
of the oral language. For the Dutch language, as assessed in the current study, earlier research
was done on the writing of children (11 and 12 years), adolescents (15 and 16 years), and adults
with severe to profound CHI (van Beijsterveldt & van Hell, 2010). The participants varied in their
level of proficiency in Sign Language of the Netherlands. Analysis of the participants’ writing
focused on noun phrase morphosyntax, as this aspect is known to be difficult for deaf children
to acquire. In the written samples of the subjects with severe to profound CHI, errors in noun
phrase morphology occurred more often than in the written samples of their NH peers. The
CHI subjects’ error rate decreased with age, but errors nevertheless persisted into adulthood.
Interference from sign language grammar on noun phrase morphosyntax was observed in the
performance of the children and adolescents, but not in the adults’ performance. Differences
in the linguistic background of the age groups were hypothesised to account for this finding.
In their writing, subjects with severe to profound CHI showed a significant number of noun
phrase-internal errors like omissions of obligatory articles and determiner errors regarding
gender or number agreement. Moreover, the CHI subjects often omitted noun phrases in
obligatory contexts. These three error categories are also included in the assessment of the
current study. Thus, we expect our data to reveal whether problems of this kind also hold for
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adults who acquired Dutch with less severe auditory limitations and who have no knowledge
of a sign language. Overall, previous research thus confirms that morphosyntactic correctness
in written language production is prone to be affected by severe to profound CHI, while
the specific errors reflect the consequences of auditory limitations on the acquisition of
grammatical morphology.

Language production in the spoken and written modality differ in linguistic processing and
cognitive demands. When comparing models on language production processing in the two
modalities (Chenowith & Hayes, 2001; Levelt, 1999), one can derive that writers may benefit
from modality-specific conditions that release strain on the processing capacity of the language
production system: language production through writing is less restricted in time than spoken
language production, and processing in writing is performed in recurring cycles of revision
until the writer is satisfied with the output (Chenowith & Hayes, 2001). The offline character
of writing allows for the deployment of explicit linguistic knowledge, offering the writer an
additional tool to optimize the output (Williams, 2012). These modality-specific benefits lead
to the prediction that errors are less likely to occur in writing than in speech. The output that
results from speaking and writing also generally differs with regard to syntactic complexity:
utterances in the written modality are generally syntactically more complex than in the
spoken modality (Poole & Field, 1976; Redeker, 1984). Higher syntactic complexity in written
language production is assumed to increase pressure on morphosyntactic correctness. Hence,
the written language samples of the participants in this study are additionally examined for
syntactic complexity. Analysis includes a paired comparison for the outcomes for syntactic
complexity between modalities to examine the hypothesis that participants’ utterances are
syntactically more complex in writing than in speech.

Summarizing, previous studies in adults with severe to profound CHI have found error patterns
in writing that are assumed to reflect the impact of the participants’ auditory limitations on
the acquisition of grammatical morphology. The current study examines whether comparable
effects are found in the writing of a group of adults with moderate to severe CHI by comparing
their performance to that of a NH reference group. In the MSCHI population of this study, earlier
research has showed selective morphosyntactic difficulties in spoken language production
with aspects that are at risk when acquired with degraded auditory input. The current study
focuses on these apparent vulnerable markers and examines whether these specific difficulties
also occur in the written language production of the MSCHI adults. In addition, within the
MSCHI group, we examine whether the frequency of occurrence of morphosyntactic difficulties
is associated with the degree of CHI.
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MATERIALS AND METHOD

Participants

The data of this study were collected from the same group of subjects as in the earlier study
on spoken language production (Huysmans et al., 2014). An overview of the participant
characteristics is given in Appendix A. In the reference group with normal hearing (NH), 10
adults participated (7 females, 3 males), with a mean age of 25 years (range 20 to 34 years, SD =

5years). In all NH participants, the pure tone average (PTA, » .., mean hearing threshold

0.5, 1,2 kHz
at 0.5, 1, and 2 kHz) did not exceed 20 dB HL at the best ear. The group of participants with
moderate to severe congenital hearing impairment (MSCHI) consisted of 20 adults (10 females,
10 males), with a mean age of 28 years (range 20 to 45 years, SD = 7 years). In the MSCHI group,
the participants’ first known PTA . , ... of the best ear (unaided) ranged from 37 to 93 dB
HL (mean = 64 dB HL; SD = 19 dB HL). Because the aim of the study was to examine whether
moderate to severe hearing impairment in infancy and childhood influences the linguistic
performance in adults, anamnestic or audiometric indications were required to support the
assumption that a participant was born with bilateral moderate to severe hearing impairment.
The terms ‘moderate to severe’ in the abbreviation MSCHI thus refer to the level of congenital
hearing impairment, reflecting the auditory possibilities during the critical period for language
acquisition. All participants reported to have been diagnosed with hearing impairment during
the first years of life, between the age of 9 months and 4;6 years, and all reported that their
hearing was not better before diagnosis. All but one? received hearing aids before the age
of 5. Sixteen MSCHI participants received speech and language therapy during childhood to
support their language development. Part of the subjects attended schools for children with
hearing impairment, while others attended mainstream schools (see Appendix A for details).
At the moment of participation in this study, the MSCHI participants’ best ear PTA; . , .,
(unaided) ranged from 35 to 108 dB HL (mean = 77 dB HL; SD = 22 dB HL). All participants
used hearing aids or a cochlear implant. Participants were raised in Dutch in a monolingual
context, used spoken language to communicate in daily life, and reported not to have been in
contact with users of a sign language during their school years®. Consequently, the participants’

1 Giventhe age of the participants, collection of audiometric data to define the level of hearing impairment
early in life was not always successful. For 16 of 20 participants, audiometric data were available to define
their level of hearing impairment early in life. For the other 4 participants, data for the level of hearing
impairment at a young age were derived from more recent audiometric data as they indicated that their
hearing loss had not changed since childhood. The variable ‘First known PTA . ... of the best ear’in
the MSCHI group therefore reflects oldest available (n = 16) or derived (n = 4) data.

2 One participant did not use hearing aids until the age of 18 because of a steep slope in his audiogram.

3 Inthe period in which the MSCHI participants of this study attended primary and secondary school, sign
language was not used in Dutch schools for the hearing-impaired to interact with children who did not
have profound hearing impairment.

57



Chapter 3

development of Dutch was not influenced by the grammar of another language. Participants
for the NH group were included according to their level of education to reflect the distribution
of levels of education within The Netherlands (CBS, 2010). For the MSCHI group, our options
for inclusion based on level of education were rather limited because of the relatively low
number of candidates. Hence, the groups differ in the distribution of level of education of the
participants. This may influence the outcomes of group comparisons for writing performance,
as written language production is established following instruction in an educational context.
An additional analysis was therefore carried out to examine the effect of level of education on
the outcomes. NH participants were recruited through advertisements on flyers and posters.
Participants with impaired hearing enrolled in the study after accepting an invitation of the
audiology clinic where they were patients. The ethics committee of the VU University Medical
Center Amsterdam approved the study. All participants provided written informed consent.

Method

By filling out a questionnaire, participants provided information regarding their hearing, their
educational career, and the linguistic region in which they grew up. They were assessed with
a task eliciting spoken language production (i.e., Favourite Game or Sports Task (Nippold et
al.,, 2005a)) and with a task eliciting written language production, both encouraging the
use of expository discourse, i.e., a genre in which language is used “to explicate facts and
share complex knowledge in extended discourse units” (Paul, 2010, p. vii. Compared to
conversational or narrative discourse, expository discourse is known to elicit syntactically more
complex language in both modalities (e.g., Berman & Nir-Sagiv, 2004; Nippold et al., 2005a;
Nippold et al., 2008; Schick, 1997; Verhoeven et al., 2002) and is a more sensitive detector of
syntactic deficits in the spoken modality (Nippold et al., 2008; Scott & Windsor, 2000). Details of
the elicitation procedure for spoken language production are given in Appendix E. To obtain a
sample of written language production, the participants were asked to write a reaction to the
following prompts:

1. You get the chance to go on a holiday and can pick two people to join you. Which
two persons would be the best to accompany you? Explain why you would pick them.
Imagine your passport and money were stolen on your trip. What do you think the
others would do?

2. InJanuary 2010, a heavy earthquake occurred in Haiti. Approximately 200,000 people
died and many buildings and roads were destroyed. In February, a travel agency offered
tours to the disaster area, so tourists could see for themselves how the people in Haiti
were rebuilding their facilities. What do you think of this? Do you consider it to be right
or wrong that these tours were being offered? Give arguments.
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The first prompt is derived from an exercise to elicit written expository output from high
school students (TheWritingSite, 2009) (content is given in Appendix F). The second prompt
was inspired by Berman and Verhoeven (2002), who used a moral conflict to elicit expository
discourse. Participants were asked to answer each question in approximately 200 words,
using a computer and word processing software. After 30 minutes, the task was ended by the

researcher.

Analysis of the language samples

Except for modality-specific procedures concerning segmentation and spelling, the method
used to analyse the morphosyntactic correctness and syntactic complexity of the written
language samples was identical to the method used to analyse the spoken language samples
(Huysmans et al., 2014). The same parameter set was used in both modalities, as the assumption
was made that language production in writing and in speech could be evaluated analogously.
In both modalities, samples were segmented into utterances, based on the grammatical
structure of the output: an utterance was defined as one independent clause with all attached
subordinate clauses, which is equal to the definition of a T-unit by Hunt (Hunt, 1970). For the
written modality, this implies that segmentation was carried out independently of the writer’s

own punctuation.

In line with earlier research (Nippold et al., 2005b; Verhoeven et al., 2002), the syntactic
complexity of the written utterances was assessed using mean length of utterance in words
(MLU), clausal density (i.e., the average number of independent and subordinate clauses per
utterance), and the occurrence of three types of subordination as indicators. Subordination use
was expressed as the percentage of utterances containing one or more relative clauses (e.g.,
‘| forgot the money that we had lost.'), one or more nominal clauses (e.g., ‘I knew that he was
there."), and one or more adverbial clauses (e.g., ‘When you go there, you should help people.)
(Nippold et al., 2005b).

For the analysis of morphosyntactic correctness, all morphosyntactic errors that could not be
attributed to the violation of an orthographic spelling rule were counted. Errors in spelling (i.e.,
typing errors or errors in conversion of a phoneme into a grapheme) were disregarded and
thus not counted for further analysis. As a general indication of morphosyntactic correctness,
the total number of morphosyntactic errors in the written sample was calculated, as well as
the number of utterances containing one or more morphosyntactic errors (i.e., number of
ungrammatical utterances). Then, all morphosyntactic errors were categorised into fifteen
error categories (see Appendix G for examples), analogously to the error categories used in the
analysis of spoken language production (Huysmans et al., 2014): (1) subject-verb agreement
error in the present tense, (2) past tense inflection error, (3) past participle inflection error, (4)
omission of a main verb, (5) omission of an auxiliary or copula verb, (6) omission of a noun phrase
(subject or object), (7) word order error, (8) omission of a determinerin an obligatory context, (9)
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incorrect determiner?, (10) suffix error (other than finite verb morphemes), (11) preposition error,
(12) pronoun error (personal, demonstrative, reflexive, and relative pronoun), (13) adverb error,
(14) conjunction error, (15) other morphosyntactic errors. The error categories either reflected
common errors in the acquisition stage, i.e., (1) to (9) (van den Dungen & Verbeek, 1999), or were
used in studies on the spoken performance of children and adolescents with CHI, i.e., (10) to (12)
(adopted from the study of Elfenbein et al., 1994). Three more variables were added to cover all
observed errors, i.e., (13) to (15).

Calculation of the parameter values

The writing assignment contained a predefined set of questions and the length of the response
to each question was targeted in words. This resulted in variation between participants in the
number of utterances of the written sample (further referred to as ‘sample size’). To allow group
comparisons, the values of the parameters for morphosyntactic correctness were rescaled to a
ratio using sample size (i.e., number of errors / sample size * 100), which is a common procedure
in language sample analysis (Scott & Windsor, 2000). The outcomes for syntactic complexity did
not need rescaling, as they were, by definition, calculated as ratios relative to the sample size®.

Reliability of the analyses

An experienced clinical linguist reanalysed ten percent of the samples (as in Scott & Windsor,
2000) to examine the reliability of the analyses. Segmentation and analytical judgements of the
two coders were compared, yielding a good reliability. The mean percentage agreement for
all variables was 98.06%. For the individual variables, the percentage agreement varied from
94.51% to 100%.

4 In contrast to the method of van den Dungen and Verbeek (1999), errors in adjectival inflection were
separated from the category ‘incorrect determiner’ (9) and added to error category (10) (‘other suffix
errors than verb morphemes’), because a common cause for these errors cannot be assumed in adult
language.

5 The authors are aware of ongoing discussions concerning the reliability of MLU to identify language
impairment in children (see Eisenberg et al, 2001, for a review). The effect of sample size on MLU has
been a topic of debate, as well as the unit for counting MLU (i.e., words versus morphemes) (Oosthuizen
& Southwood, 2009). The current study, however, does not aim to assess language impairment in
individuals, but uses MLU to compare the syntactic complexity of adults’ written samples in a group-
based comparison. Given this purpose, MLU is an appropriate choice. Additionally, the use of MLU in
words as a measure of syntactic complexity is in line with earlier research (see Nippold et al, 2005a, 2008).
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RESULTS

Sample size of the written output

Between subjects in the NH group, the sample size of the written output (i.e, number of
utterances in the sample) ranged from 13 to 34 utterances, with a median of 27.0 utterances.
In the MSCHI group, the sample size ranged from 14 to 37 utterances, with a median of 28.5
utterances. Because sample size values did not show a normal distribution, a non-parametric
test was used to evaluate group differences. This yielded no significant difference in sample size
between the NH and MSCHI group [Mann-Whitney U = 126.500; n,,, = 10, n =20; p > 0.05].

MSCHI

Syntactic complexity of the written output

Figure 1 shows the median score and interquartile intervals for the measures of syntactic
complexity of the written output for the NH and MSCHI group. As a reference point, the group
data for these measures in the spoken language samples (Huysmans et al., 2014) are added to
Figure 1.
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Figure 1: Group scores for the measures of syntactic complexity for the spoken (S) and written (W)
modality. Group median, interquartile levels, and 10% and 90% intervals are indicated (n,,, = 10, n
20). One group comparison yielding a significant difference is marked (* p < 0.05).
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To examine whether the groups differed in syntactic complexity of the utterances in the written
samples, non-parametric group comparisons were done. The outcomes are given in Table 1.
No significant group differences were found between the NH and MSCHI group for MLU in
words, clausal density, relative clause use, and adverbial clause use. For nominal clause use, a
significant difference between groups was found, indicating that relatively more utterances of
the NH adults contained a dependent nominal clause.

Table 1. Results of non-parametric tests for group comparisons for all measures of syntactic complexity
and morphosyntactic correctness

Variable Group comparison
(MSCHI vs. NH)
M-W U p
Mean length of utterance in words 65.0 0.13
Clausal density 82.0 0.45
Relative clause use 68.5 0.7
Adverbial clause use 81.5 0.42
Nominal clause use 54.5 0.04*
Ungrammatical utterances 106.0 0.81
Morphosyntactic errors 107.0 0.78
Omission of a main verb 77.5 0.18
Subject-verb agreement error 86.5 0.56
Omission of an auxiliary of copula verb 120.0 0.40
Omission of a noun phrase 100.0 1.00
Word order error 104.0 0.88
Omission of a determiner 118.5 0.42
Incorrect determiner 121.5 0.35
Other suffix error 106.0 0.81
Preposition error 121.0 0.37
Pronoun error 113.5 0.56
Adverb error 99.5 0.98
Conjunction error 87.0 0.59
Other errors 101.5 0.95

Ny, =10,n,, ., =20;M-W U= Mann-Whitney U; The one significant difference is marked (Asymptotic Sig.
(2-sided test): *p < 0.05); MSCHI, moderate to severe congenital hearing impairment; NH, normal hearing

To examine the hypothesis that participants’ utterances were syntactically more complex in
writing than in speech, the outcomes in the spoken and written modality of two measures
of syntactic complexity (MLU in words and clausal density) were compared within groups.
Non-parametric Wilcoxon matched pairs tests revealed a greater complexity in writing than in
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speech for both measures within both groups (NH: Wilcoxon Z = 55.000; p < 0.01 for both MLU
and clausal density; MSCHI: Wilcoxon Z = 208.000; p < 0.01 for both MLU and clausal density;
Ny = 10, N, = 20). This finding implies that the morphosyntactic outcome values for the
participants’ written output in the following paragraph generally stem from syntactically more

complex utterances than the outcomes from their spoken output.

Morphosyntactic correctness of the written output

Figure 2 shows the median score and interquartile intervals for the measures of morphosyntactic
correctness of the written output for the NH and MSCHI group. Errors on past tense and past
participle inflection did not occur in the language samples and are therefore not included in
Figure 2. As a reference point, we have added the group data of the morphosyntactic outcome
measures of the spoken language samples (Huysmans et al., 2014) to Figure 2.
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Figure 2: Group scores for the morphosyntactic measures for the spoken (S) and written (W) modality.
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sample * 100). Group comparisons yielding a significant difference are marked (* p < 0.05; ** p < 0.01).
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Given the nature of the morphosyntactic error measures, with scores close to 0 as most
frequently occurring values, the outcomes showed a positively skewed distribution. Therefore,
group comparisons were done with non-parametric tests, yielding outcomes as represented in
Table 1. For the written data, no group differences were found for any of the morphosyntactic

measures.

Effect of level of education on group comparison for number of morphosyntactic errors

To examine whether the level of education, categorised into three categories in line with CBS
(2010), had an effect on the group comparison for one of the general morphosyntactic measures
(i.e.,, number of morphosyntactic errors), additional analysis was done. Linear regression analysis
using logarithmic transformed values for number of morphosyntactic errors as the dependent
variable and group (NH / MSCHI) as determinant confirmed the absence of a significant relation
between the two (R* = 0.003; B, = 0.109; p = 0.772; N = 30). When level of education was added
into the regression as an extra determinant, this factor did not have a significant effect (B, =
0.267; p = 0.455; N = 30). Differences between the groups in level of education could thus not
explain the absence of a difference between the groups in morphosyntactic correctness in
writing.

Associations between written morphosyntactic measures and the degree of CHI

Within the MSCHI group, we examined a possible association between the participants’
degree of CHI (first known PTA(
morphosyntactic errors in their written samples. Visual inspection of the data in scatter plots

05,12 iz FANGING from 37 to 93 dB HL) and the frequency of
showed that the variance in error scores within the MSCHI participants at the lower end of the
PTA s 1 211 F@NGE Was comparable to the variance in error scores within the NH group. However,

towards the upper end of the PTA ,range, the MSCHI participants’ error rates showed a

0.5, 1,2 kHz,
trend of increasing numbers of errors. This may imply that MSCHI only affects written language
performance when the degree of CHl is relatively high. The absence of group differences in error
rates may then be caused by the relatively large amount of participants with a lower degree
of CHI in the MSCHI study group. Spearman’s rho correlation analysis (see Table 2 for details)
showed that the degree of CHI correlated significantly with the two overall morphosyntactic
measures (i.e.,, number of ungrammatical utterances and number of morphosyntactic errors)
and with three specific error categories (omission of a determiner, incorrect determiner, and
adverb error). This analysis confirmed the visually observed trend: when a participant’s degree

of CHI was higher, more errors occurred in the written language sample.
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Table 2. Results of non-parametric correlation analysis within the MSCHI group between the measures
of morphosyntactic correctness and degree of congenital hearing impairment

Variable Analysis of correlation
with degree of CHI
ry p
Ungrammatical utterances 0.53 0.02*
Morphosyntactic errors 0.56 0.01**
Omission of a main verb 0.15 0.52
Subject-verb agreement error 0.32 0.17
Omission of an auxiliary of copula verb 0.45 0.05
Omission of a noun phrase 0.39 0.09
Word order error 0.39 0.09
Omission of a determiner 0.55 0.01*
Incorrect determiner 0.50 0.02*
Other suffix error 0.42 0.07
Preposition error 0.39 0.09
Pronoun error 0.36 0.12
Adverb error 0.59 0.01**
Conjunction error 0.38 0.10
Other errors -0.14 0.56
Nysc = 20 1 =Spearman’s rho correlation coefficient; Significant differences are marked (Asymptotic

Sig. (2-sided test): *p < 0.05, **p < 0.01); MSCHI, moderate to severe congenital hearing impairment

DISCUSSION

This study evaluated the performance of adults with moderate to severe congenital hearing
impairment (MSCHI) in written language production and examined whether morphosyntactic
correctness of written language production was associated with the degree of CHI within the
MSCHI group. At the group level, our results showed that problems with morphosyntactic
correctness that were observed in the spoken output of the MSCHI adults (Huysmans et al.,
2014) did not occur in their writing: using the same outcome parameters as in the analysis of the
spoken samples, no group differences were found between adults with MSCHI and adults with
normal hearing (NH) in the morphosyntactic correctness of their written output. Within the
MSCHI group, the occurrence of specific errors in the written output was associated with the
severity of the adults’ hearing impairment at a young age (degree of CHI). This association may
imply that long-term effects of CHI on written language production are only evident in adults
with more severe auditory limitations in childhood.

We explored several possible explanations for the absence of a difference between the MSCHI
and NH group in morphosyntactic correctness of the written output. First, we performed a
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group-wise comparison of the measures of syntactic complexity of the written language
samples. If the groups differed in this aspect, this would interfere with the group comparison
of morphosyntactic correctness, as syntactic complexity is assumed to influence the likelihood
for morphosyntactic errors to occur. Analysis showed that the groups did not differ in syntactic
complexity of the written language samples, except for the use of nominal subordinate clauses.
In general, the absence of a group difference in morphosyntactic correctness of the written
output could thus not be attributed to a group difference in syntactic complexity. The finding
that NH adults used more nominal clauses in their writing than the adults in the MSCHI group
is difficult to interpret. In the course of spoken language development, more frequent use of
nominal subordinate clauses indicates a lower level of syntactic attainment (Scott & Windsor,
2000), but little is known about how this finding should be interpreted when assessing syntactic
complexity in writing in mature language users. Second, as written language production
is established following instruction in an educational context, the generally higher level of
education of the MSCHI adults compared to the adults in the NH group could explain the
absence of group differences in writing. However, analysis of our data showed that this was not
the case. Differences between groups in distribution of level of education of the participants
did not explain the absence of group differences in morphosyntactic correctness. Third, visual
inspection of our data showed that the variance in the error rates within the NH group was
comparable to the variance in error rates between the MSCHI participants with a relatively
favorable degree of CHI, as expressed with their first known PTA. In contrast, adults with a
higher degree of CHI appeared to show higher error rates. This visually observed trend was
confirmed by a significant correlation between the degree of CHI and several morphosyntactic
error measures. The absence of a group difference in error rates between the NH and MSCHI
group may thus be caused by the relatively large amount of participants with a lower degree of
CHl in the MSCHI study group.

The association between the degree of CHI and the morphosyntactic correctness in writing
suggests that long-term effects of CHI on written language production could only be expected
in adults with a higher degree of CHI. Results of studies in adults with a more severe degree
of CHI than the adults in the current study support this prediction (Fabbretti et al., 1998;
van Beijsterveldt & van Hell, 2010; Vollmann et al., 2002). Furthermore, the relation we found
between the degree of CHI and morphosyntactic correctness of language production in both
modalities is in line with the inconsistent access account (Moeller & Tomblin, 2015): more limited
access to linguisticinput during language acquisition is predicted to result in more pronounced
effects on linguistic abilities.

When comparing the performance of the two groups in this study for their spoken and written
language production, it is striking that the groups differed in morphosyntactic correctness of
their spoken output while this group difference was not found in the written modality. Before
discussing differences in processing between modalities that could explain this performance
pattern, we first address the issue of how both groups performed in each modality. For the
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morphosyntactic parameters in which a group difference was found in the spoken modality,
the question arises whether the absence of group differences in the written modality is
accounted for by better performance of the MSCHI group in writing than in speech, or by
poorer performance of the NH group. When examining the morphosyntactic data in Figure
2, we noticed that subject-verb agreement errors occurred relatively frequently in the written
samples of the NH adults, while these occurred less frequently in their spoken language. This
may imply that no group difference was found for this category in the written modality because
the adults of the NH group made more errors in their writing. A more detailed inspection of
the type of errors within this category showed that the NH adults mainly made errors in verb
agreement with a compound subject (e.g., ‘als mijn geld en paspoort *is gestolen’ ‘if my money
and passport *is stolen’ (3SG instead of 3PL)) and so-called ‘attraction errors’ (Zandvoort, 1961)
(e.g., ‘als een groep toeristen daarheen *gaan om te helpen’ ‘if a group of tourists *go there to
help’ (3PL agreement with ‘tourists’ instead of 3SG agreement with ‘group’)). In the written
samples of the MSCHI adults, other types of subject-verb agreement errors appeared that did
not occur in the samples of the NH adults (e.g., ‘Wat ook erg handig is, is dat Paul goed Frans
en Spaans *spreek’ (deletion of —t suffix in 3SG verb) ‘What is really handy as well, is that Paul
*speak French and Spanish well")). This specific error type, i.e., omission of the inflectional suffix,
was also observed in the spoken language production of the MSCHI adults. This observation in
written language production may indicate that the currently used scope of this error category
possibly conceals actual differences between the MSCHI and NH adults in their performance
in the written modality. Future research including more specific analysis of different error
types within this category could examine this hypothesis. For the categories ‘adverb error’ and
‘omission of a determiner’, the data did not yield any leads to explain why group differences
were found in the spoken modality, but not in the written modality. Hence, we will now discuss
processing differences between the two modalities that could account for this performance
pattern.

For the MSCHI participants in this study, variability in their performance in spoken language
production was discussed in view of the vulnerable marker hypothesis (Bishop, 1994; Huysmans
etal.,2014).Inatask conditionin which the language production system was strained, the MSCHI
adults made errors in the application of specific morphosyntactic markers. The current data
showed that CHI-induced weaknesses in the use of specific markers while producing spoken
language did not surface in the written modality. Given the differences in language production
processing between the modalities, this may be associated with less strain on the language
production system in the writing task than in the task we used for eliciting spoken language.
Though the written samples showed greater syntactic complexity than the spoken samples in
both groups, which was expected to increase the strain on the written language production
system, this did not affect the correctness in writing. The vulnerable marker hypothesis thus
does not seem to apply to the writing task as used in this study: as writing has lower time
constraints than spoken language production and explicit knowledge may be consulted
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during cycles of revision, the observed difference in performance between modalities may be
determined by these processing characteristics. In future research, a writing task with more
restricting time constraints could be more sensitive to examine possible weaknesses in the
writing performance of MSCHI adults. Next to this, the use of software that registers all actions
of writing and revizing (e.g., Lindgren & Sullivan, 2002) could yield additional insights in the
processes that lead to the written output as analysed in this study.

In a clinical context, the findings of this study indicate that clinicians should be conscious of
possible weaknesses in the linguistic abilities of adults with CHI that are not apparent in all
contexts. When the language production systemis strained, vulnerabilities in the use of specific
morphosyntactic markers may surface, thereby possibly affecting the interaction. Furthermore,
in patients who were born with a considerable severity of hearing loss, it is more likely that
morphosyntactic weaknesses occur in their language production.

CONCLUSION

Our results showed that, at the group level, problems with morphosyntactic correctness that
were observed in the spoken output of the MSCHI adults (Huysmans et al., 2014) did not occur
in their writing. The observed difficulties in the spoken performance of the MSCHI adults were
hypothesised to reflect a MSCHI-induced vulnerability in the use of specific morphosyntactic
markers that are low in perceptual salience or relatively high in grammatical complexity.
This vulnerability resulted in performance problems when the language production system
was strained. Data of the current study showed that the observed vulnerabilities in spoken
language production did not surface in written language production. Given the differences
between the modalities in language production processing, it was discussed to be likely that
the lower demands of the written task put less strain on the language production system. As
a result, MSCHI-induced vulnerabilities in the use of morphosyntax did not surface in writing
like in speech. However, within the MSCHI group, morphosyntactic correctness of the written
output in adulthood was associated with the degree of auditory limitations in the period of
spoken language acquisition. At the individual level, this may imply that long-term effects of
MSCHI on written language performance may be evident in adults with a more severe degree
of CHI.
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Chapter 4

ABSTRACT

Purpose: Researchers have used the distortion-sensitivity approach in the psycho-acoustical
domain to investigate the role of auditory processing abilities in speech perception in noise
(van Schijndel et al., 2001a; Goverts & Houtgast, 2010). In this study, the authors examined
the potential applicability of the distortion-sensitivity approach for investigating the role of
linguistic abilities in speech understanding in noise.

Method: The authors applied the distortion-sensitivity approach by measuring the processing
of visually presented masked text in a condition with manipulated syntactic, lexical, and
semantic cues and while using the Text Reception Threshold (George et al., 2007; Kramer et al.,
2009; Zekveld et al., 2007) method. Two groups that differed in linguistic abilities were studied:
13 native and 10 non-native speakers of Dutch, all typically hearing university students.

Results: As expected, the non-native subjects showed substantially reduced performance. The
results of the distortion-sensitivity approach yielded differentiated results on the use of specific
linguistic cues in the two groups.

Conclusions: The results show the potential value of the distortion-sensitivity approach in
studying the role of linguistic abilities in speech understanding in noise of individuals with
hearing impairment.
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INTRODUCTION'

Reduced speech understanding in noise is a major complaint of individuals with hearing loss
(e.g., Kramer et al., 1998). The main reason for this disability is reduced hearing capacity and
auditory processing (e.g., Humes & Roberts, 1990). However, there is growing insight that
auditory factors are only partly responsible for these problems (e.g., Stenfelt & Rénnberg, 2009).
It has been shown that the ability to comprehend speech in challenging listening situations is
influenced by both bottom-up auditory and top-down cognitive capacities (e.g., Pichora-Fuller
et al., 1995). The most relevant cognitive functions affecting speech comprehension are the
speed of information processing, working memory, and the ability to use linguistic context
(e.g., Akeroyd, 2008; Kramer et al., 2009).

Various studies have demonstrated the importance of linguistic skills in speech understanding
in noise (e.g., van Wijngaarden et al., 2002; Cutler et al., 2004; Garcia Lecumberri & Cooke, 2006;
Zekveld et al., 2007). For instance, van Wijngaarden and colleagues (2002) showed a reduced
Speech Reception Threshold (SRT, Plomp & Mimpen, 1979) for non-native young listeners with
typical hearing (up to 7 dB decrement) as compared with native listeners. Current literature (e.g.,
Cutler et al,, 2004; Bradlow & Alexander, 2007; Cooke et al., 2008; Cutler et al., 2008) discusses
two explanations for this reduced non-native speech perception in adverse conditions:
reduced processing of bottom-up signal cues or reduced exploitation of knowledge-driven
information. Bradlow and Alexander (2007) found that non-native listeners require more signal
clarity than do native listeners to exploit semantic-contextual information. They conclude that
higher-level support for bottom-up derived information is available to non-native listeners, but
in a less effective way than to native listeners. Their suggestion is that experience-dependent
mistuning to linguistic structures ranging from sub-segmental levels to the more abstract
semantic, syntactic, and pragmatic levels might be a cause of this relative inefficiency.

Quantifying the role of linguistic skills in speech understanding in noise is especially important
in clinical audiological practice. Hearing impairment in early childhood can cause reduced
morphosyntactic, phonological, and lexical knowledge and skills because of quantitatively and
qualitatively reduced auditory input as well as reduced incidental learning (e.g., Delage & Tuller,
2007; McGuckian & Henry, 2007). Poor linguistic skills and knowledge - whether it is due to
hearing-loss or for some other reason —allow listeners with hearing impairment fewer resources
for compensation of lack of auditory information (R6nnberg, 2003; Stenfelt & Ronnberg, 2009).
Researchers in two studies (Dirks et al., 2001, and Tagayanaki et al., 2002) investigated the effect
of lexical factors on spoken word recognition in listeners with typical hearing and listeners with
hearing impairment. The authors showed that speech recognition scores of the subjects with
acquired hearing loss were determined not only by audibility, but also by lexical difficulty.

1 To a limited extent, terminology used in this chapter has been adapted - compared to the earlier
publication - to be in line with the other chapters of this thesis.
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In addition to lexical processing, other linguistic skills such as semantic and syntactic processing
mightbeimportantin speech recognition of individual with typical hearing and individuals with
hearing impairment. Therefore, there is a need for a method that can identify the contribution
of specific linguistic skills to speech understanding in noise. The purpose of the present study
was to investigate whether it is possible to apply the distortion-sensitivity approach in this field.

The distortion-sensitivity approach

Thedistortion-sensitivity approach has been usedin the psychoacoustical domain toinvestigate
the relative influence of coding of spectral, phase/temporal and intensity information in speech
reception in noise (Goverts & Houtgast, 2010; Houtgast & Festen, 2008; van Schijndel et al.,
2001a). In the distortion-sensitivity approach, the subjects perform a task while perturbations
of specific signal cues in the stimulus material are introduced. This can be illustrated in the
results of van Schijndel and colleagues (2001a), who studied speech intelligibility in listeners
with hearing impairment and listeners with typical hearing. Acoustic signal cues in the domains
of frequency, time, and intensity were distorted. To examine whether the reduced performance
of the group with hearing impairment on the speech intelligibility test was related to a specific
problem - for example in the spectral domain — they measured performance as a function of
the amount of spectral distortion. The basic assumption of the distortion-sensitivity approach
in this example is that if the auditory system of the group with hearing loss does not make full
use of spectral information, this group will be less sensitive to this distortion than the reference
group. This should lead to ‘convergence’ in the distortion-sensitivity approach (basically, in
accordance with Figure 1, right panel). Such a pattern of convergence was indeed observed by
van Schijndel and colleagues. The implication of convergence is that the reduced performance
of the group with hearing loss on the original task is indeed related to a deficit in the processing
of spectral information. If, on the other hand, the effect of distorting the cue information in
listeners with hearing impairment is found to be similar to that in the reference group (which, in
fact, was the case for temporal information), this would suggest that such cues are processed as
accurately in listeners with hearing impairment as in listeners with typical hearing. This would
lead to 'no convergence’ in the distortion-sensitivity approach (see Figure 1, left panel).

In the distortion-sensitivity approach, performance on a specific task (e.g., a task that examines
speech intelligibility) is investigated as a function of the amount of perturbation of a particular
signal cue (e.g., the temporal information in the stimulus). Thus, this experimental method
indicates whether this specific signal cue is actually processed during task performance. This
concerns an advantage over the use of a correlation paradigm, which uses separate tests to
measure the processing of this signal cue on the one hand and performance on this specific task
on the other hand. Finding a correlation between signal-cue processing and task performance
does not necessarily imply that the stimulus information in question is typically exploited while
performing the task.
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Figure 1: lllustration of the distortion-sensitivity approach, using artificial data. Performance of a group
of subjects with hearing impairment as a function of distortion (experimental group; black) is compared
with that of the reference group (grey). Two possible outcomes of such an experiment are indicated by “no
convergence” (left panel) or “convergence” (right panel). TRT = Text Reception Threshold.

The present study

Although the distortion-sensitivity approach has been proven successful in the signal-driven
domain, in this study we aimed to examine whether it can also be used in the psycholinguistic,
knowledge-driven domain. More specifically, we investigated the use of the distortion-
sensitivity approach to evaluate the relative influence of specific linguistic factors in speech
understanding in adverse conditions. Introducing linguistic distortions in speech stimuli would
require new recordings of the speech material — for example, for reasons of co-articulation —
whereas these distortions can be applied in a straightforward manner to written text. Hence,
we decided to use a visual text processing task instead of a speech perception task.

Speech understanding in noise is often quantified by the signal-to-noise ratio needed to
reach 50% speech intelligibility, measured with the SRT method (Plomp & Mimpen, 1979).
This method uses short everyday sentences as stimuli and speech-shaped noise as a masker.
Recently, we developed a visual equivalent of this SRT method, the Text Reception Threshold
(TRT) test (George et al., 2007; Kramer et al., 2009; Zekveld et al., 2007). In this TRT test, the
same sentence material is used as in the SRT test, but the sentences are presented visually on a
computer screen, adaptively masked by bar a pattern. The TRT score is the percentage of open
space in the bar pattern needed to reproduce 50% of the sentences correctly. The aim of this
method is to identify at least some of the relevant non-auditory factors in processing linguistic
material while the auditory channel is bypassed.

In the present study, we looked for particular groups of subjects such that a large variance
in linguistic skills was to be expected while keeping auditory factors and non-auditory, non-
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linguistic factors globally constant. Therefore, we studied native and non-native typically
hearing speakers of Dutch - all university students. Note that the results for listeners with
various skill levels in Dutch serve merely as an illustration of how the distortion-sensitivity
approach can be used in populations such as individuals with hearing loss.

In summary, the main question addressed in this research note is whether we can use the
distortion-sensitivity approach to measure the role of specific non-auditory linguistic abilities
in linguistic processing in noise. Because we used the TRT method, a preliminary question
to address is whether differences in linguistic competence lead to different performance on
the TRT test, as they do on the SRT test. In other words, the question to be answered here is
whether non-nativeness that is known to influence speech perception abilities (as reported by
van Wijngaarden et al., 2002) also affects performance in the TRT test.

METHODS AND MATERIALS

Participants

Participants were 13 university students with Dutch as their native language (M = 22 years of
age; range = 20-25 years) and 10 university students (M = 29 years of age; range = 19-45 years)
who learned Dutch as a second language in a university program for non-native speakers. All
subjects had typical hearing (hearing thresholds not exceeding 15 dB HL at 500 Hz, 1000 Hz,
2000 Hz, and 4000 Hz). Native languages of the non-native speakers were Polish (2), Spanish
(2), Russian (2), Servo Croatic (2), Hungarian (1), and Bengal (1). The non-native speakers were
selected to have reached the highest finishing levels (3 or 4) in the university course. Finishing
level 4 is needed to enter the state examination for Dutch as a second language.

Measurements and stimuli

The SRT was measured in free field in a sound-insulated room according to the procedures
described by Plomp and Mimpen (1979). The task for the subjects was to correctly repeat the
acoustically presented sentences. The stationary noise level was kept constant and the sentence
level was varied adaptively using a step size of 2 dB. The SRT is defined as the signal-to noise
ratio at which 50% of the sentences is repeated correctly. The TRT was measured following the
procedures described by Zekveld et al. (2007). The task for the subjects was to correctly repeat
the visually presented sentences. The width of the bars masking the text was varied adaptively
using a step size of 6%. The TRT is defined as the percentage of unmasked text required for
correct reproduction of 50% of the sentences.

In both tests, lists consisting of 13 Dutch everyday short sentences were used as stimuli (Versfeld
etal,, 2000).Distortions of the linguistic cues were only introduced in the TRT test by manipulating
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the sentence material used in the TRT test in three domains: lexicon, semantics, and syntax
(see Table 1). Distortions in the lexical domain were introduced by replacing one word in the
sentence by a pseudoword (i.e., a nonsense word that is phonologically and morphologically
correct in Dutch). Distortions in the semantic domain were introduced by replacing one word in
the sentence with a word that was syntactically and morphologically correct but semantically
incorrect. Distortions in the syntactic domain were introduced by randomizing word order of
an existing sentence and distorting the congruence between subject and verb. It should be
noted that an interaction between syntactic and semantic distortion could not be avoided in
the syntactic distortion condition.

Table 1. Examples in English of the procedure to introduce linguistic distortions in the Text Reception
Threshold (TRT) material.

Domain Procedure Example

Lexical Replace one word by a pseudoword.  The blockade lasted for more than a week.
The blockade lasted for more than a greep.

Semantic Replace one word by an alternative They are drinking beer on the terrace.
with the same morphosyntactic They are drinking pony on the terrace.
properties.

Syntactic Randomize words and remove There is nobody in the street almost.
congruence between subject and Nobody there almost street in the are.
verb.

Note. The experiments were done with Dutch text material. For each domain, the original sentence is
given, as well as the manipulated sentence (which appears in boldfaced text).

Procedure

Tests and conditions were presented in a fixed order because we were primarily interested in
differences between the two groups. The order of the conditions was as follows: (a) undistorted
TRT, (b) TRT with semantic distortion, (c) TRT with syntactic distortion, (d) TRT with lexical
distortion, and (e) undistorted SRT in stationary noise. All TRT tests were administered four
times; the SRT test was administered two times. Thus, all participants performed 18 tests in
total. For each test, a new list of sentences was used.

RESULTS

Table 2 shows the median, first and third quartile of the SRT and the undistorted TRT, as well
as the TRT in the three distorted conditions. The sensitivity to the applied distortions was
quantified by the distortion-sensitivity (DS) value, calculated as the difference between distorted
TRT in a certain domain and the undistorted TRT in percentage points (pp). Table 2 gives
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these DS values for the three domains of distortion. Undistorted and distorted TRT values are
graphically presented in Figure 2.

Table 2. Data on the Speech Reception Threshold (SRT) and Text Reception Threshold (TRT) in the
undistorted condition, the distorted TRT in three linguistic domains, and the distortion-sensitivity (DS)
values for these domains

Undistorted

condition Distorted TRT DS value
Group Statistic (scIRB-I; -:-;-;- I(';’)‘ s(;")‘ s;l’/:‘)t ('-::) f‘::; ?:)’:;
Native  Median 440 56.20 6565 5828  63.45 918 265  7.28
quartile  -4.80 5530 6345 5773 6210 795 125 588
39quartile  -4.20  56.50 6648 5965  64.80 1048 345  9.08
Non- Median 410 6520 6811 6701 6673 374 194 276
native  juguartile 170 62.35 6648 6325 6578 249 136  0.29
39quartile 565  67.53 7218 6993 6914 630 239 457

Note. The SRT is defined as the signal-to noise ratio at which 50% of the sentences is repeated correctly.
The TRT is defined as the percentage of open space between the masking bar pattern required for
correct reproduction of 50% of the sentences. The DS value is the difference (in percentage points [pp])
between the TRT in the distorted and undistorted condition. Lex = lexical distortion, Sem = semantic
distortion, Synt = syntactic distortion.

The data show a difference of about 8 dB in SRT between native (n,) and non-native (n,) listeners.
Table 2 also reveals a difference of about 9% in the undistorted TRT values between these two
listener groups. The significance of both differences was confirmed by a Mann-Whitney U test
[SRT: Mann-Whitney U= 0, n, =13, n,=10; p < 0.001; TRT: Mann-Whitney U=0,n, = 13,n,=10; p
< 0.001]. These data show that evident differences in linguistic competence lead to differences
in performance on both the SRT test and the TRT test.

The data in Table 2 and Figure 2 suggest that, as expected, the TRT of the reference group
(native users of Dutch) was sensitive to the applied distortion in all three domains. For example,
the median TRT score for lexical distortion (65.65) was higher than the median TRT score in the
undistorted condition (56.20), yielding a positive median DS value (9.18). This means that in the
condition with lexical distortion, compared with the undistorted condition, more open space
between the masking bars was required for correct written text reproduction. This also held
true for semantic and syntactic distortion (median DS value of 2.65 and 7.28, respectively). The
trend in the data was confirmed by t-tests of the DS values for each type of distortion where
significant differences from zero (p < 0.001) were observed. The TRT of the non-native listeners
was also significantly sensitive to the applied distortion in the three domains (t-test, p < 0.01).
The normal distribution of the DS values for both groups was confirmed by a Kolmogorov-
Smirnov test.

78



Introduction of the distortion-sensitivity approach

"

T )

Lexical Distorkion

.
TIRT %]
H

Samantic Distorticn

Syntactic Distortion

AT P4

B

—

re gbortion  Waikos dwioion ot AR GESala el L P P TR i B e P

Figure 2: Median TRT-data for the native (see grey diamonds) and non-native (see black squares) subjects.
The TRT is defined as the percentage open space between the bars in the masking pattern required for
correct reproduction of 50% of the sentences. Error bars represent the inter-quartile ranges. Left panel:
distortion of lexical information. Middle panel: distortion of semantic information. Right panel: distortion
of syntactic information.

Figure 2 shows that the TRT results of the non-native group tended to converge with the
reference results for distortion of syntax and lexicon but not for distortion of semantics. These
trends in the data were confirmed by Mann-Whitney U Tests on the calculated DS values
[lexicon, Mann-Whitney U = 22, n,=13,n,=10, p < 0.01; syntax, Mann-Whitney U = 16, n =13,
n, =10, p < 0.01; semantics, Mann-Whitney U= 48, n, = 13, n,= 10, p = 0.313].

DISCUSSION AND CONCLUSION

Themainaimofthisstudywastoexamine whetherwe canusethedistortion-sensitivityapproach
for measuring the role of specific non-auditory linguistic aspects in linguistic processing in
noise. Because of our choice to use the TRT test as a visual proxy of a speech processing task, we
first examined whether differences in linguistic competence lead to differential performance
on the TRT test as they do on the SRT test. We studied the processing of distorted sentences
in auditory and visual presentation mode by native and non-native speakers of Dutch who
had normal hearing and studied at a university. As noted before, by defining these two study
groups, we introduced variance in the skills in the linguistic domain while keeping auditory
factors and non-auditory, non-linguistic factors - such as speed of information processing —
essentially constant. The results showed a reduced performance on the SRT test and the TRT
test in the non-native group. This means that in both presentation modes (auditory and visual),
the non-native speaking students were affected more by masking in repeating the sentences
correctly. Hence, it can be concluded that variance in linguistic competence leads to differential
performance on the TRT test, as it does on the SRT test. The present SRT results are in line with
previous findings of van Wijngaarden et al. (2002). Comparing the current results with those of
Zekveld et al. (2007) and George et al. (2007), it is clear that familiarity of the language of the test
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items has a much larger effect on both TRT and SRT than do the factors of hearing impairment
and age.

Having established that differences in linguistic skills indeed lead to differential performance
on the TRT test, we can now address our main question whether the distortion-sensitivity
approach can be used to examine the role of specific linguistic skills in the TRT. The following
results show that this is, indeed, the case:

e Syntactic, lexical, and semantic sources of information are all used by native speakers
of Dutch in visual text processing as examined by means of the TRT test. This is evident
from the adverse effects of distorting the stimuli on each of these three linguistic
dimensions.

e Ofthethree sources of linguisticinformation, only semantics is exploited as much by the
non-native subjects as by the reference group. This is suggested by the fact that only in
the semantic-distortion condition, their performance is affected to the same extent as
that of the reference group. The effects of lexical and syntactic distortions were much
greater for the native participants than for the non-native participants. The non-native
participants’ decreased sensitivity to these distortions suggests poor abilities in these
specific linguistic domains compared with the native participants.

A tentative conclusion is that in the group of non-native speakers of Dutch, reduced syntactic
and lexical processing plays a role in their (reduced) performance on the undistorted TRT task.
Apparently, lexical and syntactic knowledge and skills in Dutch are less well developed in
the non-native speakers of Dutch than in native speakers. Consequently, the former are less
sensitive than the latter to distortions in these two linguistic domains.

These results seem to contrast with those obtained by Golestani and colleagues (2009). Using
a paradigm with word pairs, they found that a semantically related target word facilitated
the recognition of a preceding prime word presented in noise in native but not in non-native
speakers. The authors hypothesized a retroactive priming effect in native speakers and
semantic interference in non-native speakers. The difference seen with the current results may
be due to the different ways in which semantic information was manipulated in their study
and in ours. Golestani et al. investigated how the provision of additional semantic information
(target words) influences perception of a previously presented prime word. In the distortion-
sensitivity approach, the semantic cues that are typically available are distorted. In other words,
the Golestani et al. study showed that non-native speakers did not benefit from additional
semantic information in a word perception task, whereas this study showed that non-native
speakers were hindered in sentence processing as much as native speakers when ‘regular’

semantic information was distorted.

Because performance in both the SRT and TRT is influenced by non-nativeness (Table 2),
it is plausible to assume that the same linguistic aspects that influence the TRT also play a
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role in the SRT. Our findings contribute to the discussion on the mechanisms underlying the
reduced speech understanding in noise of non-native listeners. The present results imply
that reduced speech understanding in noise of non-native listeners is at least partly caused
by reduced exploitation of knowledge-driven information - to be more specific, of linguistic
structures at the lexical and syntactic level, as was suggested by Bradlow and Alexander (2007).
The contribution of linguistic skills to speech understanding in noise can be confirmed by
application of the present linguistic distortions to the speech stimuli of the SRT. Comparing
distortion-sensitivity data for non-native listeners on text stimuli on the one hand and speech
stimuli on the other hand might show an additional effect of reduced auditory processing (e.g.,
Bradlow & Alexander, 2007).

Potential applications of the distortion-sensitivity approach

As shown by the present data, the distortion-sensitivity approach can be used to examine the
role of (specific) linguistic skills in the TRT and yields differentiated results. Hence, this study
shows that the distortion-sensitivity approach can also be used in the knowledge-driven
domain. Having established this for the non-native group in the current study, the distortion-
sensitivity approach can now be used to study the role of linguistic abilities in speech
understanding in noise for listeners with hearing impairment. Knowledge of which linguistic
skills, in particular, are affected in individuals or groups with hearing impairment might help
in the development of rehabilitation programs (e.g., Nippold et al., 2009). Furthermore, an
advantage of the distortion-sensitivity approach is that, given appropriate reference data,
this approach enables the investigation of an individual subject regardless of whether specific
cues are used in a relevant task. In clinical practice, such individual results can be used to give
guidelines for rehabilitation programs — more specifically, what skills should be taught to
listeners with hearing impairment.

In conclusion, it appears that the distortion-sensitivity is a useful tool in examining the role that
linguistic abilities play in the reduced speech understanding in noise of listeners with hearing

impairment.
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ABSTRACT

Objective: The authors first examined the influence of moderate to severe congenital hearing
impairment (CHI) on the correctness of samples of elicited spoken language. Then, the
authors used this measure as an indicator of linguistic proficiency and examined its effect on
performance in language reception, independent of bottom-up auditory processing.

Design: In groups of adults with normal hearing (NH, n = 22), acquired hearing impairment
(AHI, n = 22), and moderate to severe CHI (n = 21), the authors assessed linguistic proficiency
by analyzing the morphosyntactic correctness of their spoken language production. Language
reception skills were examined with a task for masked sentence recognition in the visual domain
(text), at a readability level of 50%, using grammatically correct sentences and sentences with
distorted morphosyntactic cues. The actual performance on the tasks was compared between
groups.

Results: Adults with CHI made more morphosyntactic errors in spoken language production
than adults with NH, while no differences were observed between the AHI and NH group. This
outcome pattern sustained when comparisons were restricted to subgroups of AHI and CHI
adults, matched for current auditory speech reception abilities. The data yielded no differences
between groups in performance in masked text recognition of grammatically correct sentences
in a test condition in which subjects could fully take advantage of their linguistic knowledge.
Also, no difference between groups was found in the sensitivity to morphosyntactic distortions
when processing short masked sentences, presented visually.

Conclusions: These datashowed that problems with the correct use of specific morphosyntactic
knowledge in spoken language production are a long-term effect of moderate to severe
CHI, independent of current auditory processing abilities. However, moderate to severe CHI
generally does not impede performance in masked language reception in the visual modality,
as measured in this study with short, degraded sentences. Aspects of linguistic proficiency that
are affected by CHI thus do not seem to play a role in masked sentence recognition in the visual
modality.
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INTRODUCTION

People with hearing impairment suffer from a reduced ability to understand speech in daily life
situations (e.g., Plomp, 1994). Rehabilitation with hearing aids or cochlear implants improves
the abilities to understand speech in quiet environments, but understanding speech in more
challenging acoustic environments, e.g., in noise or reverberation, remains difficult (e.g.,
Cord et al., 2000). Abilities to understand speech in noise vary among persons with hearing
impairment, even when individuals have similar pure tone audiograms (e.g., Houtgast & Festen,
2008). The ability to comprehend speech in challenging conditions depends on bottom-up
peripheral auditory capacities and top-down cognitive abilities (Davis & Johnsrude, 2007;
Houtgast & Festen, 2008; Pichora-Fuller, 2008; Ronnberg et al., 2013). Audibility, determined
by the ears’ sensitivity, and spectral and temporal resolution affect bottom-up processing
(Hopkins & Moore, 2011). In top-down processing, working memory capacity, attention, speed
of information processing, and the use of linguistic context play a role (see Akeroyd, 2008,
for a review). The relative contribution of bottom-up and top-down processing to speech
recognition depends on the complexity of the acoustic scene and the cognitive and linguistic
competencies of the listener (Avivi-Reich et al., 2014). Research into the specific contribution of
linguistic factors to speech recognition has focused on linguistic characteristics of the speech
material (e.g., Kalikow et al., 1977; Uslar et al., 2012) and the influence of linguistic proficiency
on speech recognition, especially in non-native listeners (see Garcia Lecumberri et al., 2010,
for a review). However, less is known about how linguistic skills of hearing-impaired listeners
impact their performance in language recognition, independent of bottom-up auditory
processing. Specifically, in persons with congenital hearing impairment (henceforth CHI), this
is an interesting question, because language acquisition with a degraded auditory input may
lead to deficits in linguistic performance (Elfenbein et al., 1994; Delage & Tuller 2007; Moeller et
al., 2007; Tuller & Delage, 2014; Huysmans et al., 2014). As linguistic knowledge is also relevant
for language reception (Cutler & Clifton, 1999) and this knowledge may be affected by CHI, top-
down processing in language reception may be disadvantaged by CHI as well. When language
input is presented in the auditory modality, this linguistic disadvantage would be additional
to the bottom-up degradation of the signal due to hearing loss in CHI persons. Therefore,
to separately assess the influence of linguistic ability on language reception in CHI persons,
language has to be presented in the visual modality.

Linguistic proficiency in individuals with congenital hearing impairment (CHI)

Childrenbornwith ahearingimpairmentare known to be at risk for deficiencies in the acquisition
of phonology (Elfenbein et al., 1994; Briscoe et al., 2001; Wake et al., 2004), lexicon (Davis et al.,
1986; Wake et al., 2004; Moeller et al., 2007; Kiese-Himmel, 2008), and pragmatics (Elfenbein et al.,
1994). For CHI, the domain of morphosyntax is the most vulnerable linguistic area (Elfenbein et
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al., 1994; Norbury et al., 2001; McGuckian &Henry, 2007), with the possibility of morphosyntactic
weaknesses persisting into adolescence and adulthood (Delage & Tuller, 2007; Huysmans
et al,, 2014; Tuller & Delage, 2014). When acquiring grammatical skills, perceptual salience of
the morphological markers (i.e., the relative amount of linguistic information present in the
acoustic signal to be perceived) influences the order in which grammatical skills are established
(Svirsky et al., 2002). Consequently, the acquisition of morphological markers with low saliency
is at risk in subjects with CHI. Additionally, the relative complexity of the linguistic computation
that is needed to derive specific morphosyntactic constructions is relevant and may overrule
the influence of perceptual salience (Tuller & Delage, 2014). From their studies in children and
adolescents with mild to moderate CHI (PTA between 21 and 70 dB HL), Tuller and Delage
concluded that computational complexity was a central factor underlying poor performance
on various morphosyntactic tasks. Besides this, their data showed that the specific linguistic
aspects in which children and adolescents with mild to moderate hearing impairment showed
difficulties were shared with atypical language learners like second language users (L2). The
observed similarity between the CHl and L2 population suggests that degraded auditory input
during the critical period for language acquisition has similar effects on morphosyntax as later
onset of language acquisition.

The role of perceptual salience and relative syntactic complexity on the language performance
in CHI subjects was reflected in the error patterns in the spoken language output of adults
with moderate to severe CHI (i.e., pure tone hearing thresholds between 35 and 95 dB HL)
in a previous study (Huysmans et al., 2014). The significantly reduced spoken language
production performance of adults with moderate to severe CHI in this earlier study indicated
that their hearing impairment resulted in at least a vulnerability of, and possibly a deficit in,
morphosyntactic knowledge. Among other linguistic information, listeners rely on their
morphosyntactic knowledge to better understand speech in adverse conditions. The question
we examine in the present study is whether moderate to severe CHI affects the use of
morphosyntactic cues in the process of language reception, independent of low-level auditory
abilities, as it does in spoken language production.

The use of linguistic knowledge in recognition of spoken language

Phonological, lexical, syntactic, and pragmatic knowledge of a language all contribute to the
linguistic structures that a listener internally generates when processing incoming speech
(Davis & Johnsrude, 2007). When studying speech recognition in noise, linguistic factors are
known to affect the signal-to-noise ratio (SNR) at which listeners correctly identify incoming
speech. The SNR for word recognition is correlated with the frequency of occurrence of a
word in the language, word familiarity, and the number of confusable words in the lexical
network (Plomp, 2001). When listening to sentences in noise, listeners benefit from linguistic

redundancy: semantic, syntactic, and prosodic sources of information in a sentence increase

86



Visual sentence recognition

the predictability of a single word, leading to better speech intelligibility (Kalikow et al.,
1977). This benefit of linguistic redundancy is confirmed in listeners with impaired hearing
(Most & Adi-Bensaid, 2001; Benichov et al., 2012). However, little is known about the specific
contribution of the use of morphosyntactic knowledge in the process of speech recognition
in hearing-impaired individuals. Because the acquisition of morphosyntax is vulnerable in
CHlI, this aspect is of particular interest when studying the long-term consequences of CHI
on speech recognition performance. Knowledge on the consequences of CHI for language
reception in adults enhances our understanding of how CHI affects daily life communication at
the long term. Additionally, it may add focus to language rehabilitation in young CHI children to
diminish the long-term effects of moderate to severe CHI on linguistic proficiency.

Outline of this study

This study first describes morphosyntactic analysis of elicited spoken language samples in a
group of normal hearing (NH) adults and a group of adults with moderate to severe congenital
hearing impairment (CHI). The outcomes on morphosyntactic correctness of the samples are
used as a measure of the adults’ linguistic proficiency. To examine the influence of current
auditory reception abilities on language production, a second group of adults with hearing
impairment is assessed, i.e., adults who acquired their hearing loss after age 12'. In these
adults with acquired hearing impairment (AHI), language was developed with normal hearing
abilities, as in the NH subjects. Our hypothesis is that auditory abilities during early language
acquisition determine morphosyntactic correctness of spoken output, even in adulthood. This
would be confirmed if the language samples of the CHI adults contained more morphosyntactic
errors than the samples of both AHI and NH adults. In contrast, if current auditory limitations
impede the perception, and thereby the correction of morphosyntactic errors, both AHI and
CHI participants would make more errors than NH adults. In order to test this hypothesis,
we compare the number of morphosyntactic errors in the elicited spoken language samples
between NH, AHI, and CHI adults. We further discern the influence of hearing impairment at
the developmental stage from the influence of current hearing abilities on morphosyntactic
correctness by making comparisons using subgroups of AHI and CHI subjects that are matched

on current auditory reception performance.

1 Though substantial growth in various domains of language is still observed after primary school age
(Nippold, 2007), the aspects of morphosyntax that are studied in this paper are considered to be
acquired in the critical period for language acquisition, which, according to Lenneberg (1967), extends
until the age of 12 years (but see, e.g., Singleton, 2005, for a critical analysis of the so called critical period
hypothesis). For participants in the AHI group, hearing loss had to be acquired after the age of 12 years
to ensure this morphosyntactic knowledge was acquired while being normally hearing.
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As a next step, this study examines the impact of differences in one aspect of linguistic
proficiency (i.e.,, morphosyntactic correctness of an elicited sample of spoken language) on
sentence recognition performance in the three groups. To avoid confounding in performance
by auditory limitations in the listeners with impaired hearing, language reception is assessed in
the visual modality by using the Text Reception Threshold test (Zekveld et al., 2007). Research
has shown that sentence recognition in the auditory and visual modality share common
processes (Humes et al., 2007). The Text Reception Threshold (TRT) test (Zekveld et al., 2007)
is a visual proxy of the auditory Speech Reception Threshold (SRT) test (Kramer et al., 2009).
The TRT test measures a subject’s ability to read visually presented sentences, masked by a
pattern of vertical bars. In NH subjects, about 30% of the variance in TRT is shared with variance
in SRT in stationary noise (Zekveld et al., 2007). This indicates that modality independent
cognitive and linguistic abilities are involved in both tests to construct meaningful wholes of
sentence fragments. For adults with hearing impairment, combining the outcomes of TRT and
SRT in modulated noise allows an estimation of the relative contribution of non-auditory and
auditory factors to speech recognition in noise (George et al., 2007). Until now, little research
has examined the relation between TRT performance and specific measures of linguistic
proficiency. In a study with subjects with normal and impaired hearing, TRT performance was
not associated with word vocabulary scores (Zekveld et al., 2011). In another study, no specific
measures of linguistic proficiency were used, but TRT performance was shown to be related
to (non)-nativeness in the tested language (Goverts et al., 2011). Obviously, native and non-
native users of a language differ in the quality of the linguistic knowledge used in sentence
recognition, which evokes a possible analogy with adults with CHI, compared to adults who
acquired spoken language with normal hearing. For the present study, we hypothesize that the
effect of moderate to severe CHI on the use of morphosyntactic knowledge results in poorer
visual language reception, like it results in poorer spoken language production.

To study the relation between aspects of linguistic proficiency that are affected by CHI and
performance in masked sentence recognition, we examine the correlation between errors in
the use of a specific morphosyntactic cue in spoken language production and the use of this
cue in the perception of a masked sentence. Based on the ‘distortion-sensitivity approach’ (van
Schijndel etal., 2001b; Goverts & Houtgast, 2010; Goverts et al., 2011), the TRT task is administered
with grammatically correct sentences and sentences in which a morphosyntactic distortion is
applied. The introduced morphosyntactic error types are based on the common errors in the
spoken language output of adults with moderate to severe CHI, as identified in our earlier study
(Huysmans et al., 2014). If TRT performance decreases when sentences are ungrammatical, this
implies that the morphosyntactic information that is distorted in the sentence is normally
used in sentence recognition. Assuming that NH and AHI adults are equal in their use of
morphosyntactic knowledge, we expect TRT performance in both groups to be sensitive to
the introduced morphosyntactic distortions. This is reflected in a decrease of TRT scores for
the recognition of ungrammatical sentences, compared to the recognition of grammatical
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sentences. Assuming that CHI has affected the use of morphosyntactic knowledge in language
reception, we already hypothesized poor performance for the CHI group in visual speech
recognition of grammatical sentences. With regard to their sensitivity to morphosyntactic
distortions in sentence recognition, we expect the CHI group to be less sensitive than the NH
and AHI groups. If the CHI adults’ sentence recognition performance is less disturbed by a
morphosyntactic distortion in a sentence, this would indicate that CHI adults do not (fully) use
the information contained by the cue when it is not distorted in the task with grammatically
correct sentences. Poorer masked text recognition of grammatically correct sentences would
then (partly) be due to a deficit in the use of the specific cue. This performance pattern would
confirm the hypothesis that CHI affects the use of morphosyntactic knowledge in visual
language reception, as it does in spoken language production. For individuals within the CHI
group, we additionally expect a relation between the occurrence of specific morphosyntactic
errors in their elicited spoken output and the sensitivity to the corresponding morphosyntactic
distortions in masked text recognition: more errors in a specific category in the spoken output
are expected to relate to a lower sensitivity to this distortion in the sentence recognition task
(TRT).

In summary, the first aim of this study is to assess the effect of perceptual limitations during early
language acquisition on the morphosyntactic correctness of elicited spoken language samples
in adults. Secondly, the relation between linguistic proficiency, as assessed by analysing the
samples from the spoken language production task, and the use of morphosyntactic cues in
language reception in the visual modality is studied.

METHODS

Participants

An overview of the participant characteristics is given in Appendix H. In the normal hearing
group (NH), 22 adults (15 females and 7 males) participated, with a mean age of 34 years (range
18 to 57 years, SD = 13.4 years). They were recruited through advertisements on posters, in
emails, and on a website for recruiting participants for scientific research. In all NH participants,
0s,1,2 kz) did Not exceed 15 dB
HL at the best ear. Participants with impaired hearing were recruited through audiological

the mean pure tone hearing threshold at 0.5, 1 and 2 kHz (PTA,

diagnostic centres in the region, hearing aid dispensers, and advertisements on hearing loss
related websites. The group of participants with congenital hearing impairment (CHI) consisted
of 21 adults (13 females and 8 males), with a mean age of 36 years (range 19 to 56 years, SD = 11.4
years). To be included in the CHI group, anamnestic or audiometric indications were required to
support the assumption that a participant was born with bilateral moderate to severe hearing
impairment. All CHI participants reported to be diagnosed with hearing impairment in the first
years of life, between 3 months and 4 years of age, and all reported that their hearing was not
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better before diagnosis. Oldest PTA ;| , ..., of the best ear’ ranged from 35 to 100 dB HL, with
a group mean of 71 dB HL (SD = 15.2 dB HL). All CHI participants received hearing aids between
10 months and 6 years of age and thereby acquired their language under circumstances of
unaided and later aided bilateral hearing loss. All CHI participants but one received speech
and language therapy to support language development in childhood. Educational setting
in primary and secondary school varied between participants (see Appendix H for details). At
the time of this study, 6 CHI participants were fitted with a cochlear implant and 15 used a
hearing aid, either unilateral or bilateral. Current auditory characteristics of the participants are
described with unaided PTA(0.5, 1, 2 kHz) and maximum aided speech recognition score of CVC
words in quiet, presented with a loudspeaker at an intensity of 60 to 80 dB SPL. Mean PTA(0.5,
1, 2 kHz) in a subgroup of 15 not implanted CHI participants® was 82 dB HL (SD = 12.8 dB HL),
ranging from 55 to 98 dB HL. Maximum aided word recognition scores for all CHI participants
ranged from 73 to 100%, with a mean of 85.3% (SD = 8.7%). The group of participants with
acquired hearing impairment (AHI) consisted of 22 adults (15 females and 7 males), with a mean
age of 52 years (range 34 to 59 years, SD = 7.3 years). In all AHI participants, hearing impairment
was acquired after the age of 12, which means that spoken language had been acquired with
normal hearing abilities. The AHI group consisted of 17 participants using hearing aids, either
unilateral or bilateral, with moderate to severe hearing impairment in the best ear, and 5
participants who used a cochlear implant. The distribution of hearing aid users and cochlear
implant users is thus comparable in the AHI group and the CHI group. Data on pure tone average
thresholds of the AHI group are thus based on a subgroup of 17 not implanted participants*
n these participants was 67 dB HL (SD = 15.9 dB HL), ranging from 48 to 97
dB HL. For all AHI participants, the maximum aided speech recognition score of CVC words

mean PTA(OAS, 1,2kHz) i
in quiet, presented with a loudspeaker at an intensity of 60 to 80 dB SPL, ranged from 61 to
100%, with a mean of 90.6% (SD = 9.3%). All NH, AHI and CHI participants were native Dutch
speakers, used spoken language to communicate in daily life and reported not to have been
in contact with users of a sign language*before the age of 12 years. Additional criteria were

2 Given the age of several participants, collection of audiometric data to define the level of hearing
impairment early in life was not always successful. For 14 of 21 participants, audiometric data were
available to define their level of hearing impairment early in life. For the other 7 participants, data for
the level of hearing impairment at a young age were derived from either information of their parents (in
four participants) or from more recent audiometric data if participants indicated their hearing loss had
not changed since childhood (in the last three participants). The variable ‘Oldest PTA(M’ L2k of the best
ear’ (Pure Tone Average, i.e.,, mean threshold at 0.5, 1 and 2 kHz) in the CHI group therefore reflects oldest
available (n = 14) or derived (n = 7) data.

3 Pure tone average (current or pre-implantation) of the best ear is less relevant in implanted participants,
because their current auditory abilities are mostly defined by the fitting of the cochlear implant. For
implanted subjects, aided word recognition scores are thus sufficient to give an indication of their
current auditory speech reception abilities.

4 In the period in which the CHI participants of this study attended primary and secondary school, sign
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normal or corrected-to-normal vision, no diagnosis of colour blindness, no attentional deficits,
no cognitive disorders, and no dyslexia. The ethics committee of the VU University Medical
Center Amsterdam approved the study. All participants provided written informed consent.

Materials and test procedures

Tests were administered in 2 sessions of approximately 2.5 hours each. In the first test session,
assessmentincluded filling out a questionnaire regarding hearing and educational history, pure
tone audiometry (unaided), recognition of monosyllabic words in quiet (only for the hearing-
impaired participants, aided; Bosman & Smoorenburg, 1995), a task to elicit spoken language
(i.e., Favourite Game or Sports task, FGST; Nippold et al., 2005a), tests of sentence recognition
with grammatical and ungrammatical sentences, in noise for the NH subjects and in quiet
for the AHI and CHI subjects (aided)* , and a digits-in-noise test (only in the hearing-impaired
participants, aided; Smits et al., 2013). In the second session, participants were assessed with the
WAIS-III-NL nonverbal subtest Block Design® and verbal subtest Similarities (Wechsler, 2000),
tests of masked text recognition (TRT with grammatical and ungrammatical sentences), and a
word naming task (based on de Groot et al., 2002, described below). Correctness of the elicited
spoken language samples and performance in visual sentence recognition serve as outcome
measures to compare between groups. The other outcome measures are used to describe
group characteristics and examine possible confounding variables.

Naming task

A word naming task was used to measure the participants’ lexical access ability (based on de
Groot et al., 2002). Thirty words were simultaneously presented on a screen and participants
were instructed to read the words out loud as fast as possible. Time needed to read out
loud all words was measured by either using a stopwatch (in 3 participants) or by marking
the beginning and ending of the spoken sequence in a digital recording (in all others). The
outcome of a naming task is a good indicator of decoding ability and correlates with reading
fluency (Katz et al,, 2012). The naming task was added to the test battery after the first 9 NH
participants were already assessed. Consequently, naming data were available for 13 out of 22
NH participants and for all AHI and CHI participants.

language was not used in Dutch schools for the hearing-impaired to interact with children who did not
have profound hearing impairment.

5 Data with regard to recognition of sentences in the auditory modality will be presented in a subsequent
paper. Note that the sentence material used in the auditory modality was different from the sentences in
the TRT task presented in this paper, but had the same linguistic characteristics.

6 The Block Design score of participant CHIO3 is based on a short assessment of the subtest. This
assessment was done as part of another study, in which the subject participated earlier on the day of
testing. Therefore, the test could not be repeated for our study.
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Digits-in-noise test (DIN)

Digits in noise are widely used in a speech in noise screening test by telephone (e.g., Smits
et al,, 2004; Jansen et al.,, 2010; Watson et al., 2012). For diagnostics, the digits-in-noise test
(DIN) was developed and shown to be valid (Smits et al., 2013; Moore et al., 2014; Kaandorp
et al.,, 2015). In this study, the Dutch version of the DIN test (Smits et al., 2013) was used to
assess current auditory reception in the hearing-impaired participants while using their own
rehabilitation device. In short, three trials of 24 digit-triplets were presented to each participant,
with digits between 0 and 9, pronounced by a male speaker. Participants were asked to repeat
the triplets in the correct order. Overall intensity level of the speech and noise was kept at 65
dB(A), while the SNR varied according to an adaptive procedure depending on the correctness
of the response. The outcome of the DIN test is the SNR at which 50% of the digit-triplets is
repeated correctly. This speech reception threshold (SRT) is calculated by taking the average
SNR of triplets 5 to 25. Note that triplet 25 was not actually presented, but its SNR is defined by
the SNR of triplet 24 and the correctness of the participant’s response. The test is assumed to
mainly reflect bottom-up speech recognition abilities, with relatively small influence of top-
down linguistic abilities (Smits et al., 2013). Auditory signals for the DIN test were generated
using the PC’s internal soundcard (RME HDSP 9632), an amplifier (Samson Servo 4060 quad),
and a loudspeaker (Tannoy Reveal) at a distance of 1.5 meters and 0° azimuth.

Assessment of morphosyntactic correctness of spoken language production

The Favourite Game or Sports Task (FGST) (Nippold et al., 2005a) was used to elicit a spoken
language sample in expository discourse, i.e., a discourse genre in which a person uses
language to convey information. Samples were recorded, transcribed, and segmented into
utterances, i.e., T-units (1 independent clause and all attached subordinate clauses; Hunt, 1970).
Details of the elicitation procedure, transcription and segmentation are given in Appendix I.
Following the method of van den Dungen and Verbeek (1999), morphosyntactic correctness
was judged and expressed in two general measures, i.e., number of ungrammatical utterances
and number of morphosyntactic errors. All morphosyntactic errors were categorised into 6
specific error categories and a residual category: 1. article deletion in an obligatory context, 2.
subject-verb agreement error in the present tense, 3. preposition error, 4. incorrect determiner
(i.e., incorrect gender of article or demonstrative pronoun), 5. other suffix error, 6. adverb
error, 7. other morphosyntactic errors. The specific error categories follow the results of earlier
research on the morphosyntactic correctness in the spoken output of adults with moderate to
severe CHI (Huysmans et al., 2014), where significant weaknesses were found for categories 1, 2,
and 6, and weaknesses were expected for the other categories. To allow comparisons between
subjects and groups, the count value of each morphosyntactic parameter was rescaled to
a ratio using sample size (i.e.,, number of errors / number of utterances in the sample * 100),
which is a common procedure in sample analysis (e.g., Scott & Windsor, 2000). To examine the
reliability of the analyses, 10% of the samples (as in Hammer, 2010) was reanalysed by a second
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experienced clinical linguist. The judgements of the two coders were compared for each
utterance and dissimilarities were discussed. After discussion, the mean percentage agreement
for all morphosyntactic parameters was 99.44%, ranging from 97.97% to 100%. The reliability of
the analyses was thereby judged as satisfactory and the outcomes of the analysis of the single
coder were used for further analysis.

Test of masked text recognition (Text Reception Threshold test; TRT)

To assess the participants’ abilities to read visually masked sentences, the Text Reception
Threshold center test (TRT) was applied (Zekveld et al., 2007; Besser et al., 2012). Each TRT test
list consisted of 13 sentences, presented one by one in a red font (letter size 26) on a computer
screen at a distance of 70 cm, masked with a black vertical bar pattern of fixed spacing and
variable width. Depending on the width of the bars, which was adaptively varied, letters
were not, partially, or fully covered. Bar periodicity was slightly less than two characters. The
words of each sentence appeared in the centre of the screen. Presentation time of each word
corresponded to the duration of the word in the audio recording of the sentence, multiplied
with factor 1.8, after a pilot study with 2 CHI adults had established that this time duration
allowed enough time to read each word, even if the sentence was ungrammatical. Participants
were asked to read and repeat each sentence as accurately as possible. The first sentence of
each list was presented with a level of 72% masked text, which is below threshold, and repeated
with 12% less masking on subsequent presentations until it was read correctly. After the first
sentence of the list, all subsequent sentences were presented only once. A T-up-1-down
adaptive procedure was used in which the percentage of masking was increased with 6% after
a correct response and decreased with 6% after an incorrect response. The outcome TRT is the
percentage of unmasked text at which a person is able to read 50% of the presented sentences
correctly, calculated as the mean percentage of unmasked text of sentences 5 to 14. Note that
the fourteenth sentence is not actually presented, but its level of masking is defined by the
masking percentage of sentence 13 and the correctness of the participant’s response. Lower
TRT scores indicate better test performance. TRT tests were administered using a PC and a Dell
1703 FP1 monitor.

Lists with grammatically correct Dutch sentences and lists with ungrammatical Dutch sentences
were used for TRT assessment. A selection of original sentences from the TRT test, derived from
the SRT stimuli corpus of Versfeld et al. (2000), was used to create lists with grammatically
correct stimuli. Other sentences were morphosyntactically distorted to create ungrammatical
sentences in 6 categories. As for the original grammatical sentences, all morphosyntactically
distorted sentences were aimed to contain 8 or 9 syllables. Distortions were applied in 6
categories, based on the error patterns in the spoken language production of CHI adults in a
previous study (Huysmans et al., 2014) and on expectations of possible other morphosyntactic
weaknesses in CHI language production. Each sentence contained 1 morphosyntactic error.
Four lists of 13 sentences were created for each of the following 6 morphosyntactic distortion
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categories: a. article deletion, b. subject-verb agreement error, c. preposition error, d. article
substitution, e. suffix error, f. adverb error. Examples for all distortion categories are given in
Appendix J.

Before the TRT test trials, a TRT practice session with original grammatical sentences was
conducted. After this, participants were additionally trained in reading aloud a mix of 30
grammatical and ungrammatical unmasked sentences. Note that participants were instructed
to read each sentence the way it was presented, so morphosyntactic errors had to be repeated
as such. Following these 2 practice sessions, the actual TRT assessment was conducted.

When assessing TRT with ungrammatical sentences, participants should not be able to predict
whether a sentence is grammatically correct or not, and which type of morphosyntactic error is
introduced in a sentence. Therefore, 8 test blocks of 52 sentences were created by mixing 3 lists
of 13 grammatically distorted sentences each with 1 list of 13 grammatically correct sentences.
In 4 of these 8 test blocks, distortions a, b, and c were mixed with one list of original, grammatical
sentences (a-b-c-orig), while in the other 4 blocks, distortions d, e, and f were mixed with one
grammatical list (d-e-f-orig). In a ninth test block, 4 lists of original, grammatical sentences
were mixed (orig4). When presenting the 52 sentences of each test block, an interleaved
adaptive TRT procedure was applied: the first 4 sentences (one of each list) were repeatedly
presented with gradually decreasing percentage of masking until the sentence was repeated
correctly. All subsequent sentences were presented only once, with the masking percentage of
each sentence depending on the masking level of the preceding sentence of that list and the
correctness of the participant’s response to that sentence. This means that the presentation of
sentences of each list followed its own adaptive procedure. In all participants, the orig4-test
block was administered fifth in line, while the order of the mixed test blocks was balanced
over subjects. After the first 4 blocks, a 15 minute break was offered’. Before each block,
participants were informed what to expect: they were either reminded that some sentences
in the upcoming test block were grammatically correct and others were ungrammatical, or
were told that all sentences in the test block were grammatically correct. For each test block, 4
TRTs were calculated, based on the results of the adaptive procedure of the 4 lists in the block.
Outcome measures for the TRT test thus were TRTorig (TRT for original grammatical sentences
from 4 lists in the orig4-block), TRTorig-mixed (TRT for original grammatical sentences from
8 lists, mixed in a block with ungrammatical sentences) and TRTdistA till TRTdistF (TRT for
sentences in each distortion condition, from 4 lists). Performance in the TRTorig condition
was expected to best reflect language recognition in daily life: to fully rely on their linguistic
knowledge, it was required that participants knew that all presented sentences in a test block
were grammatical. In daily life, perceived utterances are assumed to be grammatically correct

7 For practical reasons, TRT assessment in 1 participant (CHI15) was carried out on two different days.
For technical reasons, the order of the test blocks differed from standard procedure in two participants
(AHI13 and CHI12).
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as well. In the TRTorig-mixed condition, performance was presupposed to be influenced by the
uncertainty about the grammaticality of the sentence. In the TRTdist conditions, performance
was presupposed to be influenced by both the uncertainty about the grammaticality and the
introduced morphosyntactic distortion. To examine the participants’ sensitivity to the applied
distortion, distortion-sensitivity (DSdist) values were calculated as the difference in percentage
points between the TRT in a specific distortion condition and the TRTorig-mixed. By using the
TRTorig-mixed performance as the reference for recognition of grammatically correct sentences,
the influence of introduced uncertainty about grammaticality of the sentence was eliminated
from the DSdist score. The DSdist scores thus only reflect the effect of the morphosyntactic
distortion on masked sentence recognition performance.

RESULTS

Inspection of the test results in the reference group (NH) revealed that the scores of 1
participant (NH18) deviated more than 1%z times of the interquartile range of the NH group on
the nonverbal Block Design test, the general measures for morphosyntactic correctness of the
spoken language sample, and 7 out of 8 TRTs. Because this participant was part of the reference
group and the outcomes on morphosyntactic correctness and TRT are central in the current
study, all his/her data were excluded from further analysis. This resulted in a group size of 21 NH
participants for all further analyses.

Independent auditory and non-auditory measures

For the SRT values of the DIN test, intraclass correlation coefficients (ICCs) for consistency
were calculated within each group with a two way mixed alpha model for the outcomes of
all 3 measurements and for the second and third measurement. ICCs for the average of 3
measurements were high (ICC = 0.975 for the AHI group and ICC = 0.932 for the CHI group). The
average of 3 measurements was taken as the outcome value for the DIN test in further analyses.

The SRT,, values showed a normal distribution within each group (AHI, x = -1.5 dB(SNR), SD =
4.1 dB(SNR); CHI, x = +1.1 dB(SNR), SD = 3.9 dB(SNR)). An independent samples t-test showed
the AHI and CHI group to differ significantly in SRT_ scores (t = -2.08; p < 0.05), indicating that
the AHI subjects generally had better current aided speech reception abilities than the CHI

DIN

subjects.

The outcomes on Block Design, Similarities, and Naming were not normally distributed in each
of the groups. Table 1 shows the median scores and interquartile levels for these tests for the
3 groups.

95



Chapter 5

Table 1. Group outcomes for independent non-auditory measures

Block Design Similarities Naming
NH Median 11.00 12.00 13.00
1st quartile 10.00 11.50 11.25
3rd quartile 13.50 14.00 15.75
AHI Median 10.50 12.00 14.00
1st quartile 9.75 9.00 12.00
3rd quartile 13.25 14.25 18.25
CHI Median 12.00 10.00 16.00
1st quartile 8.50 9.00 13.50
3rd quartile 13.50 11.50 19.00

Group median and interquartile levels for norm scores (X = 10, SD = 3, min = 1, max = 19) of the WAIS-IlI-
NL subtests Block Design and Similarities and for speed scores (in seconds) for the Naming task; for the
NH group, values are based on n = 21 (except for the Naming task, where n = 12), for the AHI group on n
=22, and for the CHI group on n = 21.

Non-parametric testing showed no group differences in Block Design scores. Significant group
differences were found between the NH and CHI groups on Similarities [Mann-Whitney U =
100.000; n,, = 21, n_, = 21; p < 0.01] and Naming [Mann-Whitney U = 189.500; n,,,= 12, n_, =
21; p < 0.05]. The AHI group did not differ from the NH and/or the CHI group on any measure.

Morphosyntactic correctness of the elicited spoken language samples (FGST)

The number of utterances in the elicited spoken language sample (‘sample size’) varied
between participants (NH, Mdn = 77, range from 45 to 176; CHI, Mdn = 74, range from 42 to 122;
AHI, Mdn = 78.5, range from 39 to 223). Non-parametric testing yielded no significant group
differences in sample size. Spearman’s correlation analysis showed no significant correlations
between sample size and scores on the morphosyntactic error measures within groups,
except for a positive correlation between preposition error and sample size in the CHI group
(p < 0.01). Because groups did not differ significantly in sample size and the morphosyntactic
outcome measures were generally not related to sample size, rescaling of the parameter values
for differences in sample size (i.e., number of errors / sample size * 100) allowed for group
comparisons.

Figure 1 shows the group data for all morphosyntactic outcome measures, i.e,, number of
ungrammatical utterances, number of morphosyntactic errors, and number of errors in 7 error
categories.
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Figure 1: Group scores for number of ungrammatical utterances, number of morphosyntactic errors, and
number of errors in 7 error categories; individual variable values were rescaled relative to the sample size
(i.e., number of errors / sample size * 100); group median, interquartile levels, and 10% and 90% intervals
are indicated (n,,=21,n,,=22,n_, = 21).

Because the morphosyntactic measures had a positively skewed distribution, non-parametric
tests were used for group comparisons. Using Bonferroni adjusted alpha levels of 0.007 per test
(0.05/7), for none of the morphosyntactic measures a group difference between NH and AHI
was found. However, CHI participants made significantly more errors than NH participants in
their elicited spoken language sample in nearly all morphosyntactic categories, i.e., in all but
the categories ‘preposition error’ and ‘incorrect determiner’. Details of these statistical analyses
are given in Table 2.

Morphosyntactic correctness in subgroups matched for current auditory reception abilities

To control for the influence of current aided auditory reception abilities on morphosyntactic
correctness of the spoken output, non-parametric group comparisons were repeated with two
subgroups of AHI and CHI participants (both n = 15), matched for SRT, scores. In Appendix
H, the SRT_ , scores of participants included in these subgroups are presented in italics. Non-
parametric testing confirmed the subgroups not to differ in distribution of SRT  scores [Mann-
Whitney U= 112.500; n =15,n =15 p=1.0L

AHIDIN CHIDIN —

The last 2 columns of Table 2 show the outcomes of non-parametric tests for group differences,
comparing the NH reference group with the AHI_ and CHI group for all morphosyntactic
measures. No group differences were found between the NH and AHI, groups, while the
subjects in the CHI_ group showed significantly poorer performance than the reference group

on several morphosyntactic parameters.
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Table 2. Results of nonparametric tests for group comparisons for all morphosyntactic measures

NHvs.AHI NHvs.CHI NHvs.AHIloin NH vs. CHIpin

Total ungrammatical utterances V) 287.5 377.0 206.0 260.0
p 0.170 0.000* 0.125 0.001*
Total morphosyntactic errors V) 281.0 377.5 205.5 262.0
p 0.224 0.000* 0.125 0.000*
Article deletion V) 283.0 390.0 206.0 288.0
p 0.189 0.000* 0.125 0.000*
Subject-verb agreement error V) 242.5 330.0 180.5 223.0
p 0.731 0.003* 0.465 0.036
Preposition error U 240.0 273.0 177.0 203.0
p 0.823 0.180 0.547 0.150
Incorrect determiner U 226.0 315.5 143.0 232.0
p 0.878 0.008 0.657 0.016
Other suffix error V) 269.5 341.0 187.5 257.0
p 0.206 0.001* 0.340 0.001*
Adverb error V) 227.0 352.0 152.5 232.0
p 0.917 0.001* 0.874 0.016
Other morphosyntactic errors V) 271.0 364.0 190.5 241.5
p 0.329 0.000* 0.294 0.006*

Mann-Whitney U and p values for nonparametric group comparisons between various groups (n,, = 21,
Ny =22,Ng, =21,n =15n = 15) for all morphosyntactic measures. * Bonferroni corrected p <

0.05, two-tailed.

AHIDIN CHIDIN

Masked text recognition

Exploration of the data

Table 3 shows descriptive data of the outcomes in each TRT condition, based on 8
measurements in the TRTorig-mixed condition and on 4 measurements in all other categories.
Intraclass correlation coefficients (ICCs) for consistency were calculated for all measurements
in each condition, within each group, with a two way mixed alpha model. Standard error of
measurement was calculated for each TRT condition within each group. Likewise, ICCs were
calculated for 3 measurements in each TRT condition within each group (7 measurements in
TRTorig-mixed), to explore consistency when excluding the first measurement. This yielded
ICCs that were generally lower than the ICCs of 4 / 8 measurements. Therefore, no data were
excluded from analysis. For each condition, the average TRT of all measurements was used as
the outcome score for further analysis.
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Table 3. Group outcomes for eight conditions of the Text Reception Threshold (TRT) test

NH AHI CHI

X SD ICC SEM X SD ICC SEM X SD ICC SEM
TRTorig 527 26 0436 40 539 39 0768 3.8 543 49 0799 44
TRTorig-mixed 54.6 3.1 0.780 4.2 566 34 0775 45 569 47 0855 51
TRTdistA 61.4 51 0824 43 629 46 0764 44 639 63 0823 53
TRTdistB 641 44 0619 54 684 71 0823 6.0 670 63 0776 59
TRTdistC 62,5 3.0 0.280 5.1 66.6 64 0775 6.1 645 6.3 0870 4.0
TRTdistD 588 4.0 0717 43 635 55 0769 52 60.8 3.8 0590 4.8
TRTdistE 63.0 52 0754 52 65.1 6.2 0845 49 666 6.6 0858 5.0
TRTdistF 60.8 41 0656 4.8 640 6.0 0795 54 645 6.1 0786 5.8

Group scores for 8 TRT outcome measures: mean values, standard deviations, intraclass correlation
coefficients, and standard errors of measurement are given, based on 4 measurements in all conditions,

except for the TRTorig-mixed condition, in which 8 measurements were used (n,,=21,n,, =22,n_, =
21).

Text Reception Threshold (TRT) for grammatical sentences

Figure 2 shows the group data for TRTorig and TRTorig-mixed scores. Given the small sample
sizes of the groups, normality was assessed by examining skewness and kurtosis values, with
values between -1 and +1 considered to reflect normal distribution (Twisk, 2010). The TRTorig
and TRTorig-mixed data showed normal distribution in the NH and AHI groups, but not in the
CHI group. Therefore, either parametric or non-parametric tests were used to test whether
TRTs for grammatical sentences in a grammatical test condition (TRTorig) and in a mixed test
condition (TRTorig-mixed) differed within groups. In each group, significant differences were
found (NH: paired samples t-test t = -3.327, p < 0.01; AHI: paired samples t-test t = -5.172, p
< 0.01; CHI: Wilcoxon signed ranks test Z = -3.181, p < 0.01). These differences reflect better
text recognition of grammatical sentences when presented in a block with only grammatical
sentences (TRTorig).

When comparing the TRTorig outcomes between groups, no differences were found [NH vs.
CHI: Mann-Whitney U = 279.500; n,, = 21, n_, = 21; p > 0.05; NH vs. AHI: independent samples
t-testt=-1.225;n,,,=21,n,, =22;p>0.05; AHl vs. CHI: Mann-Whitney U= 240.000; n,,, =22,n
= 21; p > 0.05]. This indicates that the group of CHI adults processed the masked grammatical

AHI CHI

sentences in a similar way as the NH and AHI adults. However, when comparing the groups’
performance in the TRTorig-mixed condition, the AHI and CHI group both showed poorer
performance than the NH group. [NH vs. CHI: Mann-Whitney U = 305.000; n,, = 21,n_,, = 21;p <
0.05; NH vs. AHI: independent samples t-test t =-2.061; n,, = 21, n,, = 22; p < 0.05; AHl vs. CHI:
Mann-Whitney U = 238.500; n,,, =22, n_, = 21; p > 0.05].

AHI

AHI CHI
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Figure 2: Group scores for TRTorig and TRTorig-mixed, measures of masked text recognition of grammatical
sentences, either in a test block with only grammatical sentences (TRTorig) or in a test block mixed with
distorted sentences (TRTorig-mixed). Text Reception Threshold (TRT) is the mean percentage of unmasked
text at which 50% of the sentences is read correctly; group median, interquartile levels, and 10% and 90%

intervals are indicated (n,, = 21,n,,=22,n_, =21).

AHI CHI

Sensitivity to morphosyntactic distortions in the TRT task

Following the distortion-sensitivity approach, the participants’ sensitivity to specific
morphosyntactic distortions in the processing of masked sentences was studied by comparing
their TRT scores for the various categories of distortion with their TRTorig-mixed score. Figure
3 shows group data® for TRT performance with grammatical sentences (TRTorig-mixed) and
with sentences from each of 6 morphosyntactic distortion categories (TRTdistA: article
deletion, TRTdistB: subject-verb agreement error, TRTdistC: preposition error, TRTdistD: article
substitution, TRTdistE: suffix error, and TRTdistF: adverb error).

The participant’s sensitivity to an applied distortion was quantified by the distortion-sensitivity
(DSdist) value, calculated as the difference between the TRT in a specific distortion condition
and the TRTorig-mixed score in percentage points. Non-parametric tests were performed on
the DSdist values to examine group differences in sensitivity to morphosyntactic distortions,

8 In 3 participants (AHI22, CHI15, and CHI21), in several of the TRTdist trials, a sentence was not correctly
recognized even when presented without any (0%) masking, probably due to the presentation rate that
was still too high. If this happened more than once in a list (CHI15, n =6 and CHI21, n = 5), the results for
that list were omitted from analyses. If this occurred in more than one list of a certain condition, no TRT
was calculated (for two distortion conditions in CHI 15 and in CHI21).
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using Bonferroni adjusted alpha levels of 0.008 per test (0.05/6). No significant group differences
were found for any of the distortion conditions.
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Figure 3: Group scores for masked text recognition of grammatical sentences (TRTorig-mixed) and
sentences with a morphosyntactic distortion (TRTdistA: article deletion, TRTdistB: subject-verb agreement
error, TRTdistC: preposition error, TRTdistD: article substitution, TRTdistE: suffix error, and TRTdistF: adverb
error). Text Reception Threshold (TRT) is the mean percentage of unmasked text at which 50% of the
sentences is read correctly; group median, interquartile levels, and 10% and 90% intervals are indicated
(ng,=21,n,,=22,n_, =21, except for TRTdistA and TRTdistC (n, = 20) and for TRTdistB (n_,, = 19)).

AHI 7 CHI CHI CHI

Within the CHI group, non-parametric correlation analysis was performed to examine
associations between the number of morphosyntactic errors in a specific error category in a
subject’s spoken language sample, elicited with the FGST, and the subject’s sensitivity to that
morphosyntactic distortion in the TRT task, expressed with the DSdist value. No significant
correlations were found. The occurrence of errors in spoken language thus did not predict
sensitivity to morphosyntactic distortions in text reception.

DISCUSSION

Moderate to severe congenital hearing impairment (CHI) affects spoken language acquisition in
children, but little research has been done on its effect on language production and language
reception in adults. This study examined the reproducibility of the authors’ earlier finding that
adults with moderate to severe CHI display problems in the correct use of morphosyntax in
spoken language production. As a second step, the study evaluated whether current hearing
abilities could explain these problems in CHI adults’ spoken language production. This
evaluation was done by investigating the performance of adults with a comparable hearing
loss, but that developed after the age of 12 years (so called acquired hearing impairment,
AHI). Furthermore, this study examined whether CHI affects language recognition in the visual
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domain, thus independent of bottom-up auditory processing. In brief, the data indicate that
CHlI affects the correctness of spoken language production, elicited in expository discourse. No
problems with morphosyntactic correctness were found in the AHI group, which implies that
deviancies in the performance of the CHI adults are likely to be caused by reduced hearing in
early life. In text reception, in contrast, the groups did not differ in performance. This implies
that CHI did not affect visual recognition of short, degraded sentences.

The first aim of this study was to evaluate the influence of CHI on correctness of spoken
language production in adults. The data confirm and extend our earlier findings (Huysmans et
al., 2014): again, adults with moderate to severe CHI made more morphosyntactic errors in their
spoken language sample, elicited with the FGST, than adults with normal hearing (NH). One
could hypothesize that these errors occur because hearing-impaired subjects do not perceive
their own speech well. However, the current data show that adults with acquired hearing
impairment (AHI) do not make more errors than the NH adults, which contrasts with the CHI
group, despite similar current auditory reception abilities. This observation sustained when
comparisons were restricted to subgroups of AHI and CHI adults, matched for current auditory
speech reception abilities. By using the digits-in-noise test, auditory speech reception was
assessed with minimal influence of top-down linguistic abilities (Smits et al., 2013; Kaandorp et
al., 2016). Performance was thus not confounded by differences between subjects in linguistic
proficiency. The AHI and CHI adults differ in age, with the AHI subjects generally being older
than the CHI subjects. However, research has shown that age does not exert an influence on
morphosyntactic correctness in a spoken language task (Mulder & Hulstijn, 2011). All potentially
relevant factors considered being equal, the AHI and CHI adults only differ in the circumstances
in which spoken language was acquired, i.e., with normal vs. degraded auditory input. This
study thus confirms the effect of moderate to severe auditory perceptual limitations during
language acquisition on morphosyntactic correctness of spoken output, even at an adult age.

In their spoken language output, adults with moderate to severe CHI made more errors in three
categories that were also affected in the participant sample of our earlier study (Huysmans et
al., 2014): article deletion in an obligatory context, adverb error, and subject-verb agreement
error in the present tense. In addition, the present CHI sample made more errors than NH adults
in the use of suffixes for noun plural marking and adjectival inflexion. Theories of how CHI may
affect specific aspects of spoken language acquisition, as discussed in the introduction, give an
explanation for the occurrence of problems in each of these four affected categories. Given the
error patterns, perceptual salience (i.e., the relative amount of linguistic information present
in the acoustic signal to be perceived) is a likely factor underlying errors in bound morpheme
use (subject-verb agreement errors and other suffix errors) and errors in the use of determiners
(article deletion in an obligatory context). The use of pronominal adverbs is considered a
complex issue in Germanic languages (Belz, 2005; van Canegem-Ardijns & van Belle, 2005),
so relative grammatical complexity is likely to be a key factor in part of the adverb errors. A
more detailed explanation of the role of CHI in these errors is given in our earlier publication
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(Huysmans et al., 2014). The data of this study thus identify morphosyntactic aspects of Dutch
that are vulnerable when acquired with degraded auditory input. Note that all subjects in our
study showed variability in the morphosyntactic correctness of their spoken output: errors
did not occur in every instance when a specific morphosyntactic paradigm was used (e.g.,
not every verb in the present tense in a sample was conjugated incorrectly). Adults with CHI
showed a significantly larger variability in correctness than the adults in the NH and AHI group.
The implications of this finding are discussed later.

The second aim of this study was to evaluate the influence of linguistic proficiency, assessed
with morphosyntactic correctness of the elicited spoken language sample, on performance
in masked sentence recognition, which was operationalized by measuring the Text Reception
Threshold test (TRT). We chose a test for masked sentence recognition in the visual modality to
exclude the influence of current auditory perceptual limitations as a confounder in language
reception. In the three groups, the use of morphosyntactic knowledge in sentence processing
was reflected in poorer text recognition of grammatical sentences in test blocks mixed with
ungrammatical sentences (i.e., in the TRTorig-mixed condition) than in a test block with
exclusively grammatical sentences (i.e., in the TRTorig condition). In the mixed condition, where
uncertainty about grammaticality was introduced, subjects could be less confident to use their
morphosyntactic knowledge when constructing a sentence from text fragments. If participants
would not use their morphosyntactic knowledge to compensate for the incompleteness of
the visual linguistic input, the introduced uncertainty about the effectiveness of using this
knowledge would not affect performance. The reduced TRT performance for grammatical
sentences in the TRTorig-mixed condition thus illustrates that participants actually use their
morphosyntactic knowledge when constructing meaningful wholes of text fragments.

At a group level, our results indicate that moderate to severe CHI did not affect sentence
recognition performance in the visual modality in a test condition in which subjects could
rely on and take advantage of their morphosyntactic knowledge (TRTorig). This result is not
in line with the earlier introduced hypothesis that we expected poorer performance in visual
language reception in the CHI subjects, resulting from CHI-induced difficulties in the use of
morphosyntactic knowledge in language reception, as in language production. To further
explore this finding, we examined associations between various independent measures (i.e.,age

and outcomes for Block Design, Similarities, Naming, SRT_ ., and number of morphosyntactic

DIN’
errors) and the individuals’ TRTs for grammatically correct sentences (TRTorig). In Appendix K,
details of this non-parametric correlation analysis are given. Analysis showed that the variable
‘number of morphosyntactic errors in spoken language production’, measuring one aspect of
linguistic proficiency, was related to TRTorig scores in the CHI group [Spearman’s rho correlation
coefficient = 0.57; n_, = 21; Bonferroni corrected p < 0.05]. In the CHI group, making more
morphosyntactic errors in spoken language production was associated with poorer TRTorig
performance. In the NH and AHI group, however, an association between TRTorig performance

and this measure was not found, nor was an association found between TRTorig performance
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and any otherindependent measure. This finding for the NH and AHI group isin line with a study
of Zekveld et al. (2011), in which a measure of linguistic proficiency (i.e., vocabulary size) was not
associated with TRT performance for NH and AHl listeners. Furthermore, the absence of group
differences in TRTorig performance in the current study in spite of clear group differences in
one particular aspect of linguistic proficiency indicates that other factors account for variance
in the TRTorig outcomes, for instance differences in verbal processing capacity (Besser et al.,
2012; Koelewijn et al., 2012). Such aspects were not assessed in the present study.

To examine the subjects’ sensitivity to morphosyntactic distortions in the sentences used in
the masked text recognition task, TRTs were assessed with grammatically correct and incorrect
sentences. When test blocks contained incorrect sentences, this inevitably introduced
uncertainty about the grammaticality of the sentences. For the recognition of grammatical
sentences in a condition with introduced uncertainty (TRTorig-mixed), our data show that both
groups with hearing-impaired subjects performed poorer than the subjects in the NH group.
This is an interesting finding, that came up as a consequence of the study design and was not
part of the rationale behind this study. The fact that this group difference was not found in the
TRTorig condition indicates that the poorer performance of both the AHI and CHI group is not
likely to be related to differences in the use of linguistic knowledge. This conclusion is supported
by the fact that there is no difference between groups in their sensitivity for morphosyntactic
distortions when processing masked sentences, as expressed in the DSdist values. In both the
AHI and CHI group, one or more other factors must account for poorer performance in the
visual processing of grammatically correct sentences with uncertainty about grammaticality.
As the AHI and NH group only differ in age range, and not in any other independent measure,
we tested the association between age and TRTorig-mixed outcomes. No association was
found, leading to the conclusion that the performance pattern of the AHI group in the TRTorig-
mixed condition cannot be explained by the factors assessed in this study. Within the CHI
group, no associations between TRTorig-mixed scores and any assessed variable were found.
The only aspect that the adults in the AHI and CHI group have in common is their current
status of hearing impairment. In daily life, people with hearing impairment often experience
discrepancies between what they understand and what was actually said. This might create
an elevated consciousness in HI adults of the possibility that their perception deviates from
reality. As a result, HI individuals might be more susceptible to introduced uncertainty about
the grammaticality of a sentence, even in the visual modality. In contrast, NH adults have less
reason to doubt their perception in daily life, which might result in lower susceptibility for
possible ungrammaticalities in the reception task of this study. To our knowledge, increased
susceptibility to uncertainties in the linguistic input, as we hypothesize here, would be an

unknown relevant consequence of hearing impairment.

A major finding of this study is that CHI affects performance on the task for production of
spoken language in expository discourse, while no effect is observed on performance on
the task for visual language reception. One factor that could underlie this contrast between
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language production and language reception performance is the difference in complexity of
the linguistic units involved in the tasks. In the spoken language production task, utterances
were generally more complex than the simple sentences used in the language reception
task. Earlier research suggests that errors in spoken language production are more likely to
occur in longer, complex utterances than in short, simple utterances (Bishop, 1994; Franck et
al., 2002). As morphosyntactic knowledge is used less intensively when recognizing simple
sentences than when producing complex utterances, our reception task could be not sensitive
enough to assess a possible long-term effect of moderate to severe CHI. In daily life, language
reception concerns longer linguistic units, which are perceived auditorily and are often more
complex than the sentences used in the current TRT tests. Therefore, our results leave open
the possibility that consequences of moderate to severe CHI on the linguistic proficiency of
adults do impede language reception in daily life, additional to the impediment due to current
perceptual limitations. Further research is needed to examine how the linguistic system of
adults with moderate to severe CHI processes more complex input in language reception.
It would also be interesting to assess CHI adults’ language recognition with utterances from
their own language sample of the production task. This way, the use of a morphosyntactic
cue in sentence recognition would be assessed in utterances of a length in which an error
may occur, and the error would reflect the participant’s own specific weakness in the use of
morphosyntactic knowledge in spoken language production. Additionally, a more detailed
analysis of participants’ response errors in the sentence recognition task could yield insight
in possible differences in individuals’ strategies in the use of linguistic knowledge when
performing the task.

Another factor that could underlie the observed differences in performance between language
production and language reception is related to differences in processing between the two
modalities. Reception and production models show that both systems tap into the same
morphosyntactic knowledge (Levelt, 1993), but the mechanisms for using this knowledge in
language production and reception differ (Matthei & Roeper, 1983). In a language reception
task, subjects repeat the presented sentence, so the correct response is fully or partially
given. Linguistic knowledge is thus used to complete missing information if needed and then
to repeat the sentence. In the language production task, in contrast, produced utterances
completely depend on the subjects’ active use of available linguistic knowledge. This could
imply that language reception is less sensitive for differences in available linguistic resources to
show up in performance, compared to language production. Additionally, earlier research has
shown that the task we used to elicit language in expository discourse requires a considerable
amount of cognitive resources (Nippold et al., 2005a): the open ended questions posed to a
participant ask for a structured response, in which cause-and-effect, procedural reasoning,
precise vocabulary, and the use of accurate information and appropriate grammar have to be
combined in a clear and organized matter. Subjects have to exploit their cognitive resources
to coherently formulate a structured response, leaving fewer resources for applying the
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correct linguistic form. This allocation of resources may result in a decrease in performance
(referred to as ‘resource limited processing’, Norman & Bobrow, 1975), i.e,, in the occurrence
of ungrammaticalities in spoken language production in the current task. Earlier research has
shown, like the current study, that even NH adults make errors in spoken language production
(Mulder & Hulstijn, 2011). The data of the current study, however, showed that the performance
decrease in the spoken language production of CHI adults was more substantial than in NH and
AHl adults, and that this decrease in performance concerned specific aspects of morphosyntax.
Given the considerable task demands of the language production task, a possible difference in
available cognitive resources between the CHI adults and the NH and AHI adults could explain
the CHI adults’ more substantial decrease in performance. This explanation of our results
would be in line with results of research in children using a cochlear implant (Kronenberger
et al., 2013), showing that the development of executive functioning (i.e., processes used to
regulate thought and behaviour) is at risk when auditory signals are perceived with limitations.
The hypothesis that the substantial decrease in language production performance in the CHI
adults is due to limitations in allocation of cognitive resources could also explain the adults’
performance pattern: CHI adults did not make specific errors consequently in all utterances
but showed a variable performance instead. They correctly applied the morphosyntactic
knowledge in their spoken language production regularly. This implies that the errors in spoken
language production do not reflect impaired competence, but are performance problems. The
nature of the observed errors, however, suggests an association with perceptual limitations
during early language acquisition: errors specifically occur when morphosyntactic knowledge
needs to be applied that relatively highly depends on perceptual salience or on efficient use of
a critical time window in its acquisition. Hearing impairment during early language acquisition
seems to have affected automatisation in the use of this specific morphosyntactic knowledge.
This observation is in line with the vulnerable marker hypothesis (Bishop, 1994), which states
that performance problems in the use of morphosyntactic paradigms that are vulnerable in
their acquisition may occur when the processing capacity of the production system is strained,
despite an adequate level of competence. Thus, our data on spoken language production may
suggest that CHI affects the use of cognitive resources and leads to increased vulnerability in
the application of specific morphosyntactic paradigms. Since relevant aspects of cognitive
functioning were not assessed in the current study, further research is needed to examine this
hypothesis.

Summarizing, differences in complexity of the linguistic units involved in the two tasks and
differences in processing between modalities could have affected the sensitivity of the
language reception task to examine the relation between the use of linguistic resources and
language reception performance. Further, it might be questioned whether measuring sentence
reception at a level of 50% intelligibility, which is common when using an adaptive procedure
like the TRT as used in the current study, is the most appropriate level to study this relation.
Norman and Bobrow (1975) state that the profitability of using additional cognitive resources
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when performing a task depends on the quality of the information available in the stimulus.
When the quality of the available information is too low, the deployment of cognitive resources
may not lead to better performance (referred to as ‘data limited processing’). It therefore would
be interesting to systematically examine which level of intelligibility, and thus which quality
of the available linguistic input, would be most sensitive to assess the effect of differences in

linguistic resources on sentence recognition performance.

Problems with morphosyntax in spoken language production have clear clinically relevant
implications for CHI adults. In everyday communication, errors in spoken language are apparent,
which might influence the interaction of CHI adults with other people. In this study, specific
morphosyntactic aspects of Dutch were identified as weak spots for adults with moderate to
severe CHI, indicating that these aspects are vulnerable when acquired with degraded auditory
input. Speech and language therapy in young hearing-impaired children, either using hearing
aids or cochlear implants, should focus on these aspects of morphosyntax to possibly prevent
long-term weaknesses in their use in spoken language.

In conclusion, the current study shows that moderate to severe congenital hearing impairment
affects language production in adulthood, but generally does not impede performance
in masked language reception in the visual modality, as measured in this study with short,
degraded sentences. Aspects of linguistic proficiency that are affected by CHI thus do not seem
to play a role in masked visual sentence recognition.
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ABSTRACT

In adults with congenital hearing impairment (CHI), the consequences of hearing loss on the
acquisition of morphosyntactic knowledge may affect their knowledge-driven (top-down)
processing in auditory sentence recognition. This study investigates this hypothesis by using
the distortion-sensitivity approach to examine the use of specific morphosyntactic cues in
auditory sentence recognition in quiet in 21 adults with moderate to severe CHI and in 22
adults with acquired hearing impairment (AHI). In addition, regression analysis examines the
differential contributions to auditory sentence recognition of bottom-up auditory abilities

(assessed with the digits-in-noise task, SRT_ ) and linguistic proficiency (assessed using

DIN
analysis of the morphosyntactic correctness of the participants’ spoken language production)
within each group. Data obtained with the distortion-sensitivity approach showed that poorer
recognition of grammatically correct sentences in the CHI group, compared to the AHI group,
could not be attributed to a CHI-induced impediment in the use of specific morphosyntactic
cues. Regression analysis showed that the variance in auditory sentence recognition was more

strongly related to bottom-up auditory abilities (SRT ) in the AHI group than in the CHI group.

)
DIN
Linguistic proficiency contributed significantly to auditory sentence recognition in the CHI
group, while it did not in the AHI group. The outcomes of this study show that the impact of
moderate to severe auditory limitations during language acquisition on linguistic proficiency
affects auditory sentence recognition performance in adults. Further research is needed to
gain more specific insight in the mechanisms within the process of sentence recognition that

are affected by moderate to severe CHI.
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INTRODUCTION

When listening to spoken language, people process speech using bottom-up information from
the perceived acoustic signal and higher-level top-down information (e.g., knowledge of the
world, context information, and linguistic knowledge) (Davis & Johnsrude, 2007; Houtgast &
Festen, 2008; Pichora-Fuller,2008; Ronnberg et al., 2013). Inindividuals with hearing impairment,
the quality of the bottom-up signal is reduced and, as a result, speech recognition is impeded.
People with congenital hearing impairment (CHI) may additionally be constrained in speech
recognition by poor top-down use of linguistic knowledge. This hypothesis follows the
observation that acquiring an oral language with limitations in auditory perception may lead to
difficulties with the correct deployment of morphosyntax in spoken language production that
persist into adolescence and adulthood (Delage & Tuller, 2007; Huysmans et al., 2014; Huysmans
etal.,, 2016). If CHI also affects the use of morphosyntactic knowledge in the process of auditory
language recognition, difficulties in speech recognition in individuals with CHI would be due to
both bottom-up and top-down limitations. In the current study, we examine how bottom-up
auditory abilities and top-down linguistic abilities contribute to auditory sentence recognition
in two groups of hearing-impaired adults. To examine the effect of hearing loss during language
acquisition on speech recognition, the performance of adults with moderate to severe CHI
is compared to that of adults with acquired hearing impairment (AHI), who acquired their
language with normal hearing. In line with earlier research in this population (Huysmans et al.,
2016), we use the distortion-sensitivity approach to examine whether differences in auditory
sentence recognition between the two groups of adults can be attributed to differences in the
use of specific morphosyntactic cues. In addition, linear regression analysis is performed within
each group to examine the differential contribution of bottom-up auditory recognition abilities
and linguistic abilities to auditory sentence recognition performance.

The use of linguistic knowledge in top-down processing of speech

In challenging acoustical conditions, like when listening to speech in noise, people with similar
pure tone audiograms vary in their abilities to understand speech (Houtgast & Festen, 2008).
This interindividual variance in speech recognition is attributed to differences in the effect of
hearing loss on bottom-up auditory processing of incoming speech (i.e., a combined effect
of reduced audibility and suprathreshold deficits in spectral and temporal processing (Moore,
1995)) and to differences in the available cognitive resources that are deployed in higher-level
top-down processing (see Akeroyd, 2008, for a review). One specific source of information
that is deployed in top-down processing of speech is the knowledge of the used language.
Speech recognition models indicate that phonological, lexical, morphological, and syntactic
knowledge are used to interpret the content of a message and integrate this into the discourse
(Cutler & Clifton, 1999). Research into the relationship between linguistic abilities and speech
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recognition has focused on the effect of general differences between adults in linguistic
proficiency, i.e., in native versus non-native listeners (Cooke et al., 2008; Garcia Lecumberri et al.,
2010; Goverts et al., 2011; Kaandorp et al., 2016), and on the effect of interindividual differences
in the abilities that support the process of word recognition (e.g., vocabulary size and lexical
access) (Benard et al., 2014; Benichov et al., 2012; Kaandorp et al., 2015; Kaandorp et al., 2016).
Thus far, no research has been done on the specific contribution of differences between people
in the use of morphosyntactic knowledge when processing spoken language. Because the
acquisition of morphosyntax is at risk when oral language is acquired with hearing loss (e.g.,
Tomblin et al., 2015), studying this relation yields insights in possible long-term effects of CHI
on language reception. Therefore, this study examines whether adults with CHI are impeded
in their use of morphosyntactic cues when processing incoming speech. To study this, the
performance of adults with moderate to severe CHI in an auditory sentence recognition task
is compared to that of adults with AHI, who acquired their language while hearing normally.

Context of the current study

The data described in this article were collected as part of a larger study that examines the
consequences of moderate to severe CHI on various aspects of communication in adults.
The leading question of this study was whether adults with CHI are only hindered in their
understanding of spoken language by bottom-up auditory limitations, or whether they are
additionally constrained by CHI-induced limitations in the top-down use of linguistic resources.
To investigate this issue, we first studied in which aspects of linguistic proficiency adults with
moderate to severe CHI differ from two groups of adults who acquired their language with
normal hearing, i.e., adults who were normal hearing (NH) and adults with acquired hearing
impairment (AHI). In their spoken language production, adults with moderate to severe CHI
showed significant problems in the deployment of Dutch morphosyntactic markers that are
specifically at risk when language is acquired with degraded auditory input (Huysmans et al.,
2014, 2016). As the adults with AHI performed within the variance of the adults in the NH group,
the problems of the CHI adults were attributed to their hearing impairment during language
acquisition, rather than to their auditory limitations at the moment of testing (Huysmans et
al., 2016). Thus, earlier findings indicated that the acquisition of Dutch with moderate to
severe hearing loss results in long-term difficulties with the use of specific morphosyntactic
markers in spoken language production. As a next step, we studied whether moderate to
severe CHI also affects the use of specific Dutch morphosyntactic markers in the process
of visual sentence recognition, thus without possible confounding of auditory perceptual
limitations. This research question was examined with a visual masked text recognition task
(i.e., the Text Reception Threshold task (TRT), Zekveld et al., 2007) in which people rely on their
linguistic knowledge to fill in parts of a stimulus sentence that are hidden behind masking
bars. We predicted that the impact of moderate to severe CHI on the acquisition of specific
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morphosyntactic markers would not only be reflected in their spoken language production,
but would also impede the use of these morphosyntactic cues in sentence recognition. As in
the current study, this prediction was examined using the distortion-sensitivity approach (DSA)
(Goverts & Houtgast, 2010; Goverts et al., 2011; Houtgast & Festen, 2008; van Schijndel et al.,
2001b). The DSA was originally applied in the area of psychoacoustics (e.g., van Schijndel et
al., 2001b), but was later shown to be applicable in assessing the use of various linguistic cues
in visual sentence recognition in two groups of adults with an evident difference in linguistic
proficiency (i.e., native and non-native users of Dutch) (Goverts et al., 2011). Following this
approach, we expected that a CHI-induced impediment in the use of specific morphosyntactic
cues would be reflected in poorer recognition of grammatically correct sentences in the TRT
task, while comparing the performance of adults with CHI to that of adults who acquired their
oral language while hearing normally (NH and AHI). In addition, it was expected that CHI adults
would show less decrease in their performance when the TRT task was assessed with sentences
that contained a morphosyntactic error like those that were typically observed in their spoken
language production. This latter prediction followed the assumption that adults with CHI would
be less hindered by morphosyntactic distortions in the TRT sentences because they rely less on
specific aspects of their morphosyntactic knowledge, due to the effect of CHI on its acquisition.
Within the DSA, a lower sensitivity to a distortion in a specific stimulus cue then suggests that
the reduced performance on the original task is caused by an underlying impediment in the
use of that specific cue. In contrast to our expectations, however, the data showed that the
adults with moderate to severe CHI did not significantly differ from the AHI and NH adults in
their ability to repeat visually presented short, grammatically correct sentences, nor in their
sensitivity to the applied morphosyntactic distortions in the sentences (Huysmans et al., 2016).
Hence, the distortion-sensitivity method did not reveal an effect of moderate to severe CHl on
the use of specific morphosyntactic knowledge in sentence recognition in the visual modality.

Outline of the current study

The leading question of this study is how bottom-up auditory abilities and top-down linguistic
abilities contribute to auditory sentence recognition in hearing-impaired adults. This topic is of
interest because the perception of language in the auditory modality is especially prone to be
affected by hearing impairment. Besides, daily communication occurs mainly in this modality,
soitisrelevant toidentify possible long-term effects of CHl on the ability of adults to understand
what has been said. The data were collected in the same AHI and CHI adult population as in the
earlier published study (Huysmans et al., 2016). In this population, regular testing of sentence
recognition in noise, especially when using sentence stimuli containing a morphosyntactic
error, is not feasible because of the severity of the participants” hearing impairment. Even when
listening to speech in quiet while using their own hearing device, the participants perceive
the incoming speech signal with a degraded quality. Hence, they are assumed to always more
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actively deploy their top-down resources when listening to speech, even in quiet. Auditory
sentence recognition is therefore assessed in quiet while the participants use their own hearing
devices.

The research question is examined via two approaches: first, the distortion-sensitivity
approach (DSA) is applied to study the use of specific morphosyntactic cues in auditory
sentence recognition, using the same distortion categories as in the visual modality (Huysmans
etal., 2016). As we found no CHI-induced impediment in the use of particular morphosyntactic
resources in the visual modality, we did not expect this to surface in the auditory modality
either. Nevertheless, we consider it possible that a modality-specific component influences
the use of the morphosyntactic cues when the stimuli are presented acoustically. While in
the visual TRT task, the degradation of the sentence stimuli was arbitrary, i.e., the sentences
were masked by randomly positioned vertical bars, the degradation of the sentences in the
auditory modality is not random because it results from the participants’ own peripheral
auditory limitations. Especially acoustically low salient parts of the stimulus sentences are hard
to perceive for a hearing-impaired person. Because the introduced morphosyntactic errors
in the sentence stimuli typically concern low salient markers, as these are specifically at risk
when language is acquired with degraded auditory input (Huysmans et al., 2014, 2016), the
use of these specific morphosyntactic cues by hearing-impaired participants may be under
more pressure. If moderate to severe CHI results in an impediment in the use of these specific
morphosyntactic cues, assessment of sentence recognition in the auditory modality could thus
be more sensitive to detect this than assessment in the visual modality. Hence, the distortion-
sensitivity approach focuses on the use of specific morphosyntactic cues in auditory sentence
recognition. Second, from a more general point of view, linear regression analysis is performed
to study the differential contribution of a measure of bottom-up speech recognition abilities
and a measure of linguistic proficiency to performance in auditory sentence recognition in

each group of participants. Performance on the digits-in-noise task (SRT, ) is examined as an

)
DIN
auditory predictor, while the number of morphosyntactic errors in a sample of spoken language
is used as a linguistic predictor. If differences in linguistic proficiency due to CHI are of influence
on auditory sentence recognition performance, this measure is hypothesised to explain part of

the variance in sentence recognition within the CHI group.

METHODS AND MATERIALS

Participants

21 Adults with congenital hearing impairment (CHI) and 22 adults with acquired hearing
impairment (AHI) participated in this study. Table 1 shows the groups’ demographic variables
and hearing acuity data. Individual participant characteristics are given in Appendix L.
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Table 1. Demographic information and data on hearing of the two study groups

CHI AHI

n 21 22
Male / Female 8M/13F 7M/15F
Age [in years] Mean 36 52

SD n 7

Range 19-56 34-59
Hearing Aid / Cochlear Implant 15HA/6Cl 17HA/5Cl
Current PTA ;| , 1, @t the best ear Mean 82 67
(unaided) [in dB HL] SD 12 15

Range 55-98 48-97
Word recognition (aided) [in %] Mean 85 91

SD 9 9

Range 73-100 61-100
PTA(o.s,w,zkHz) atthe best ear early in life (unaided) Mean 71 n.a.
[in dB HL] SD 15

Range 35-100

Group data for current PTA ; | , ., are based on the hearing thresholds of the participants that do not
use a cochlearimplant’ (n_, = 15, n,,, = 17). Word recognition scores (% phonemes correct) are assessed
using monosyllabic words (Bosman & Smoorenburg, 1995) in quiet, presented with a loudspeaker at an
intensity of 60, 65, 70, 75, or 80 dB SPL, and perceived by the participants while using their own device(s)
(HA/CI).

The primary difference between the adults with AHIand CHI is determined by the circumstances

in which they acquired their oral language. The adults in the CHI group were born with a

bilateral moderate to severe hearing impairment, confirmed by reviewing anamnestic and/or

audiometric data2. All CHI participants started using hearing aids between the age of 10 months

and 6 years. As the use of hearing aids only partly compensates for the hearing impairment, this

implies that all CHI adults acquired their oral language with limitations in auditory perception.

Over the years, some of the CHI participants have showed a decrease in their hearing acuity,

resulting in the use of a cochlear implant at the moment of testing. The adults in the AHI group

1

In implanted participants, unaided pure tone average thresholds are less relevant, because these
participants’ current auditory abilities are mostly defined by the fitting of the cochlear implant and not
by their unaided hearing thresholds.

Given the age of several CHI participants, collection of audiometric data to define the level of hearing
impairment early in life was not always successful. For 14 of 21 participants, audiometric data from a
young age were available. For the other 7 participants, data for the level of hearing impairment early
in life were derived from either information from their parents (in 4 participants) or from more recent
audiometric data if participants indicated their hearing loss had not changed since childhood (in the

other 3 participants). The variable ‘PTA at the best ear early in life’ (Pure Tone Average, i.e., mean

(0.5, 1,2 kHz)
hearing threshold at 0.5, 1 and 2 kHz) in the CHI group therefore reflects data that were either measured

(n=14) or derived (n = 7).
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were of normal hearing in the period of language development and acquired their hearing
impairment after the age of 12 (mean age at diagnosis of the hearing loss: 28 years (SD = 10)). At
the moment of testing, the distribution of hearing aid users and cochlear implant users within
each group was comparable. Participants were all native Dutch speakers, used an oral language
to communicate in daily life, and reported not to have been in contact with users of a sign
language® before the age of 12. Participants were recruited through audiological diagnostic
centres in the region, hearing aid shops, and advertisements on hearing loss related websites.

Materials and test procedures

Among other tests that were part of the larger study, the participants were assessed using an
auditory sentence recognition task in quiet with grammatically correct and incorrect sentences
(aided), a digits-in-noise test (aided) (Smits et al., 2013), and a task eliciting a spoken language
sample (i.e., the Favourite Game or Sports task (FGST)) (Nippold et al., 2005a).

Sentence recognition in quiet

Auditory sentence recognition was assessed in quiet, using grammatically correct Dutch
sentences and sentences containing a morphosyntactic error. From the Dutch sentence corpus
of Versfeld et al. (2000), 143 sentences were selected to be assessed as grammatically correct
sentences (further abbreviated as Gram). By introducing a morphosyntactic error in other
sentences drawn from the same corpus, ungrammatical sentences were created in 6 distortion
categories: article deletion (DistA), subject-verb agreement error (DistB), preposition error
(DistC), article substitution (DistD), suffix error (DistE), and adverb error (DistF). These categories
were the same as in our previous study (Huysmans et al., 2016) and were based on the error
patterns that were expected or observed in the spoken language production of adults with
moderate to severe CHI (Huysmans et al., 2014). In the following examples, grammatically
incorrect sentences are marked with an asterisk.

3 In the era in which the CHI participants of this study attended primary and secondary school, sign
language was not used in Dutch schools for the hearing-impaired to interact with children who did not
have profound hearing impairment.
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DistA:

DistB:

DistC:

DistD:

DistE:

DistF:

Article deletion: deletion of a compulsory article preceding a noun
Ik kon de auto nog niet starten. * Ik kon auto nog niet starten.

| could not start the car yet. * ] could not start car yet.

Subject-verb agreement error: deletion of 2"/ 3" person singular present tense verb
suffix (zero marking instead of ~t’) or plural verb suffix in a singular context (‘-en’
instead of zero marking or ~en’instead of -t)

Ze vraagt of ik lid wil worden. * Ze vraag_of ik lid wil worden.

She asks me to become a member. * She ask_me to become a member.

Preposition error: deletion or substitution of a preposition
Een oude man zat op een bankje. * Een oude man zat een bankje.

An old man sat on a bench. * An old man sat a bench.

Article substitution: substitution of a definite article preceding a singular noun,
resulting in gender disagreement between article and noun (‘de’ instead of ‘het’
(‘the’) and vice versa)

Bijna niemand kent het bedrijf. *Bijna niemand kent de bedrijf.

Almost nobody knows the company. (translation of the error not possible)

Suffix error: mix of sentences with subject-verb agreement error (as described in
DistB) and sentences with deletion or substitution of the plural noun suffix (s’ or

“en)
Ik eet het liefst beschuit met aardbeien. * |k eet het liefst beschuit met aardbeis.
| prefer to eat toast with strawberries. (translation of the error not possible)

Adverb error: deletion or substitution of ‘er’ (no English translation possible)
in its repletive function, or deletion, substitution or insertion of the locative or
prepositional part of a pronominal adverb.

Onze nieuwe auto is er nog niet. * Onze nieuwe auto is nog niet.

Our new car is not there yet. *Our new car is not yet.

The acoustic stimuli were generated using text-to-speech (TTS) software. This method was

chosen because the naturalness of a speaker’s prosody in live recordings was expected to be

greater in grammatically correct sentences than in sentences with a morphosyntactic error,

introducing an additional trigger for a listener to notice the grammatical deviation in the

sentence. In TTS-generated speech, sentences in both conditions vary in the naturalness of

prosody, so no additional information is given to signal a morphosyntactic error. We compared

the features and output of three types of TTS software and selected the one with the most

natural output, i.e., Nuance Vocalizer Expressive 1.0 (2012). All TTS generated sentences used in

this study were fully intelligible for two normal hearing listeners when presented in quiet at 65

117



Chapter 6

dB SPL*. The sentences were equalized with respect to their RMS sound value. All measurements
were administered using the PC's internal soundcard (RME HDSP 9632), an amplifier (Samson
Servo 4060 quad), and a loudspeaker (Tannoy Reveal) at a distance of approximately 1.5 meters
and 0° azimuth of the listener. The presentation level of the sentences was set at 60, 65, 70 or 75
dB SPL, depending on the loudness level at which each participant reached his/her maximum
score in recognition of monosyllabic words and the participant’s listening comfort. Participants
used their own hearing device(s) with the program and volume setting they preferred for
everyday use.

To allow the participants to habituate to the TTS-generated sentences, an auditory practice
trial was conducted with 13 Gram sentences presented in quiet. Participants were asked to
repeat the sentences and did not receive any feedback on the correctness of their response.
After this, participants practiced in repeating sentences exactly as presented, which implies
that a morphosyntactic error in a distorted sentence had to be repeated as such. To ensure
unrestrained perception in this practice trial, a mix of 30 grammatically correct sentences
and sentences with a morphosyntactic error was presented on a monitor, one by one. Again,
participants did not receive any feedback. After these 2 practice trials, the actual sentence
recognition task was conducted. Seven test blocks of 52 units were administered, with a short
break after each block. Because participants should not be able to predict whether a sentence
was grammatically correct or not, nor which type of morphosyntactic error was introduced in
a sentence, distorted sentences were mixed with grammatically correct sentences. In half the
participants, three test blocks containing a mix of DistA, DistB, DistC, and Gram sentences (13
sentences of each type) were administered first, followed by a test block containing 52 Gram
sentences, and three test blocks containing a mix of DistD, DistE, DistF, and Gram sentences (13
sentences of each type). The order of the test blocks was reversed when assessing the other
half of the participants. A response was scored as correct when the full sentence was repeated
as presented.

4 We further explored the psychometric characteristics of the grammatically correct sentences generated
with TTS software in a pilot study with fourteen normal-hearing adults. Speech recognition in noise was
assessed using live recorded sentences (Versfeld et al., 2000) and sentences from the same corpus that
were generated with the Nuance Vocalizer Expressive 1.0 (2012) software. In each condition, the speech
reception threshold (SRT) was assessed with sentences in stationary noise with the long-term spectrum
of the used sentence material, following an adaptive procedure (Plomp & Mimpen, 1979). The outcome
of this task was the SNR at which 50% of the sentences was repeated correctly. This study yielded SRTs
that were significantly better (paired samples t-test: t = -3.78, df = 13, p < 0.01) for the condition with
the live recorded sentences (mean SRT = -4.85 dB SNR, SD = 0.74), compared to the condition with TTS
sentences (mean SRT = -3.28 dB SNR, SD = 1.26). The mean difference in SRT between the conditions
was 1.6 dB. Versfeld et al. (2000) assessed the SRT using sentence material that was uttered by different
speakers. Between speakers, this yielded a maximum difference in SRT of 1.5 dB. Because the difference
we found was of the same order of magnitude, we considered the use of TTS sentences to be a good
alternative for live recorded sentences for the aim of this study.
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Before each test block, participants were informed about what to expect: they were either
reminded that some sentences in the upcoming test block were grammatically correct and
others were deviant (for the 6 mixed test blocks), or were told that all sentences in the test
block were grammatically correct (for the Gram test block). This information was given to
ensure that participants would fully rely on their linguistic knowledge in the test block with
only grammatically correct sentences. Thus, the sentence recognition score from the Gram test
block (SRGram) was expected to best reflect language recognition in daily life. The SRGram
score was calculated as the percentage sentences correct based on the presentation of 52 Gram
sentences. In the mixed test blocks, listeners were uncertain about the grammatical correctness
of all the sentences and therefore could rely less on their linguistic knowledge. This was
expected to lead to poorer speech recognition of the Gram sentences in the 6 mixed test blocks.
Therefore, we calculated a separate SR score for recognition of Gram sentences in the mixed
test blocks (SRGram-mixed), based on a total of 78 (6*13) Gram sentences. For each distortion
category, a SRDist score was calculated based on the responses to 39 sentences (3*13). In the
recognition of the distorted sentences, performance was presupposed to be influenced by
both the uncertainty about the grammatical correctness and the introduced morphosyntactic
distortion. All sentence recognition (SR) scores were transformed into rationalized arcsine
units (RAU) to linearize the data in relation to the variance (Studebaker, 1985). As a last step,
distortion-sensitivity (DSdist) values were calculated to examine the participants’ sensitivity to
each applied morphosyntactic distortion. The DSdist values were calculated as the difference in
RAU scores between a specific distortion condition (SRDistA till SRDistF) and the SRGram-mixed
score. By using performance in the Gram-mixed condition as the reference for recognition of
grammatically correct sentences, the influence of uncertainty about grammatical correctness
of the sentence was eliminated from the DSdist score. The DSdistA till DSdistF scores thus only
reflect the effect of each type of morphosyntactic distortion on auditory sentence recognition

performance.

Digits-in-noise (DIN) test

The Dutch version of the digits-in-noise test (Smits et al., 2013) was assessed to examine the
participants’ auditory speech recognition abilities while using their own rehabilitation device.
Performance on this task is assumed to mainly reflect bottom-up speech recognition abilities
with relatively small influence of top-down linguistic abilities (Smits et al., 2013; Kaandorp et al.,
2016). Three trials of 24 digit-triplets were presented to each participant, with digits between
0 and 9, pronounced by a male speaker. Participants had to repeat the triplets in the correct
order. The overall intensity level of the speech and noise was kept at 65 dB(A), while the signal-
to-noise ratio (SNR) varied following an adaptive procedure with a 2 dB step size depending
on the correctness of the response. The outcome of the DIN test is the SNR at which 50% of
the digit-triplets is repeated correctly. This speech reception threshold (SRT) is calculated by
averaging the SNR of triplets 5 to 25. Note that triplet 25 was not actually presented, but its SNR
is defined by the SNR of triplet 24 and the correctness of the participant’s response. Auditory
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signals for the DIN test were generated using the same hardware as in the sentence recognition
task with the subject seated in the same position.

Assessment of morphosyntactic correctness of the spoken language production

The Favourite Game or Sports Task (Nippold et al.,, 2005a) was used to elicit a sample of
spoken language in expository discourse, a genre that challenges a speaker to tap into their
linguistic resources. Compared to conversational or narrative discourse, expository discourse is
characterised by syntactically more complex language and is a more sensitive genre to detect
syntactic deficits (Nippold et al., 2005a; Nippold et al., 2008). Details of the elicitation procedure
for spoken language production are given in Appendix |. The obtained language samples were
analysed for morphosyntactic correctness, as the deployment of morphosyntax is shown to be
atriskin adolescents and adults with CHI (Delage & Tuller, 2007; Tuller & Delage, 2014; Huysmans
et al., 2014). All morphosyntactic errors in the sample were identified and counted. For more
detailed analysis, as discussed in Huysmans et al. (2016), observed errors were categorised into
seven error types. For the current study, however, only a general measure for morphosyntactic
correctness was used, i.e., the total number of morphosyntactic errors, with values rescaled for
the number of utterances in the subject’s sample (i.e., number of errors / number of utterances
in the sample * 100).

RESULTS

The main outcome measures of this study were the scores on sentence recognition in quiet of
grammatically correct sentences and the participants’ sensitivity for 6 types of morphosyntactic
distortion in auditory sentence recognition. Bottom-up auditory recognition abilities were
assessed with the digits-in-noise task, while the number of morphosyntactic errors in an elicited
sample of spoken language was used as a measure of linguistic proficiency. After performing
group comparisons (CHI vs. AHI) for the auditory sentence recognition measures, the outcomes
of the digits-in-noise task and the measure for morphosyntactic correctness of spoken language
production are examined as possible predictors to explain variance in performance in sentence
recognition within each group.

Auditory sentence recognition

Exploration of the data

Sentence recognition (SR) scores were transformed into rationalized arcsine units (RAU) to
linearize the data in relation to the variance (Studebaker, 1985). Table 2 shows descriptive data
of the group outcomes in each sentence recognition condition.
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Table 2. Descriptive data of the outcomes in eight sentence recognition conditions

AHI CHI
SR (%) SR (RAU) SD (RAU) SR (%) SR (RAU) SD (RAU)
Gram 84.5 89.7 20.2 60.3 62.6 33.1
Gram-mixed 80.9 83.6 18.0 56.9 574 274
DistA 59.1 59.8 27.3 31.9 29.2 29.2
DistB 44.6 44.0 28.1 21.0 14.4 28.5
DistC 48.8 48.0 29.2 21.6 16.5 28.0
DistD 61.7 62.8 30.2 329 29.0 32.5
DistE 49.7 48.5 28.5 224 17.0 28.9
DistF 62.5 63.3 27.7 36.9 36.5 22.2

For the sentence recognition percentages (SR (%)), mean values are given for each group in each test
condition. For the RAU transformed sentence recognition scores, mean values (SR (RAU)) and standard
deviations (SD (RAU)) are given. Data are based on the presentation of 52 sentences in the Gram
condition, 78 sentences in the Gram-mixed condition®, and 39 sentences in all distortion categories (n
=22,n_, =21 (except for DistD, DistE, and DistF, where n_, = 20)).

AHI

CHI

Sentence recognition for grammatically correct sentences

Group comparisons for recognition of grammatically correct sentences (Gram and Gram-
mixed) were based on the RAU scores as presented in Table 2. As these RAU scores showed
normal distribution, parametric tests were used to compare the performance of the AHI and
CHI group. Independent samples tests showed significant differences between groups for both
test conditions with grammatically correct sentences [Gram scores: t = 3.22, df =32.83; p < 0.01;
=22,n_, =21].The adults in the CHI group thus
showed poorer auditory sentence recognition scores than the adults in the AHI group.

Gram-mixed scores: t=3.72,df =41;p < 0.01; n

AHI CHI

Sensitivity for morphosyntactic distortions

A participant’s sensitivity to an applied distortion in sentence recognition was quantified by
the distortion-sensitivity (DSdist) value, calculated as the difference in RAU score between a
specific distortion condition and the Gram-mixed condition. Figure 1 shows the mean values
and standard deviations for the DSdist values of the CHI and AHI group for each of the 6
distortion conditions.

5 One CHI participant showed great difficulty in recognizing the sentences of the three mixed test blocks
with DistA, DistB, DistC, and Gram sentences. At her instigation, the mixed test blocks with DistD, DistE,
DistF, and Gram sentences were therefore not assessed. For this CHI participant, the SRGram-mixed score
is based on 39 presented sentences, while no scores for SRDistD, SRDistE, and SRDistF are available.
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Figure 1: Group scores for the distortion-sensitivity values (DSdist) for 6 categories, calculated as the
difference in RAU score between the Gram-mixed condition and each distortion condition. Group means
for the AHI and CHI group are given, with error bars representing + 1SD from the mean (n,,, =22, n_, =21
(except for DSDistD, DSDistE, and DSDistF, where n_, = 20)).

Independent samples tests were performed on the DSdistA to DSdistF values to examine
group differences in sensitivity to morphosyntactic distortions. Using Bonferroni adjusted
alpha levels of 0.008 per test (0.05/6), no significant difference between the AHI and CHI group
was found (p values ranging from 0.028 to 0.481). This finding indicates that the groups do
not differ significantly in their sensitivity to the applied distortions in the auditory sentence

recognition task.

Contribution of an auditory and linguistic measure to auditory sentence
recognition

Two simple linear regression analyses were done within each group to examine whether a
measure for bottom-up speech recognition abilities (SRT ) and a measure assessing one aspect
of linguistic proficiency, i.e., number of morphosyntactic errors in spoken language production,
explained (part of) the variance in auditory sentence recognition performance (RAU scores in
the Gram condition (SRGram (RAU)). Figures 2 and 3 show the data of the auditory and linguistic
measure (as published in Huysmans et al., 2016) in relation to the auditory sentence recognition

scores.
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Figure 2: Individual outcomes of all AHI (grey circles) and CHI (black triangles) participants for auditory
sentence recognition of grammatically correct sentences (SRGram (RAU)) as a function of the digits-
in-noise test (SRT, ). For each group, a regression line shows the significant relation between the two

parameters (grey dashed line for AHI, black solid line for CHI).
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Figure 3: Individual outcomes of all AHI (grey circles) and CHI (black triangles) participants for auditory
sentence recognition of grammatically correct sentences (SRGram (RAU)) as a function of morphosyntactic
correctness of spoken language production (number of morphosyntactic errors). For the CHI group, a
regression line shows the significant relation between the two parameters.
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The results of the simple linear regression analyses (Table 3) showed that within the AHI group,
66% of the variance in SRGram (RAU) was explained by SRT_ . Within the CHI group, less
(40%). The influence of number of morphosyntactic errors

DIN®

variance was explained by SRT,
differs between groups: this measure did not contribute to explain the variance in SRGram
(RAU) in the AHI group, while it significantly contributed to explain the variance within the CHI

group (30%).

Table 3. Prediction of auditory sentence recognition of grammatically correct sentences (SRGram (RAU))
by SRT_, and number of morphosyntactic errors in spoken language production within the AHI and CHI

group
Simple linear regression

AHI group CHI group
(n=22) (n=21)
Predictor B R? p B R? p
SRT, -4.030 0.658 0.000 -5.316 0.397 0.002
Morphosyntactic errors -0.054 0.000 0.949 -0.792 0.306 0.009

B = regression coefficient; R? = R? value per predictor; p = level of significance

DISCUSSION

In this study, we examined whether moderate to severe congenital hearing impairment (CHI)
affects the top-down use of linguistic resources in auditory sentence recognition. The data of
the distortion-sensitivity approach showed that poorer auditory sentence recognition in the
CHI group could not be explained by poorer use of specific morphosyntactic cues. Regression
analysis, however, showed that a measure that assessed one aspect of linguistic proficiency
did influence auditory sentence recognition in the CHI group, while this measure did not
contribute to the performance in the AHI group. The outcomes of this study suggest that CHI
does affect the top-down use of linguistic resources in the process of recognizing simple, short
sentences that were presented acoustically, though CHI does not specifically affect the use of
the morphosyntactic cues we distorted in the DSA.

We predicted that adults with moderate to severe CHI would be impeded in their use of
specific morphosyntactic cues due to the impact of CHI on the acquisition of this specific
morphosyntactic knowledge. As in the visual modality (Huysmans et al., 2016), assessment of
auditory sentence recognition following the DSA showed no significant differences between
groups in their sensitivity for the specific morphosyntactic distortions. Even in the modality
that was assumed to be most sensitive for examining a possible CHI-induced constraint, the
results of the DSA thus exclude that the CHI group’s poorer recognition of grammatically
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correct sentences in quiet is caused by an underlying impediment in the use of the specific
morphosyntactic cues.

Nevertheless, despite the findings of the DSA, the results of regression analysis indicate that
differences in linguistic proficiency due to the effect of CHI on language acquisition do play
a role in auditory sentence recognition. The measure we used to assess linguistic proficiency,
i.e., the number of morphosyntactic errors in spoken language production, explained variance
within the CHI group, but not within the AHI group. It is evident that the ability to deploy
morphosyntactic knowledge in spoken language production, as reflected in the number
of errors in the spoken output, is not directly used when listening to spoken sentences. The
association between this measure and auditory speech recognition thus indicates that CHI has
affected abilities, that are used in the auditory sentence recognition task that are somehow
related to the measured ability in spoken language production. As explained in the introduction,
auditory sentence recognition requires phonological, lexical, morphological, and syntactic
processing (Cutler & Clifton, 1999). Abilities that support lexical processing (like vocabulary
size and lexical access abilities) were shown to contribute to the recognition of words or
sentences in adverse conditions in native and non-native normal-hearing adults (Benard et al.,
2014; Kaandorp et al.,, 2016). If moderate to severe CHI has affected the size of the participants’
vocabulary or their lexical access abilities, this may underlie the association we found in our
data. For the other areas of linguistic processing that are involved in the recognition of short,
simple sentences as used in this task, it remains difficult to hypothesize which specific aspects
may be affected by CHI. Research on how readers and listeners use linguistic structures in the
process of language comprehension (see Clifton & Duffy, 2001, for a review) mainly concerns the
understanding of syntactically more complex sentences, compared to the sentences used in
this study. Furthermore, sub processes within speech-recognition models (e.g., Cutler & Clifton,
1999) are not specific enough to propose claims about which mechanisms might be affected
by CHI. Hence, our data lead to the conclusion that differences in linguistic proficiency due to
CHI are of influence on auditory sentence recognition performance, though further research is
needed to examine which mechanisms the consequences of CHI intervene in.

Following the findings of the regression analysis in the current study, the question arises
whether the linguistic measure used in this study also explains (part of) the variance in
visual sentence recognition within the CHI group. Therefore, the data described in our earlier
publication (Huysmans et al., 2016) were further examined. Post hoc regression analysis
was performed with the outcomes of the TRT task for recognition of grammatically correct

sentences as the dependent variable and measures for bottom-up auditory abilities (SRT,, ) and

)
DIN
linguistic proficiency (number of morphosyntactic errors in spoken language production) as
) did not contribute

to explain variance in TRT outcomes within both groups, while the measure of linguistic

possible predictors. This analysis showed that the auditory measure (SRT_
proficiency explained part of the variance within the CHI group (R? = 0.307; B = 0.116; p < 0.07;
N, = 21) and not within the AHI group (R? = 0.040; B = 0.145; p > 0.05; n,,, = 22). This finding

AHI
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supports the conclusion that CHI affects the use of top-down linguistic resources in sentence
recognition and that this effect is independent of modality.

To the best of the authors’ knowledge, this study is the first that examines the effect of impeded
linguistic proficiency as a consequence of CHI on language recognition outcomes. In a review
listing various adverse conditions that affect speech recognition abilities, Mattys et al. (2012)
identified non-nativeness as an evident source of linguistic limitations within the receiver.
The findings of the current study indicate that CHI should be considered as another source
of variance in linguistic proficiency that influences language processing, independently of the
modality. Given the explorative character of this study and its relatively small study population,
however, further research is needed to strengthen this conclusion.

From a clinical perspective, the outcomes of the current study are relevant when making
predictions about the benefit in auditory speech reception that can be expected when a
patient uses a hearing device. As the data of this study show, bottom-up auditory speech
recognition abilities with a hearing device predict an individual’s auditory sentence recognition
to a significant extent. However, our data also show that the linguistic proficiency of adults who
acquired their oral language with auditory limitations (as in CHI) also contributes to auditory
speech recognition performance, and thus to the expected benefit of auditory rehabilitation.
In this context, analysis of morphosyntactic correctness of the spoken language production of
a patient with CHI is of additional value to formulate expectations about the benefit of auditory
rehabilitation.

In conclusion, the current study showed that differences in linguistic proficiency due to
moderate to severe auditory limitations during language acquisition influence auditory
sentence recognition performance in adults. Additional analysis of the participants’ data on
visual language recognition showed that this effect occurs independently of modality. The
DSA data did not yield any evidence for a CHI-induced impediment in the use of specific
morphosyntactic cues. Thus, further research is needed to gain more specific insight in the
mechanisms within the process of sentence recognition that are affected by moderate to
severe CHI.
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General discussion

Does moderate to severe congenital hearingimpairment (CHI) affect the use of morphosyntactic
knowledge in spoken language production, written language production, visual sentence
recognition, and auditory sentence recognition in adults? This was the main question in
the series of studies that are described in this thesis. In this final chapter, the main findings
of the studies are discussed, as well as how these findings contribute to the research field.
Furthermore, possible directions for future research and clinical implications are considered.

The effect of moderate to severe CHI on language production in adults

The data of the subsequent studies in this thesis showed that adults with moderate to severe
CHI had selective difficulties with the deployment of particular aspects of morphosyntax in
spoken language production (chapter 2 and 5). These difficulties were not attributed to current
limitations in auditory perception, but to perceptual limitations during language acquisition
(chapter 5). In written language production, no significant problems with the deployment of
morphosyntax were observed on a group level (chapter 3). However, within the group of adults
with moderate to severe CHI, the outcomes of morphosyntactic correctness were associated
with the degree of hearing impairment during childhood, both in the written and spoken
modality (chapter 2 and 3). This gradual effect of CHI on linguistic outcomes is in line with the
inconsistent access account (Moeller & Tomblin, 2015), which predicts that more limited access
to linguistic input during language acquisition results in more pronounced effects on linguistic
abilities. Despite the absence of a group difference in the morphosyntactic correctness of
written language production, this association suggests that consequences of CHI on written
language production may be expected in adults who have a more severe degree of CHI
(chapter 3).

The relationship between error patterns and hearing loss during language acquisition

The role of auditory perception in the acquisition of morphosyntax was not only reflected in
the association between linguistic outcomes and the degree of the participants’ congenital
hearing loss, but also in the specific error patterns in the spoken language production of adults
with CHI: most observed errors were (at least partly) accounted for by perceptual salience. In
chapter 2, the errors were discussed in view of the position of the various Dutch morphological
markers on a perceptual salience continuum. Morphological markers that were positioned
at the least salient side of the continuum, and thus characterized as being relatively hard to
perceive acoustically, appeared to be specifically vulnerable when acquired with impaired
hearing. Low perceptual salience explained errors in the use of inflectional suffixes in Dutch
present tense verb conjugation, and in the use of the Dutch definite articles de and het (the).
Within the paradigm of verb conjugation in the present tense, most errors concerned the
least salient inflectional marker (2"/3% singular suffix t’). Likewise, within error categories for
which no significant group differences were found, specific patterns could be explained by
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the relative perceptual salience of the corresponding morphological markers. Errors in noun
plural marking mostly concerned the use of the least salient noun plural suffix ~s’, while less
errors occurred in the use of the more salient noun plural suffix ~en’. For the use of determiners,
errors in gender agreement between a singular noun and the definite articles de and het were
observed in both directions: the common gender article de was (incorrectly) combined with
neuter nouns, while the neuter article het was (incorrectly) combined with common nouns.
In the course of Dutch language acquisition, either as a first or a second language, a stage in
which the common article de is overgeneralized to neuter nouns, is normal, due to the higher
frequency of de in the input (Orgassa & Weerman, 2008). Thus, the bidirectional pattern in
article substitutions that was observed in the spoken output of adults with moderate to severe
CHI suggests that the acquisition of grammatical gender in individuals with moderate to severe
CHI, was influenced by another factor than frequency differences in the input. Because Dutch
definite articles are generally unstressed and are situated close to each other on the perceptual
salience continuum, the uptake of determiners preceding a noun could be inconsistent due to
the hearing loss. Inconsistencies in the uptake are then likely to account for the bidirectional
patternin the determiner substitutions. Thus, perceptual salience seems a key factor underlying
the observed performance errors in the spoken language production of adults with moderate
to severe CHI.

Besides perceptual salience, the relatively high grammatical complexity to use Dutch pronominal
adverbs was discussed as an additional factor accounting for the substantial occurrence of
adverb errors in the spoken language production of adults with moderate to severe CHI. In
adult learners of Dutch as a second language, difficulties with gender agreement between
determiners and nouns, with the use of the Dutch adverb er, and with pronominal adverbs are
also often observed. From second language research, it is suggested that language learners
need a certain threshold in the uptake of language within an age-related timeframe to acquire
specific aspects of a language successfully (e.g., Sorace, 2005). Hence, because congenital
hearing impairment affects the amount of uptake of the linguistic input and may thereby
lead to a less efficient use of the timeframe that is critical for successful acquisition of specific
aspects, long-term effects of CHI on language production may resemble the difficulties that are
observed in adult learners of Dutch as an additional language. The observed errors in our data
support this prediction.

Discussion of our findings in view of the vulnerable marker hypothesis

The findings with regard to the morphosyntactic correctness of spoken and written language
production of adults with moderate to severe CHI were interpreted within the framework
of the vulnerable marker hypothesis (Bishop, 1994). This hypothesis states that problems in
the expression of morphosyntactic markers that are vulnerable in the process of language
acquisition surface when communication demands challenge the language production
system, while they do not appear in conditions that are less taxing. In line with the vulnerable
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marker hypothesis, the adults with CHI in our studies show specific vulnerabilities in their
language production that can be related to the conditions under which their language was
acquired. The errors in the spoken language production of the CHI adults are not random,
but seem to be associated with hearing loss during language acquisition. This indicates that
CHI has affected specific parts of their language. Thus, our data identify the markers of Dutch
that are vulnerable when acquired with impaired hearing. The vulnerable marker hypothesis
also applies to the conditions in which performance problems surface: the occurrence of
errors seems to depend on the amount of strain the language production system is under.
Within each modality, the level of strain is related to the task demands (e.g., a task to elicit
language in expository discourse has relatively high demands because participants have to
tap into their cognitive and linguistic resources) and may vary depending on the linguistic
context (e.g., earlier research suggests that errors in spoken language production are more
likely to occur in longer, complex utterances than in short, simple utterances (Bishop, 1994;
Franck et al., 2002). The influence of variance in the level of cognitive strain is reflected in the
participants’ variability in performance, i.e., morphosyntactic structure errors are made in one
utterance, while the same structure is produced correctly in errors another utterance. Between
modalities, constraints that are specific for each modality seem to influence the chance pf
performance errors occurring. In the task we used to elicit written language, production was
less time constrained than in the spoken modality. Moreover, while writing, explicit linguistic
knowledge could be consulted during recurring cycles of revision, while this was not possible
when producing spoken language. Thus, the task we used to elicit spoken language may have
taxed the participants’ capacities to a greater extent than the language production task in the
written modality. Modality-specific constraints are thus likely to explain the differences in the
outcomes of group comparisons between the two modalities.

Interpretation of the results on language production

Inline with the framework of the vulnerable marker hypothesis, the variability in the performance
ofadults with moderate to severe CHlin theirlanguage production (chapters 2, 3,and 5) suggests
that the adults are not impaired in their knowledge of the morphosyntactic paradigms in which
they show difficulties. When the demands of the communicative context allow for it, the adults
are able to correctly deploy their knowledge in the process of language production. Acquiring
an oral language with impaired hearing thus rather seems to induce an increased vulnerability
in the implementation of the acquired knowledge than an impairment in the knowledge itself.
We proffer that the increased vulnerability in the use of linguistic knowledge is a possible
result of a lower level of ‘consolidation” of morphosyntactic knowledge. If knowledge is firmly
established within the language of an individual, conditions that put considerable strain on
the capacity of the language production system will be less likely to induce a problem in the
deployment of that knowledge. Given the association we found between the degree of hearing
loss during language acquisition and the adults’ morphosyntactic performance in writing and
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in speech, the gradual effect of inconsistent access to linguistic input seems to be reflected in
the level of consolidation of the morphosyntactic knowledge.

The effect of moderate to severe CHI on language recognition in adults

Aswefoundalong-term effect of moderate to severe CHl on the deployment of morphosyntactic
knowledge in spoken language production, we examined whether consequences of CHI could
also be found in the use of this knowledge in the domain of language reception. This topic
was addressed by examining sentence recognition in the visual modality (chapter 5), thus
without confounding of differences in auditory abilities, and in the auditory modality (chapter
6). Two approaches were used: the distortion-sensitivity approach (DSA) was applied to assess
the specific contribution of a selection of morphosyntactic cues to sentence recognition
performance (chapter 5 and 6), while regression analysis was performed to examine the
differential contribution of bottom-up auditory abilities and top-down linguistic abilities to
sentence recognition (chapter 6).

The use of specific linguistic cues in sentence recognition

Before using the DSA in our studies with adults with moderate to severe CHI, its applicability for
assessing the use of various linguistic cues in sentence recognition in adverse conditions was
demonstrated in two groups of adults with an evident difference in linguistic proficiency, i.e., in
native and non-native users of Dutch (chapter 4). Auditory sentence recognition performance
was assessed, as well as the adults’ abilities to recognize masked text stimuli that were either
correct Dutch sentences or sentences distorted in their lexical, syntactic, or semantic content.
The data showed that the reduced performance of non-native participants on the Text
Reception Threshold (TRT) task with correct Dutch sentences, compared to the performance
of native participants, could be attributed to the non-native participants’ poorer abilities to
exploit lexical and syntactic cues. Because sentence recognition performance was affected by
non-nativeness in both the auditory and visual modality, we assumed that the same linguistic
aspects that influence the TRT also contribute to the performance in the auditory modality.
Thus, these differentiated results on the use of specific linguistic cues in the two groups showed
the potential of the DSA for further research into the use of other specific linguistic cues when
recognizing sentences in adverse conditions.

In contrast with the groups that were assessed in chapter 4, differences in linguistic proficiency
between adults with moderate to severe CHI and adults who acquired their language while
hearing normally were more subtle. As the data in chapter 2 and 5 showed, morphosyntactic
correctness of spoken language production was an aspect of proficiency in which a long-term
consequence of auditory limitations during language acquisition could be objectively assessed.
As explained earlier, the adults’ selective difficulties with morphosyntax in language production
were assumed not to result from impaired morphosyntactic knowledge, but from an increased
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sensitivity to loss when the language production system is strained. Using the DSA in the visual
and auditory modality, the studies in chapter 5 and 6 examined whether hearing loss during
language acquisition had affected the exploitation of specific morphosyntactic cues in the
process of sentence recognition. In both modalities, distortion of the morphosyntactic cues
yielded a decrease in the participants’ performance, indicating that the cues were actually used
in the tasks under assessment. However, as the adults with CHI did not differ from the NH and
AHI adults in their sensitivity to the distortions, our data indicated that, when processing short
sentences in adverse conditions, the CHI adults’ exploitation of these specifically examined
morphosyntactic cues, had not been affected by their auditory limitations during language
acquisition.

In the studies of this thesis, language recognition was assessed with a sentence recall task.
This type of task is generally used to assess hearing-impaired individuals’ speech recognition
abilities in clinical practice (Nilsson et al., 1994; Plomp & Mimpen, 1979). A better insight into the
influence of CHI-induced differences in linguistic proficiency on the outcomes of this task was
therefore of additional value to the clinic. The question arises why the CHI adults’ vulnerability
in the correct deployment of specific morphosyntactic markers in language production was not
directly reflected in the exploitation of this knowledge in the sentence recall task. Differences
between the processes used in language production and language recognition are likely to
explain this. In the sentence recall task, the correct response was partially given, so linguistic
knowledge was used only to complete missing information. In the language production task,
in contrast, produced utterances depended completely on the participants’ active deployment
of linguistic knowledge. Therefore, recalling sentences is probably a task that is not sensitive
enough to assess possible differences between the adults with CHI and the reference groups
in their use of the morphosyntactic cues under study. Assessment of adults with CHI with a
self-paced reading or listening task (Marinis, 2003; Vasi¢ & Blom, 2011) could be a more sensitive
method to study this issue.

The contribution of auditory and linguistic abilities to sentence recognition

In chapter 6, regression analysis was performed to examine the differential contributions
of a measure of bottom-up auditory abilities and a measure of linguistic abilities to the
auditory and visual sentence recognition performance of adults in each group. The results
showed that CHI-induced differences in linguistic abilities, as assessed by analyzing the
morphosyntactic correctness of spoken language production, explained part of the variance
in sentence recognition performance within the CHI group. This finding implies that acquiring
a language in the context of moderate to severe CHI does affect the processes that are used
in the recognition of short sentences in adverse conditions in both modalities (chapter 6).
Thus far, it is unclear which specific sub processes of language recognition that are somehow
related to the measured ability in spoken language production, are affected by CHI. As the
language production data suggest that CHI has impacted the level of consolidation of specific
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morphosyntactic knowledge in the participants’ language, linguistic abilities that are used
in sentence recognition and that depend on this level of consolidation could be affected in
a similar way. Furthermore, CHI could have an impact on other linguistic and more general
cognitive resources that are used in sentence recognition. If CHI has induced an impediment
in the use of more general cognitive resources like memory capacity and other executive
functions (Kronenberger et al., 2013), this would also affect sentence recognition performance.

Methodological considerations and suggestions for further research

All studies in this thesis were designed to explore possible long-term consequences of moderate
to severe CHI on various aspects of language production and language reception. The choice
of research methodologies was based on previous studies in other populations and adapted
for use in a population of adults with CHI. Due to the explorative character of the studies, the
outcomes should be interpreted with some caution.

The type of research as conducted in this thesis is generally based on relatively small numbers
of participants. Despite the small sample sizes, the outcomes of the analysis of morphosyntactic
correctness of the spoken language production of the 20 adults with moderate to severe CHI
in chapter 2, were replicated in a study sample of 21 different adults with moderate to severe
CHI in chapter 5. The replication of the findings in another study population strengthens the
conclusions we drew regarding the aspects of Dutch morphosyntax that are at risk when
acquired with impaired hearing. For the outcome measures of the other research topics, i.e., for
written language production, visual sentence recognition, and auditory sentence recognition,
no significant differences in performance between the groups under study were found. The
relatively small sample sizes could account for this finding and it is unclear whether it would
hold in a study including more participants.

The studies in this thesis evoke additional research questions, sketching the outlines of
possible future studies. First, further analysis into the type of errors in which adults with CHI
distinguish themselves from adults who acquired their language while hearing normally could
be valuable. As stated in chapter 3, we consider it possible that the error types we used to
categorize the observed errors were too general, thereby possibly concealing more differences
in morphosyntactic correctness between the CHI adults and the reference group. Second,
the use of specific morphosyntactic cues in sentence recognition could be more adequately
assessed using a task with an outcome measure that is more sensitive to possible differences in
processing. As stated earlier, a self-paced reading or listening task (Marinis, 2003; Vasi¢ & Blom,
2011) could be an appropriate alternative for the sentence recall task used in the studies of this
thesis. Third, the contributions of bottom-up auditory abilities and top-down linguistic abilities
to auditory speech recognition were examined with a task using short Dutch sentences that
were relatively simple in their linguistic structure, i.e., containing a main clause and no more
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than one dependent clause. Utterances used in daily communication are generally longer and
often contain several dependent clauses, varying in their level of embedding. It is therefore
likely that the outcomes of our study in chapter 6 underestimate the effect of moderate to
severe CHI on the adults’ speech comprehension abilities in daily life. Available cognitive
resources are called upon to a larger extent when understanding continuous speech than
when repeating sentences. Therefore, assessing language reception with tests for ongoing
speech comprehension is expected to yield a more representative representation of an
individual's speech comprehension abilities in daily life (Best et al., 2016). Last, future research
into the consequences of CHI on the use of top-down resources in language recognition should
include an assessment of more general cognitive abilities. It is well known that inter-individual
variance in the use of cognitive resources influences language recognition and that hearing
impairment affects various aspects of this top-down processing (Arlinger et al., 2009). However,
it is yet unclear how the acquisition of linguistic and non-linguistic cognitive abilities with
impaired hearing specifically affects sub processes used in language recognition. To examine
this, a comparison could be made between the performance of adults with AHI and adults
with CHI on various cognitive tasks and on a measure for the effort deployed during speech
recognition. The use of pupil dilation as a measure of listening effort suggests that top-down
processing (also referred to as processing load) increases when speech intelligibility decreases
(Zekveld et al., 2011). In addition, interindividual differences in cognitive abilities are related to
the processing load evoked by speech perception (Koelewijn et al., 2012). We suggest that the
impact of CHI on the acquisition of linguistic and non-linguistic cognitive abilities could be
reflected in their processing load during speech recognition, as well as in the relations between
this measure and more general cognitive abilities.

Implications for clinical practice

From a clinical point of view, the studies in this thesis yield valuable and relevant results as
they indicate that the effects of moderate to severe CHI on language production and language
recognition in adults are subtle, specific, and persistent. In addition, the data show that
selective weaknesses in the deployment of morphosyntax in spoken language production,
surface depending on the cognitive demands of the communication situation. For the clinical
practice, this implies that outcomes of tests assessing language production in individuals with
CHI should be interpreted within the context of the specific demands of the task. When the
cognitive demands of a language production task do not strain the capacity system of the
assessed individual, the outcomes of the test may underestimate possible consequences of
CHI on their linguistic abilities. Therefore, the findings of the studies in this thesis show the
importance of using cognitively challenging tests in the clinical evaluation of language
production abilities of people with CHI.
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For professionals working in health care with adults who are hard of hearing, the outcomes
of this thesis are relevant as they identify aspects of communication in which adults with
congenital hearing impairment (CHI) may differ from adults with acquired hearing impairment
(AHI). The consequences of CHI affect auditory speech recognition performance and thus the
expected benefit of auditory rehabilitation. This aspect should therefore be taken into account
in clinical practice. The expected benefit of auditory rehabilitation is generally based on the
degree of hearing impairment of the patient, combined with general knowledge of how a
hearing device is expected to support bottom-up auditory processing of the acoustical signal.
However, if a patient acquired their oral language with impaired hearing, the result of auditory
rehabilitation may not be as expected, due to a smaller contribution of top-down processing
to language recognition performance. Thus, analysis of morphosyntactic correctness of the
spoken language production of a patient with CHI could be of additional value to a professional
to yield insight in the degree to which CHI has affected the acquisition of language.

Within the context of current hearing health care, the conditions in which children with
congenital hearing impairment are growing up now, differ in certain aspects from the
conditions in which the CHI participants of the studies in this thesis were raised. Over the last
decades, innovations were introduced that assure early identification of hearing impairment
in young children, allowing auditory rehabilitation to start at an early age. Furthermore,
the hearing aids and cochlear implants that are currently used, are technically superior to
the devices that were used when the participants of the studies in this thesis were children.
Hence, one could ask whether our findings still apply to the current generation of children that
are diagnosed with CHI. Tomblin et al. (2015) showed that, in a large group of children who
were nearly all diagnosed with mild to severe hearing impairment subsequent to newborn
screening, and who were rehabilitated with state-of-the-art hearing aids, inconsistent access to
linguistic input due to hearing impairment has a gradual effect on linguistic outcomes. Despite
the early rehabilitation and positive effect of state-of-the-art hearing devices on the bottom-
up auditory abilities of children, the acquisition of language is thus still at risk. Diagnostics
and rehabilitation in children with CHI should therefore not only increase their bottom-up
auditory processing abilities, but should also strengthen the acquisition and consolidation of
linguistic resources that are used in both language production and language reception. Hence,
we stress the importance of fine-grained linguistic diagnostics in children with CHI during
the course of language development, followed by speech and language therapy with a focus
on the language-specific aspects that are vulnerable when acquired with impaired hearing.
Though more research is needed to determine which therapy techniques are most effective
in morphosyntax intervention (Proctor-Williams, 2009), morphological training is shown to
improve the morphological knowledge and language production abilities of children with
severe to profound CHI (Bennett et al., 2014; Bow et al., 2004). Speech and language therapy
with an extra focus on advancing the acquisition and consolidation of specific morphosyntactic
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knowledge in children with moderate to severe CHI thus may prevent long-term consequences
of CHI as observed in the studies of this thesis.

Recommendations for linguistic diagnostics in children with CHI

Assessment of the linguistic abilities of children with moderate to severe CHI needs to be
sensitive and specific enough to detect deviancies in the acquisition of morphosyntactic
aspects that are specifically at risk when acquired with impaired hearing. As our data show,
vulnerabilities in morphosyntactic attainment may surface depending on the demands of
the task and on the scope of abilities that are assessed by the task. Therefore, the sensitivity
and specificity of language tests should be evaluated from this perspective. In addition, a
standardized norm-referenced score, used to evaluate the outcome of an individual child on
a language test, should be interpreted with caution. Generally, a child’s test score is defined as
reflecting normal development if the child performs within the normal variance of a reference
group of peers. However, linguistic outcomes should be evaluated in view of other aspects of
the cognitive development of a child to identify possible discrepancies. As Tomblin et al. (2015)
showed, the sole reliance on norm-referenced scores may underestimate the real effect of CHI
on linguistic abilities. A child’s performance on a test may be within the normal range of a norm
group, though when comparing the score to that of a norm group of peers that are equal in
their socio economic status, a significant delay may become apparent (Tomblin et al., 2015).
Thus, assessing the possible effect of CHI on linguistic abilities with standardized tests has its
limitations. Given these limitations, the added value of analysis of language production with a
focus on morphosyntax should be emphasized. Specific vulnerabilities that are not identified
when using a standardized test may be revealed when a sample of spontaneous language is
analyzed (Hadley, 1998).

Recommendations for speech and language therapy in children with CHI

Based on the findings of the studies in chapters 2 and 5, and in line with other research (e.g.,
Hammer & Coene, 2016; Tomblin et al., 2015), we recommend an additional focus within
speech and language therapy in children with CHI who acquire Dutch on the following aspects

(examples of utterances containing an error are marked with an asterisk):
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e Noun gender agreement between determiner and noun (de/het (the), deze/dit (this))

* De bal moet dus binnen het rechthoek zijn.
De bal moet dus binnen de rechthoek zijn.

The ball must be within xxx [substitution of common definite article de for neuter
definite article het] rectangle.

e Obligatory use of determiners in front of particular types of nouns and in particular
syntactic positions

* De service moet in servicevak.

De service moet in het servicevak.
The service has to go into [@] [neuter definite article het] service box.
e Verb conjugation using inflectional suffixes

* Maar als je in een peloton fiets, (...).
Maar als je in een peloton fietst, (...).

But when you ride [omission of 3" person singular suffix “t'] in the peloton, (...).
e Markers for pluralisation of nouns

* En twee tegenstander proberen een doelpunt te maken.
En twee tegenstanders proberen een doelpunt te maken.

And two opponent [omission of noun plural marker *~s’] try to score.

e Use of Dutch pronominal adverbs, with specific attention to the correct use of their
prepositional part

* Daar kan je redelijk mooi de roeihaal simuleren.
Daarmee kan je redelijk mooi de roeihaal simuleren.

There - [@] [omission of the prepositional part of a pronominal adverb ‘with], you
can simulate the rowing stroke quite nicely.

e Use of ‘er' in its repletive function, i.e., as an indicator for an indefinite subject or as the
subject of a passive verb

* En je zorgt dat het bij jou geen doelpunten in het doel vallen.
En je zorgt dat er bij jou geen doelpunten in het doel vallen.

And you make sure that xxx [substitution of repletive er] are no goals scored in the
goal.
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General conclusion

‘Perception is of definite and probable things’ (James, 1890) was quoted at the beginning of this
thesis. While bottom-up auditory processing feeds the definite part of perception, top-down
use of linguistic knowledge, among other cognitive resources, determines the most probable
interpretation of the signal. Our findings indicate that adults with moderate to severe CHI are
impeded in both building blocks of their perception, due to disturbed processing caused
by their current hearing loss and due to the effect of their hearing loss on the acquisition of
language and other cognitive resources. In addition, moderate to severe CHI appears to
induce vulnerabilities in the deployment of specific morphosyntactic knowledge in language
production. The data of this thesis thus show where language and hearing meet: the aspects
of language production in which the impact of hearing loss on language acquisition was
apparent, were identified. Additionally, general indications of a subsequent effect of CHI-
induced impediments in linguistic abilities on language recognition abilities were found.
Despite this, the question how the consequences of acquiring linguistic resources with impaired
hearing affect the production and recognition of language in adults is yet unanswered. Further
research within a psycholinguistic framework, including assessment of cognitive abilities, is
needed to identify the specific processes in language production and language reception that
are affected by CHI.

141






Appendices







Appendices

APPENDIX A

Characteristics of the participants in the studies of chapter 2 and 3
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HI 01 33 58 58 no 1,6 3 HA H HI HI
HI 02 34 88 93 no 0;9 1,0 Cl H HI HI
HI 03 27 88 88 no 0;9 1,6 HA H R R
HI 04 31 50 50 no 3 4 HA H R R
HI 05 21 38 50 no 4 4 HA M R R
HI 06 32 72 83 yes 4,6 4,6 HA H R R
HI 07 20 42 35 no 4 4 HA L R R
HI1 08 20 75 920 yes 0;9 1 HA M R R
HI 09 24 57 68 no 4 4 HA H R R
HI 10 25 48 52 no 4 4 HA H R R
HI 11 39 37 108 yes 4 18 Cl M HI HI
HI 12 34 78 78 no 4 4 HA H R R
HI'13 23 44 50 no 4 4 HA H R R
HI 14 30 55 102 yes 1,6 1,6 HA H HI R
HI 15 29 85 88 no 3 3 HA M HI HI
HI 16 45 60 107 yes 1 1 Cl L HI HI
HI 17 23 50 57 no 4,6 5 HA M R R
HI 18 20 93 95 yes 0,9 0,9 Cl M HI HI
HI 19 24 92 102 yes 2 2 HA M HI HI
HI 20 28 62 83 yes 4 4 HA M HI R
NHO1 20 18 H R R
NHO02 24 2 H R R
NHO3 21 2 H R R
NHO04 22 8 M R R
NHO05 24 18 M R R
NH06 34 2 M R R
NHO07 26 3 M R R
NHO8 34 5 M R R
NH09 24 5 M R R
NH10 20 3 L R R

PTA = Pure Tone Average of the thresholds at 0.5, 1, and 2 kHz; HI = hearing impairment; HA

(05,1, 2 kHz)

= hearing aid(s); Cl = cochlear implant; Level of education: L = Low, M = Middle, H = High (CBS, 2010);
Primary and secondary school: R = regular, Hl = school for people with hearing impairment
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APPENDIX B

Examples of subject-verb agreement errors in our data

Ungrammatical sentences are marked with an asterisk (¥).

Participant HI 19 (example from a sample on water polo)

* Als er toch iemand over je heen kom, dan moet je maar weten waar je naar boven moeten komen.
‘Als er toch iemand over je heen komt, dan moet je maar weten waar je naar boven moet-g komen.’
‘If someone come [omission of 3rd p/sg “t’] (swimming) over you, you still have to know where

you have [plural verb form in singular context] to ascend.’

Participant HI 03 (example from a sample on cycling)

* Maar als je bijvoorbeeld in een peloton fiets (...).

‘Maar als je bijvoorbeeld in een peloton fietst (...)."

‘But when you, for example, ride [omission of 3rd p/sg “t’] in the peloton (...)”

Participant HI 02 (example from a sample on tennis, explaining the outline of the field in a one-
to-one game)

* Maar wanneer we maar één tegen één speelt, dan tellen de buitenveld niet mee.

‘Maar wanneer we maar één tegen één spelen, dan telt het buitenveld niet mee.’

‘But when we just play [3rd p/sg ~t’in a plural context] one-to-one, then the [common definite
article instead of neuter] outerfield do [plural verb form in singular context] not count.’
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APPENDIX C

Examples of determiner omissions in an obligatory context in our data

Ungrammatical sentences are marked with an asterisk (¥).

Participant HI 06 (example from a sample on field hockey)

* En bedoeling is (dat je dus in het) dat je doelpunt scoort, (...).

‘En de bedoeling is (dat je dus in het) dat je een doelpunt scoort, (...)."
‘And [@] aim is (that you in the) that you score [@] goal, (...).

Participant HI 08 (example from a sample on tennis)
* De service moet in servicevak.

‘De service moet in het servicevak.’

‘The service has to go into [@] service box.’

Participant HI 08 (example from a sample on tennis)

* Een andere methode is om beslissend punt te spelen {(...).
‘Een andere methode is om een beslissend punt te spelen (...).
‘Another method is to play [@] decisive point, (...)."
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APPENDIX D

Examples of adverb errors in our data

Ungrammatical sentences are marked with an asterisk (¥).

Participant HI 19 (example from a sample on water polo)

*Verdedigers zijn vrijwel brede jongens.

‘Verdedigers zijn vrijwel altijd brede jongens.’

‘Defenders are nearly [g] [deletion of adverb of time ‘always’] big guys.’

Participant NH 10 (example from a sample on kick boxing)

* Nee, dat heb ik (heb ik) nog niet zelf in verdiept.

‘Nee, daar heb ik (heb ik) me nog niet zelf in verdiept.’

‘No, 1 did (I did) not yet loose [@] [deletion of a reflexive pronoun] into xxx [substitution of the
locative part of a pronominal adverb].

Participant HI 13 (example from a sample on rowing)

* Daar kan je redelijk mooi de roeihaal simuleren.

‘Daarmee kan je redelijk mooi de roeihaal simuleren.’

‘There - [2] [deletion of the prepositional part of a pronominal adverb ‘with’], you can simulate
the rowing stroke quite nicely.

Participant HI 06 (example from a sample on field hockey)

* En je zorgt dat het bij jou geen doelpunten in het doel vallen.

‘En je zorgt dat er bij jou geen doelpunten in het doel vallen.’

‘And you make sure that xxx [substitution of repletive er] are no goals scored in the goal.
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APPENDIX E

Procedure for elicitation and analysis of a spoken language sample

An experienced clinical linguist (i.e., one of the authors, E.H.) interviewed all participants in a
quiet setting, following a standard procedure:

A. What is your favourite game or sport?

B. Why is [e.g., soccer] your favourite sport?

C. lwantyou to imagine that | do not know anything about [e.g., soccer]. Please tell me
everything a layman should know to be able to play the game: what is the purpose of
the game? How many people play it? What are the rules to play it? Please go ahead.

D. Now I would like you to tell me what a player should do in order to win the game.
What are the most important strategies every good player should know?

The interviewer displayed interest in the participant’s response by means of nonverbal
communication. The speaker was allowed as much time as needed to complete the response.
The next question was posed once the participant finished talking and appeared to be ready.
In the participant’s response to question C, the interviewer checked if all parts of the question
were addressed. If not, the interviewer repeated the question that was not addressed. When
the duration of the recording of the conversation did not exceed 6 minutes and the interviewer
had the impression that less than 50 utterances were elicited, the same procedure was repeated
for an extra game or sport. This way, an attempt was made to elicit more than 50 utterances
from each participant. The digitally recorded language samples were transcribed by another
researcher, using the transcription conventions of the STAP method, a method for the analysis
of spontaneous language in Dutch children (van den Dungen & Verbeek, 1999). After this, two
linguists checked the transcriptions and dissimilarities were discussed to attain agreement.
Samples were segmented into T-units (Hunt, 1970): each T-unit contains 1 independent clause
and all attached subordinate clauses. Within utterances, instances of maze behaviour (i.e.,
false starts, revisions, and repetitions of own words) and fillers (like nou ‘well" and zeg maar
‘let’s say’) were excluded from analysis of the utterance (as described by van den Dungen and
Verbeek, 1999). Incomplete utterances and elliptical utterances that immediately followed a
question of the interviewer and did not have an autonomous syntactic structure were excluded
from analysis as well. Dialectal and colloquial expressions were not considered as errors and
therefore not analysed as such. Judgement was based on literature (Goeman et al., 2008) and
users of specific dialects were consulted to assist in the interpretation.
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APPENDIX F

Content of http://www.thewritingsite.org/resources/genre/expository.asp

http://www.thewritingsite.org is a website that contains information and exercises that can be

used in the curriculum of high school students. The following content was retrieved September

8,2009:

Goal: The goal for expository writing is to give information such as an explanation
or directions. It seeks to inform, explain, clarify, define or instruct.

Examples: Expository writing appears in and is not limited to letters, newsletters,

definitions, instructions, guidebooks, catalogues, newspaper articles,
magazine articles, how-to writing, pamphlets, reports and research papers.

Characteristics: The general characteristics of an expository writing include:

1.

state the main idea
this must be narrow enough to be supported in the writing

2. supporting ideas using quotes, statistics, examples, and/or facts
use any available resource to instruct the reader including published books, television,
Internet, etc.

3. information is logically organized
depending on the type of expository that is being written, the information could
be organized chronologically, from least important to most important or from most
important to least

4. show commitment to the topic
supporting details do not deviate from the topic

5. conclusion
restate the topic and main supporting ideas

Exercises:

Write a story about a trip you are going to take and what friend you want to take with
you. Explain why this friend would be the best person to go with you.

Describe the cause and effects of pollution in the environment. Narrow your topic to
one form of pollution, such as something that causes air, water or land pollution.

Explain the process of baking a birthday cake.

Find an example of an expository, then explain why you think this is a good example of
an expository writing.
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APPENDIX G

Examples of errors in all categories

Ungrammaticalities are marked with an asterisk ().

1.

Subject-verb agreement error in the present tense

‘Ik vind het eigenlijk wel goed dat de reisbureaus dat zo *doet omdat, je met je eigen ogen
zou moeten zien wat de mensen daar *meemaakt (...)." (correct: doen / meemaken)

‘l actually think it is good that the travel agencies *does it that way because, you really
should see with your own eyes what the people *experiences there (...)." (translation of
the correct Dutch verbs: do / experience)

Past tense inflection error (did not occur in the language samples)

Past participle inflection error (did not occur in the language samples)

Omission of a main verb

‘Ik vind het niet goed dat zulke reizen worden aangeboden voor mensen die met hun eigen
ogen kunnen zien hoe men in Haiti * met de wederopbouw.’ (missing: e.g., omgaat)
‘I don't think it’s good that trips like that are offered to people who can see with their
own eyes how they * with the reconstruction in Haiti." (missing: e.g., are dealing)

Omission of an auxiliary or copula verb

‘Want er * enorm veel geld ingezameld.’ (missing: was)

‘Because a huge amount of money * collected.’ (missing: was)

Omission of a noun phrase (subject or object)

‘Echter, je kan zo'n reis ook maken vanuit altruistisch oogpunt, waarbij je zelf een helpende
* toesteekt.’ (missing: hand)
‘However, you can make a trip like this from an altruistic perspective, lending a helping
*yourself. (missing: hand)

Word order error

‘Het kan ook voordelen hebben. Namelijk dat ze daar gaan * echt inzien hoe erg het eigenlijk
is.” (correct: dat ze daar echt gaan inzien)

‘It could also have advantages. Namely that they start * really to understand there how
bad it actually is.’ (correct: that they really start to understand)

Omission of a determiner in obligatory context

‘Maar als ik in Nederland zou zitten, zou ik meteen naar * politie gaan.’ (missing: de)
‘But if | were in the Netherlands, | would go to * police immediately.’ (missing: the)
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10.

11.

12.

13.

14.

15.

Incorrect determiner

‘(...) omdat, je met je eigen ogen zou moeten zien (...) hoe de mensen er nu ermee omgaan
na *het zware aardbeving in Haiti.’ (error in gender agreement between definite article
and noun)

‘(...) because, you should see with your own eyes (...) how the people are dealing with
it now after *the severe earthquake in Haiti.'

Suffix error (other than finite verb morphemes)

‘Want er moet natuurlijk een *nieuwe paspoort komen.’ (insertion of adjectival inflection
“—e')

‘Because we need a *new passport.’

Preposition error
‘De andere argument is omwille * de inwoners.” (missing: van)

‘The other argument is because * the inhabitants.’ (missing: of)

Pronoun error (personal, demonstrative, reflexive, and relative pronoun)

‘Toeristen zijn vaak mensen * relatief veel geld bezitten.’ (missing: die)
‘Tourists are often people * own a relatively large amount of money.’ (missing: who)

Adverb error

‘(...) omdat, je met je eigen ogen zou moeten zien (...) hoe de mensen er nu *ermee omgaan
na het zware aardbeving in Haiti.’ (correct: hoe de mensen er nu mee omgaan)

(insertion of a locative part of a pronominal adverb)

‘(...) because, you should see with your own eyes (...) how the people are dealing *with
it now after the severe earthquake in Haiti.’

Conjunction error
‘Vele mensen zijn omgekomen *en dakloos geworden.’ (correct: of)

‘Many people have died *and have become homeless.’ (correct: or)

Other morphosyntactic errors

‘lk zou met de motor gaan. Puur omdat ik dit altijd al eens heb willen doen en er al als klein
jochie van *droom.’ (correct: droomde)

‘I would go by motorbike. Purely because | have always wanted to do that and | already
*dream of it as a little boy.’ (translation of the correct Dutch verb: dreamt)
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APPENDIX H

Characteristics of the participants in the study of chapter 5
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Appendix H continued.
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CHI3 31 72 73 HA 65 -3.0 H HI+R HI+R
CHN4 40 82 78 HA 68 0.7 H R R
CHI15 49 n.a. 92 Cl 85 0.5 M HI HI
CHI16 27 88 76 HA 73 1.8 H HI+R R
CHI7 23 95 84 HA 75 -0.2 H HI HI
CHI18 52 n.a. 79 cl 85 4.4 M HI HI
CHIT9 26 80 96 HA 75 2.8 M HI HI+R
CHI20 53 85 74 HA 85 4.2 H HI HI+R
CHI21 56 n.a 100 cl 100 -1.4 L HI HI
AHIO1 58 n.a. 94 Cl n.a. -4.4 H R R
AHI02 56 63 85 HA n.a. 6.3 H R R
AHIO3 50 n.a. 929 Cl n.a. -2.1 H R R
AHI04 46 50 99 HA n.a. -6.5 H R R
AHIO5 47 50 929 HA n.a. -4.7 M R R
AHI06 52 73 85 HA n.a. 4.1 H R R
AHIO07 59 48 97 HA n.a. -3.9 M R R
AHI08 54 52 100 HA n.a. -7.5 H R R
AHI09 58 53 94 HA n.a. -4.6 H R R
AHI10 57 57 98 HA n.a. -3.2 M R R
AHI 34 93 94 HA n.a. -3.9 M R R
AHI12 58 68 94 HA n.a. -3.7 H R R
AHI13 57 68 97 HA n.a. -6.2 L R R
AHI4 56 82 76 HA n.a. 2.9 L R R
AHI5 43 72 85 HA n.a. -0.2 H R R
AHI16 49 68 96 HA n.a. -1.5 M R R
AHIT7 51 n.a 920 c n.a. -3.0 M R R
AHI18 58 97 82 HA n.a. -0.1 H R R
AHI19 58 92 61 HA n.a. 7.2 M R R
AHI20 38 58 97 HA n.a. 1.1 H R R
AHI21 55 n.a. 85 @ n.a. -1.4 H R R
AHI22 41 n.a. 87 a n.a. 2.7 L R R
PTA = Pure Tone Average of the thresholds at 0.5, 1, and 2 kHz; Word recognition score (CVC),

(0.5, 1,2 kHz)

expressed as % phonemes correct, measured at 60, 65, 70, or 75 dB SPL; SRT,

o Was assessed with the

digits-in-noise test and is expressed as the SNR at which 50% of the digit-triplets was repeated correctly;
HI = hearing impairment; HA = hearing aid(s); Cl = cochlear implant; Level of education: L = Low, M =
Middle, H = High (CBS, 2015); Primary and secondary school: R = regular, HI = school for people with

hearing impairment. Note that the SRT

(matched for outcome on SRT ) are in italic.
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APPENDIX I

Procedure for elicitation and analysis of a spoken language sample

An experienced clinical linguist (i.e., one of the authors, E.H.) interviewed all participants in a
quiet setting, following a standard procedure:

A. What is your favourite game or sport?

B. Why is [e.g., soccer] your favourite sport?

C. lwantyou to imagine that | do not know anything about [e.g., soccer]. Please tell me
everything a layman should know to be able to play the game: what is the purpose of
the game? How many people play it? What are the rules to play it? Please go ahead.

D. Now I would like you to tell me what a player should do in order to win the game.
What are the most important strategies every good player should know?

The interviewer displayed interest in the participant’s response by means of nonverbal
communication. The speaker was allowed as much time as needed to complete the response.
The next question was posed once the participant finished talking and appeared to be ready.
In the participant’s response to question C, the interviewer checked if all parts of the question
were addressed. If not, the interviewer repeated the question that was not addressed. When
the duration of the recording of the conversation did not exceed 6 minutes and the interviewer
had the impression that less than 50 utterances were elicited, the same procedure was repeated
for an extra game or sport. This way, an attempt was made to elicit more than 50 utterances
from each participant'. The digitally recorded language samples were transcribed by another
researcher, using the transcription conventions of the STAP method, a method for the analysis
of spontaneous language in Dutch children (van den Dungen & Verbeek, 1999). After this, two
linguists checked the transcriptions and dissimilarities were discussed to attain agreement.
Samples were segmented into T-units (Hunt, 1970): each T-unit contains 1 independent clause
and all attached subordinate clauses. Within utterances, instances of maze behaviour (i.e., false
starts, revisions, and self repetitions) and fillers (like nou ‘well’ and zeg maar ‘let’s say’) were
excluded from analysis of the utterance (as described by van den Dungen and Verbeek, 1999).
Incomplete utterances and elliptical utterances that immediately followed a question of the
interviewer and did not have an autonomous syntactic structure were excluded from analysis
as well. Dialectal and colloquial expressions were not considered as errors and therefore not
analysed as such. Judgement was based on literature (Goeman et al., 2008) and users of specific
dialects were consulted to assist in the interpretation.

1 Note: AHIT9 did not want to talk extensively about sports / a game and therefore additionally discussed
rehearsal of his drum band and participation in a competition; questions were asked that were in line
with the context of a game (‘can you tell me what made your drum band successful in a competition?’)
to elicit an expository discourse sample comparable to the outcome of the FGST task.
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APPENDIX J

Examples for the six distortion categories, used in the experimental versions of
the Text Reception Threshold (TRT) test

Ungrammatical sentences are marked with an asterisk (¥).

DistA:

DistB:

DistC:

DistD:

DistE:

DistF:
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Article deletion: deletion of a compulsory article preceding a noun

Hij kent de regels van het spel goed. * Hij kent de regels van spel goed.

He knows the rules of the game well. *He knows the rules of game well.
Subject-verb agreement error: deletion of 2"/ 3" person singular present tense verb suffix (zero

marking instead of -t’) or plural verb suffix in a singular context (‘—en’ instead of zero marking
or —en’instead of -t’)

Hij legt een hand op mijn schouder. * Hijleg_een hand op mijn schouder.

He puts a hand on my shoulder. * He put.a hand on my shoulder.

Preposition error: deletion or substitution of a preposition

De nieuwe winkel is op loopafstand. * De nieuwe winkel is loopafstand.

The new shop is at walking distance. * The new shop is walking distance.

Article substitution: substitution of a definite article preceding a singular noun, resulting in
gender disagreement between article and noun (‘de’ instead of ‘het’ (‘the’) and vice versa)

In het weekend maakt hij het ontbijt. * In de weekend maakt hij het ontbijt.

In the weekend, he makes breakfast. (translation of the error not possible)

Suffix error: mix of sentences with subject-verb agreement error (as described in DistB) and
sentences with deletion or substitution of the plural noun suffix (‘-s”or ~en’)

Ik heb altijd veel boeken gelezen. * |k heb altijd veel boeks gelezen.

| always read many books. (translation of the error not possible)

Adverb error: deletion or substitution of er (no English translation possible) in its repletive

function, or deletion, substitution or insertion of the locative or prepositional part of a
pronominal adverb.

Als er een bal is, kunnen we spelen. * Als een bal is, kunnen we spelen.
If there is a ball, we can play. *If is a ball, we can play.

Ik moet daar even over denken. * Ik moet even over denken.

| have to think about this. * | have to think about.
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APPENDIX K

Results of nonparametric correlation analysis

Table K. Results of nonparametric correlation analysis between outcomes on the Text Reception

Threshold (TRT) test for grammatical sentences (TRTorig) and six independent measures

TRTorig
NH AHI CHI
Block Design -0,05(0.831) -0,52 (0.013) -0,38 (0.094)
Similarities 0,06 (0.810) -0,34(0.124) -0,543(0.011)
Naming 0,36 (0.250) 0,13 (0.551) 0,30(0.192)
Age -0,21 (0.366) 0,17 (0.443) -0,12 (0.593)
SRT,, 0,08 (0.726) -0,07 (0.773)
Number of morphosyntactic errors -0,05 (0.817) 0,22 (0.324) 0,57 (0.007%)

Spearman'’s rho correlation coefficients and p values (between parentheses) for TRTorig scores and

scores on six independent variables within each group (n,,=21,n

* Bonferroni corrected p < 0.05, two-tailed

=22,n

CHI

=21).

157



Appendices

APPENDIX L

Characteristics of the participants in the study of chapter 6

E
£ 5o
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CHIO1 21 n.a. 90 Cl 60 1.1 M HI HI
CHI02 49 n.a. 85 cl 85 0.5 M HI R
CHI03 27 95 74 HA 73 10.7 H HI R
CHIo4 19 55 100 HA 55 -5.0 H R R
CHIO5 39 87 82 HA 55 6.1 H R R
CHI06 28 60 99 HA 35 -2.7 H R R
CHI07 43 68 90 HA 60 -3.7 M HI R
CHIO8 33 n.a 97 Cl 93 4.7 M HI HI
CHI09 34 98 80 HA 75 0.4 M HI HI
CHINo 46 87 84 HA 56 -5.7 H R R
CHINM 28 92 96 HA 63 34 H R R
CHI2 31 80 84 HA 62 2.5 H HI R
CHI13 31 72 73 HA 65 -3.0 H HI+R HI+R
CHI4 40 82 78 HA 68 0.7 H R R
CHI5 49 n.a 92 Cl 85 0.5 M HI HI
CHI16 27 88 76 HA 73 1.8 H HI+R R
CHI7 23 95 84 HA 75 -0.2 H HI HI
CHI8 52 n.a. 79 @] 85 4.4 M HI HI
CHI9 26 80 96 HA 75 2.8 M HI HI+R
CHI20 53 85 74 HA 85 4.2 H HI HI+R
CHI21 56 n.a 100 Cl 100 -1.4 L HI HI
AHIO1 58 n.a 94 Cl n.a. -4.4 H R R
AHIO02 56 63 85 HA n.a. 6.3 H R R
AHIO3 50 n.a. 929 Cl n.a. -2.1 H R R
AHI04 46 50 99 HA n.a. -6.5 H R R
AHIO5 47 50 99 HA n.a. -4.7 M R R
AHIO06 52 73 85 HA n.a. 4.1 H R R
AHIO7 59 48 97 HA n.a. -3.9 M R R
AHIO8 54 52 100 HA n.a. -7.5 H R R
AHI09 58 53 94 HA n.a. -4.6 H R R
AHIT0 57 57 98 HA n.a. -3.2 M R R
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Appendix L continued.

7
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AHIT1 34 93 94 HA n.a -3.9 M R R
AHI12 58 68 94 HA n.a -3.7 H R R
AHI13 57 68 97 HA n.a -6.2 L R R
AHI14 56 82 76 HA n.a 2.9 L R R
AHI15 43 72 85 HA n.a. -0.2 H R R
AHI16 49 68 96 HA n.a -1.5 M R R
AHI7 51 n.a 90 Cl n.a. -3.0 M R R
AHI18 58 97 82 HA n.a. -0.1 H R R
AHIT9 58 92 61 HA n.a. 7.2 M R R
AHI20 38 58 97 HA n.a. 1.1 H R R
AHI21 55 n.a. 85 Cl n.a. -1.4 H R R
AHI22 41 n.a. 87 @] n.a. 2.7 L R R

PTA = Pure Tone Average of the thresholds at 0.5, 1, and 2 kHz; Word recognition score (CVC),

(05,1,2kHz) —

expressed as % phonemes correct, was measured at 60, 65, 70, or 75 dB SPL; SRT,
digits-in-noise test and is expressed as the SNR at which 50% of the digit-triplets was repeated correctly;
HI = hearing impairment; HA = hearing aid(s); Cl = cochlear implant; Level of education: L = Low, M =
Middle, H = High (CBS, 2015); Primary and secondary school: R = regular, HI = school for people with

hearing impairment.

o Was assessed with the
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Summary

People who are born with a hearing impairment (congenital hearing impairment, CHI) may be
hindered in their communicative interactions by the consequences of CHI on their language
production and language reception abilities. This thesis describes a series of studies in adults
with moderate to severe CHI that examine aspects of communication that might be impeded
by the consequences of acquiring an oral language with inferior auditory input. Because the
development of morphosyntax is specifically vulnerable when an oral language is acquired
with CHI, the studies in this thesis focus on the use of morphosyntactic knowledge in language
production and sentence recognition.

For the studies described in chapter 2 and chapter 3, we elicited a sample of spoken and of
written language in Dutch from two groups of adults, i.e., from adults with moderate to severe
CHI and from adults with normal hearing (NH). In both modalities, no difference was found
between the groups for the syntactic complexity of their language samples. With regard to the
morphosyntactic correctness of the output, however, a difference between modalities emerged:
in spoken language production, adults with moderate to severe CHI made significantly more
morphosyntactic errors than adults with NH. The adults with CHI showed specific difficulties
with the use of present tense markers for subject-verb agreement, as well as with the use of
determiners in an obligatory context, and with adverbs. These error types concern aspects of
Dutch that are low in perceptual salience or are considered to be relatively complex to acquire.
The observed errors therefore likely reflect the effect of inconsistent access to linguistic input,
due to auditory perceptual limitations during language acquisition. In contrast to the findings
for the spoken modality, no group differences were found for the morphosyntactic correctness
of the samples in written language production. The data in chapter 2 and 3 thus showed that
CHI-induced weaknesses in the use of specific morphosyntactic markers when producing
spoken language did not surface when producing written language.

The observed difficulties in the spoken performance of the adults with moderate to severe
CHI were discussed in view of the ‘vulnerable marker hypothesis’. This hypothesis states that
performance errors in the application of morphosyntactic markers that are vulnerable in their
acquisition, may surface in conditions that strain the processing capacity of the language
production system. Thus, our data suggest that acquiring an oral language with moderate
to severe hearing impairment leads to a CHI-induced vulnerability in the use of specific
morphosyntactic markers that are low in perceptual salience or relatively high in grammatical
complexity. However, these vulnerabilities only appear in challenging conditions. Given the
differences between the spoken and written modality in language production processing, the
demands of the written task seem to put less strain on the language production system. As a
result, CHI-induced vulnerabilities in the use of morphosyntax do not surface in writing like
they do in speech.

In both modalities, the frequency of occurrence of morphosyntactic errors in the language
production of the adults with moderate to severe CHI was related to the severity of their
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hearing loss during childhood (degree of CHI). This finding is in line with the ‘inconsistent
access account’, which predicts that more limited access to linguistic input during language
acquisition results in more pronounced effects on linguistic abilities. At the individual level,
this implies that long-term effects of moderate to severe CHI on written language performance
may be evident in adults with a more severe degree of CHI.

In chapter 4, the distortion-sensitivity approach is introduced. The applicability of this method
to assess the use of linguistic cues in the process of sentence recognition was examined in two
groups of adults with an evident difference in their linguistic abilities, i.e., in 13 native and in
10 non-native users of Dutch. Compared to the native group, the non-native group showed
reduced performance on a sentence recognition task in both the auditory and the visual
modality. In the visual modality, the Text Reception Threshold (TRT) was determined for the
recognition of grammatically correct sentences and sentences in which syntactic, lexical, or
semantic cues were distorted. Differences between the groups in sensitivity to the syntacticand
lexical distortions suggested that the non-native adults’ reduced performance on the original
TRT task could be attributed to a reduced use of syntactic and lexical cues. These differentiated
results on the use of specific linguistic cues in the two groups showed the potential of the
distortion-sensitivity approach to assess the use of linguistic cues in sentence recognition.

In chapter 5, the influence of differences in linguistic abilities on sentence recognition
performance was examined for sentence recognition in the visual modality, thus independent
of current auditory perceptual limitations. Morphosyntactic correctness of spoken language
production was used as a measure for linguistic abilities, while visual sentence recognition
was examined by using the Text Reception Threshold (TRT) test, a visual proxy of the
auditory Speech Reception Threshold (SRT) test. To examine the participants’ use of specific
morphosyntactic cues in sentence recognition, the TRT task was assessed in accordance with
the distortion-sensitivity approach, using grammatically correct sentences and sentences in
which morphosyntactic cues were distorted. Three groups of adults participated, i.e., adults
with moderate to severe CHI, adults with acquired hearing impairment (AHI), and NH adults.
For the morphosyntactic correctness of spoken language production, the data of this study
confirmed and extended the findings of chapter 2: adults with moderate to severe CHI made
more morphosyntactic errors in spoken language production than adults with NH, while there
was no difference in performance between the AHI and NH group. This outcome pattern
sustained when comparisons were restricted to subgroups of AHI and CHI adults, matched
for current auditory speech reception abilities. We therefore concluded that deviancies in the
spoken performance of the CHI adults were likely to be a consequence of reduced hearing
in early life. The data on visual sentence recognition showed that moderate to severe CHI
generally did not impede performance in masked language recognition in the visual modality,
as measured in this study with short, degraded sentences.
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Summary

In chapter 6, the question was answered whether auditory limitations during language
acquisition affect the relative contribution of bottom-up auditory abilities and top-down
linguistic abilities to auditory sentence recognition in hearing-impaired adults. The study
described in this chapter was conducted in the same groups of adults with AHI and CHI as
the study of chapter 5. The participants performed auditory sentence recognition tasks in
quiet, using their own hearing devices, with grammatically correct sentences and sentences
containing a morphosyntactic error. Following the distortion-sensitivity approach, groups were
compared in their performance on the original sentence recognition task and in their sensitivity
to the morphosyntactic distortions. Data showed that poorer recognition of grammatically
correct sentences in the CHI group, compared to the AHI group, could not be attributed to
a CHI-induced impediment in the use of specific morphosyntactic cues. This finding was in
line with the findings for the visual modality, as described in chapter 5. By using regression
analysis, the contributions of bottom-up auditory abilities (assessed with the digits-in-noise
task) and top-down linguistic abilities (assessed by analyzing the morphosyntactic correctness
of spoken language production) to auditory sentence recognition were further examined
within each group. Analysis showed that the predictive value of these factors differed between
the two groups: within the AHI group, variance in auditory sentence recognition was more
strongly related to bottom-up auditory abilities than in the CHI group. Within the CHI group,
it was notable that the measure for linguistic abilities contributed significantly to auditory
sentence recognition, while it did not in the AHI group. Additional analysis on the data on
visual sentence recognition from chapter 5 even showed that linguistic abilities also explained
(part of) the variance in the CHI adults’ performance on the TRT task. Hence, the impact of
moderate to severe auditory limitations during language acquisition on linguistic proficiency
does seem to affect sentence recognition performance in adults, independently of modality.
Further research is needed to gain more specific insight in the mechanisms within the process
of sentence recognition that are affected by moderate to severe CHI.

The last chapter of this thesis (chapter 7) presents a final evaluation of the outcomes of this
series of studies. As we found subtle though relevant long-term effects of moderate to severe
CHI on language production and language reception, we discuss the importance of fine-
grained linguistic diagnostics in children with CHI during the course of language development.
Because our data yield information about the morphosyntactic aspects of Dutch that are
specifically vulnerable when acquired with a hearing loss, we consider it possible that an extra
focus on these aspects in the diagnostics and rehabilitation of CHI children may prevent long-
term consequences of CHI as observed in the studies of this thesis.
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Mensen die slechthorend zijn vanaf de geboorte ontwikkelen hun orale taal met een
verminderde auditieve input, ook als ze hoortoestellen of een cochleair implantaat gebruiken.
Onderzoek bij kinderen met aangeboren slechthorendheid toont aan dat dit de verwerving
van de taal beinvloedt. Met name de ontwikkeling van morfosyntaxis, het leren van
structuren voor woord- en zinsvorming, blijkt in het geval van slechthorendheid kwetsbaar
te zijn. De centrale vraag in dit proefschrift is of matige tot ernstige congenitale (aangeboren)
slechthorendheid (afgekort als CSH) leidt tot blijvende problemen bij het produceren en
het verstaan van taal bij volwassenen. In verschillende studies werden talige vaardigheden
gemeten in twee modaliteiten (auditief en visueel) en in twee domeinen van taalverwerking
(taalproductie en taalreceptie). De vaardigheden van volwassenen met congenitale
slechthorendheid (CSH) werden vergeleken met die van normaalhorende volwassenen (NH)
en/of met die van volwassenen die slechthorend werden nadat ze hun taal hadden ontwikkeld
(zogenaamde verworven slechthorendheid (VSH)). Omwille van de verwachte kwetsbaarheid
in de ontwikkeling van morfosyntaxis richtten de studies in dit proefschrift zich specifiek op
verschillen in het gebruik van morfosyntactische kennis tussen de groepen.

Hoofdstuk 2 en 3 beschrijven de resultaten van een studie naar de vaardigheden van
volwassenen in de productie van gesproken en geschreven taal in het Nederlands. Twee
groepen namen deel aan deze studie, namelijk volwassenen met matige tot ernstige CSH en
NH volwassenen. Uit analyses van de taalsamples van de deelnemers blijkt dat de groepen
niet van elkaar verschillen met betrekking tot de syntactische complexiteit van hun uitingen
in gesproken en geschreven taal. Wel maken volwassenen met CSH significant meer
morfosyntactische fouten dan NH volwassenen. Dit verschil wordt enkel gevonden voor de
gesproken taalproductie en niet voor de productie van geschreven taal. Volwassenen met
CSH hebben met name moeite met het correcte gebruik van werkwoordsvervoegingen
in de tegenwoordige tijd, het gebruik van lidwoorden in contexten waarin die niet kunnen
worden weggelaten en met het gebruik van bijwoorden. De fouten betreffen aspecten van
het Nederlands die perceptueel weinig opvallend (saillant) zijn, waardoor ze minder goed
worden waargenomen in het geval van slechthorendheid. Ook worden fouten gemaakt bij
het toepassen van grammaticale regels waarvan bekend is dat ze relatief complex zijn om te
verwerven. Samenvattend geven de onderzoeksresultaten van hoofdstuk 2 en hoofdstuk 3 aan
dat volwassenen met matige tot ernstige CSH in de gesproken taalproductie zwakheden in het
gebruik van specifieke morfosyntactische markers vertonen die niet tot uiting komen bij het
produceren van geschreven taal. Het type fouten dat de volwassenen met CSH maken, lijkt te
kunnen worden toegeschreven aan de perceptuele beperkingen tijdens de periode waarin de

taal werd verworven.

De bevinding dat de groepen van elkaar verschillen in morfosyntactische correctheid in de
gesproken taalproductie, maar niet in geschreven taalproductie lijkt te kunnen worden
verklaard vanuit de zogenaamde ‘vulnerable marker hypothesis'. Deze hypothese stelt dat
uitvoeringsfouten in het gebruik van morfosyntactische markers die kwetsbaar zijn in hun
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verwerving alleen voorkomen wanneer de verwerkingscapaciteit van het taalproductiesysteem
onder druk staat. Het verschil in uitkomsten tussen de modaliteiten wijst erop dat de cognitieve
eisen die gesteld worden aan het produceren van geschreven taal het taalproductiesysteem
minder onder druk lijken te zetten dan wanneer gesproken taal wordt geproduceerd. Uit de
resultaten blijkt verder dat het aantal fouten dat volwassenen met CSH in beide modaliteiten
maken in verband staat met de ernst van het gehoorverlies tijdens hun kindertijd: meer fouten
worden gemaakt door volwassenen met een groter gehoorverlies bij de geboorte. Deze relatie
past binnen de ‘inconsistent access account’, een verklaring die voorspelt dat de ernst van de
gevolgen van aangeboren slechthorendheid afhankelijk is van de mate waarin de toegang tot
talige input wordt beperkt door de slechthorendheid. De studieresultaten zoals beschreven in
hoofdstuk 2 en 3 blijken dus in overeenstemming te zijn met eerder beschreven hypothesen

en verklaringen.

Hoofdstuk 4 van dit proefschrift introduceert de ‘distortion-sensitivity methode’. Met deze
methode kan worden onderzocht in hoeverre mensen bij het uitvoeren van een bepaalde taak
gebruik maken van specifieke informatie in het stimulusmateriaal. In twee groepen volwassenen
die duidelijk van elkaar verschilden in taalvaardigheid, namelijk bij moedertaalsprekers en niet-
moedertaalsprekers van het Nederlands, werd het gebruik van specifieke talige informatie bij
het herkennen van zinnen in kaart gebracht. Deelnemers werden getest in het verstaan van
akoestisch aangeboden zinnen in ruis (gemeten met de Speech Reception Threshold (SRT) test),
alsookin hetherkennenvanvisueelaangeboden zinnen die gedeeltelijk werden verborgen door
een balkenpatroon (Text Reception Threshold (TRT) test). Volwassenen voor wie Nederlands
niet de moedertaal is, behalen in beide tests een lagere score dan de moedertaalsprekers.
De TRT test werd aanvullend gebruikt om te onderzoeken of dit groepsverschil kon worden
toegeschreven aan verschillen in het gebruik van specifieke talige informatie uit de zinnen.
Hiervoor werd de TRT test afgenomen met Nederlandse zinnen waarin syntactische, lexicale
of semantische informatie was verstoord. Niet-moedertaal sprekers blijken bij het uitvoeren
van de TRT test minder gehinderd te worden door verstoringen van syntactische en lexicale
informatie in zinnen dan moedertaalsprekers. De lagere score van de niet-moedertaalgroep
op de oorspronkelijke TRT test lijkt dus te kunnen worden toegeschreven aan een verminderd
gebruik van syntactische en lexicale informatie. De studieresultaten geven aan dat de
distortion-sensitivity methode geschikt is om het gebruik van talige cues bij het herkennen van
zinnen te onderzoeken bij mensen die van elkaar verschillen in taalvaardigheid. Deze methode
werd daarom ook toegepast in de studies van hoofdstuk 5 en 6, waarin het gebruik van talige
kennis bij het verstaan van zinnen werd onderzocht bij, onder andere, CSH volwassenen.

Om een talig signaal te interpreteren gebruiken mensen informatie uit wat ze waarnemen
(zogenaamde bottom-up verwerking), aangevuld met contextuele en talige kennis
(zogenaamde top-down verwerking). Het doel van de onderzoeken in hoofdstuk 5 en 6 was
om na te gaan of het top-down gebruik van talige kennis bij het verstaan van taal (taalreceptie)
wordt benadeeld door talige zwakheden die een gevolg zijn van slechthorendheid tijdens de
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periode van taalverwerving. De studie in hoofdstuk 5 onderzocht taalreceptie in de visuele
modaliteit, terwijl hoofdstuk 6 onderzoeksresultaten beschrijft voor het verstaan van taal
in de auditieve modaliteit. In hoofdstuk 5 worden drie groepen volwassenen met elkaar
vergeleken: volwassenen met matige tot ernstige congenitale slechthorendheid (CSH),
volwassenen die slechthorend zijn geworden na het verwerven van hun orale taal (ook
‘verworven slechthorendheid’ (VSH) genoemd) en volwassenen met een normaal gehoor
(NH). Zinsherkenning werd getest in een modaliteit waarin de waarneming van de zinnen niet
wordt beinvloed door slechthorendheid, nl. in de visuele modaliteit. De taalvaardigheid van de
volwassenen werd in kaart gebracht door de morfosyntactische correctheid van hun gesproken
taalproductie te analyseren. Herkenning van visueel aangeboden zinnen werd onderzocht
met de TRT test, afgenomen met grammaticaal correcte Nederlandse zinnen en met zinnen
waarin morfosyntactische informatie was verstoord. Door gebruik te maken van de distortion-
sensitivity methode kon in kaart worden gebracht in hoeverre de groepen deelnemers van
elkaar verschillen in het gebruik van specifieke morfosyntactische informatie bij het herkennen
van zinnen. De eerdere uitkomsten uit hoofdstuk 2 worden in deze studie bevestigd en
uitgebreid: volwassenen met CSH maken meer fouten in hun gesproken taalproductie dan
volwassenen met een goed gehoor (NH), terwijl hierin geen verschil wordt gevonden tussen
de VSH en de NH volwassenen. Deze bevindingen impliceren dat het vaker voorkomen van
fouten in de gesproken taalproductie van volwassenen met CSH een gevolg lijkt te zijn van
het gehoorverlies op jonge leeftijd, en niet van het huidige gehoorverlies. Ondanks het feit
dat de taalproductievaardigheid van volwassenen met CSH negatief was beinvloed door
hun aangeboren matig tot ernstig gehoorverlies, behalen zij geen zwakkere score bij het
herkennen van visueel aangeboden zinnen. Ook worden geen verschillen gevonden t.o.v. de
andere groepen in het gebruik van morfosyntactische kennis bij het uitvoeren van de TRT taak.
Het herkennen van korte zinnen gepresenteerd als gemaskeerde tekst, lijkt op basis van deze
data dus niet te worden beinvioed door matige tot ernstige CSH.

In hoofdstuk 6 wordt de vraag beantwoord of het verwerven van taal met een auditieve
beperking de mate beinvlioedt waarin bottom-up auditieve vaardigheden en top-down talige
vaardigheden op volwassen leeftijd bijdragen aan het verstaan van akoestisch aangeboden
zinnen. De onderliggende gedachte bij deze onderzoeksvraag is dat bottom-up auditieve
vaardigheden beinvloed worden door het huidige gehoorverlies, terwijl het top-down gebruik
van talige kennis mogelijk wordt beinvlioed door het effect van aangeboren slechthorendheid
op de verwerving van deze kennis. De studie uit hoofdstuk 6 werd uitgevoerd bij dezelfde
groepen volwassenen met aangeboren (CSH) en verworven (VSH) slechthorendheid als die
in hoofdstuk 5. De distortion-sensitivity methode werd toegepast om te onderzoeken of
eventuele verschillen tussen de groepen in het zinsverstaan kunnen worden toegeschreven
aan verschillen in het gebruik van specifieke morfosyntactische kennis bij het uitvoeren van
de taak. Grammaticaal correcte Nederlandse zinnen en zinnen met een morfosyntactische
fout werden in een stille omgeving aangeboden via een luidspreker, terwijl de deelnemers
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gebruik maakten van hun eigen hoortoestel(len) of cochleair implantaat. De volwassenen met
CSH blijken grammaticaal correcte zinnen minder goed te verstaan dan de volwassenen met
VSH. Er blijkt echter geen verschil te zijn in de mate waarin de deelnemers bij het verstaan van
zinnen gehinderd worden door de morfosyntactische verstoringen in het stimulusmateriaal.
De gevonden verschillen in zinsverstaan tussen de groepen kunnen dus niet worden
toegeschreven aan verschillen in het gebruik van morfosyntactische kennis.

Naast de beoordeling van de data volgens de principes van de distortion-sensitivity methode
werden regressie-analyses uitgevoerd. Het doel van deze analyses was om binnen elke groep de
bijdrage te onderzoeken aan het auditief zinsverstaan van bottom-up auditieve vaardigheden
(in kaart gebracht met de cijfers-in-ruis test) en top-down talige vaardigheden (in kaart
gebracht via analyse van de morfosyntactische correctheid van een gesproken taalsample).
De voorspellende waarde van deze factoren blijkt verschillend te zijn binnen de twee groepen:
variantie in het auditief zinsverstaan wordt binnen de groep VSH volwassenen in ruimere mate
verklaard door bottom-up auditieve vaardigheden dan binnen de groep CSH volwassenen.
De maat voor talige vaardigheden blijkt binnen de CSH groep wel een significante bijdrage
te leveren aan het auditief verstaan van zinnen, maar niet binnen de VSH groep. Uit regressie-
analyses op de visuele data uit hoofdstuk 5 blijkt dat de talige maat ook (een deel van) de
variantie in het herkennen van visueel aangeboden zinnen verklaart binnen de CSH groep,
terwijl dit niet het geval is binnen de VSH-groep. Deze bevindingen geven aan dat het verstaan
van zinnen op volwassen leeftijd wordt benadeeld door het effect van matige tot ernstige CSH
op de taalvaardigheid, onafhankelijk van de modaliteit waarin de zinnen worden aangeboden.
Verder onderzoek is nodig om meer specifiek inzicht te krijgen in de mechanismes binnen het
proces van zinsherkenning die zijn aangedaan door matige tot ernstige CSH.

Het laatste hoofdstuk van dit proefschrift evalueert en overschouwt de resultaten van de
verschillende onderzoeken. Samenvattend blijkt dat de lange-termijn gevolgen van matige
tot ernstige aangeboren slechthorendheid op de productie en receptie van taal subtiel
doch relevant zijn. Voor professionals die zorg en begeleiding bieden aan jonge kinderen
met CSH levert dit onderzoek inzichten op in de specifieke aspecten van het Nederlands die
kwetsbaar zijn als ze worden verworven met een verminderd gehoor. In de algemene discussie
benadrukken we het belang van fijnmazige taalkundige diagnostiek bij kinderen met CSH,
zowel vroeg in de taalontwikkeling als in de daaropvolgende periode waarin meer verfijnde
morfosyntactische kennis wordt verworven. Wellicht kunnen lange-termijn effecten van
CSH op de productie en receptie van taal worden voorkomen door binnen de logopedische
behandeling expliciet aandacht te besteden aan de morfosyntactische aspecten die, zoals
blijkt uit de studies van dit proefschrift, het meest kwetsbaar zijn als het Nederlands verworven
wordt met een verminderd gehoor.
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Ik ben omringd door mensen die stuk voor stuk mijn leven verrijken. Daar prijs ik mezelf
gelukkig mee. Mijn dank gaat uit naar iedereen die de tijd waarin ik tot dit proefschrift ben
gekomen, met me heeft gedeeld.

Theo Goverts — Mijn geschiedenis met jou gaat ver terug: je was mijn stagebegeleider in 1998,
werd daarna ‘Goede Collega’, ging vervolgens het Audiologisch Centrum leiden, om vanaf
2009 mijn begeleider te worden bij dit promotieonderzoek. Vanuit ons beider klinische en
persoonlijke ervaringen heeft dit project vorm gekregen, gedreven door de interesse die we
delenin het raakvlak tussen taal en gehoor. Ik vond het een voorrecht om door jou gevormd en
uitgedaagd te worden tijdens het traject dat we samen hebben doorlopen. Het feit dat jij me
daarnaast voortdurend uitnodigde om mijn taalkundige inzichten met je te delen, leverde een
vruchtbare kruisbestuiving op. Dank voor je geduld, voor het meebewegen tijdens mijn ups en
downs, voor je vertrouwen en je steun. Dit proefschrift reflecteert waar taal en gehoor elkaar al
die jaren in onze gedachtewisselingen hebben ontmoet.

Joost Festen — Wij deelden een bijzondere klinische tijd samen tijdens de eerste jaren waarin
het Cl team Amsterdam zijn vorm kreeg. Dat ik nu onder jouw hoede mijn proefschrift mag
verdedigen, is een mooi vervolg. Dank voor het meedenken, voor je feedback en voor je

vertrouwen.

De deelnemers aan dit onderzoek verdienen vanzelfsprekend mijn dank. Dank voor jullie tijd
en voor de geleverde inspanning bij de taken waarin ik veel van jullie vroeg. Bedankt ook
dat jullie je ervaringen met slechthorendheid met me hebben gedeeld. Bij het verrichten
van onderzoek benader ik een onderwerp vanuit een bepaald perspectief, maar het zijn de
ervaringen van jullie als slechthorenden die me leren om datgene wat ik observeer écht in
perspectief te plaatsen.

Dank aan de mede-auteurs van mijn publicaties, voor het meedenken, voor jullie vragen die
me uitdaagden verder te denken en voor de feedback die elk van de artikels naar een hoger
plan heeft getild. Dank daarvoor aan Jan de Jong, Julie van Lanschot-Wery, Annette de Groot,
Martine Coene, Adriana Zekveld, Elske Bolk, Cas Smits, Julia Waanders, Joost Festen en Theo
Goverts.

Dankaan mijn collega’s uithetwerkveld die me hebben geholpenbijhet wervenvan deelnemers:
Valérie Haesevoets, Michel Makker, Marcel Maré, Guido Makker, Agnes Zonnenberg, Bianca van
der Horst en Astrid van den Hoek.

Dank ook aan de leden van de projectgroep, Tammo Houtgast, Sophia Kramer, Julie van
Lanschot-Wery, Jan de Jong, Martine Coene, Marjan Hoefnagels en Bernie Caessens, met wie ik
tijdens een aantal bijeenkomsten van gedachten heb mogen wisselen.
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Dank aan Fred Weerman, bij wie ik terecht kon met vragen over de interpretatie van taaluitingen
die afweken van ‘de norm’.

Dankjewel, Hans van Beek, voor het ontwikkelen van de software voor de onderzoekstaken,
voor je hulp bij het maken van de figuren voor dit proefschrift en voor het feit dat ik voor alles
bij je langs kon lopen.

Dank aan de studenten die stage hebben gelopen binnen dit onderzoek, voor jullie bijdrage
aan de testafnames en analyse van de data: Nienke Stolk, Jori Henke, Laura Dings, Maaike van
Groenesteyn en Julia Waanders.

De leden van de promotiecommissie, prof. dr. M.M.R. Coene, prof. dr. S.E. Kramer, prof. dr. P.
Van Dijk, prof. dr. D. Ravid, prof. dr. C.C. Levelt en prof. dr. J. Wouters wil ik bedanken voor het
beoordelen van mijn proefschrift en voor het plaatsnemen in de promotiecommissie. Prof. D.
Ravid, Ph.D., thank you for your willingness to read and review my dissertation and for being a
member of the Doctorate Committee.

De Audiologische Centra van VUmc in Amsterdam en Hilversum en de onderzoeksafdeling ‘Ear
& Hearing’ vormen een omgeving waarin collega’s elkaar een warm hart toedragen. lk ben
blij dat ik al jaren deel mag uitmaken van dat team. Cas, Marieke, Erika, Elske, Ingrid, Krista,
Marre, Peter-Jan, Yvonne, Lucas, Erwin, Niek, Elly, Daniella, Marieke, Jaap, Sanne, Theo, Carina,
Marjolijn, Laura, Rick, Diana, Merel, Renske, Wiepke, Leontien, Rita, Hella, Lianne, Jantie, Karin,
Jolanda, Renéeg, Lize, Irene, Maaike, Myrthe, Marit, Sidonne, Marlies, Jaap Peter, Hedda, Hanneke,
Klaske, Ilham, Sylvia, Truus, Natasja, Monique, IJke en Tim, dankjewel voor jullie betrokkenheid
en interesse, zowel in mijn werk als clinicus en onderzoeker als in mijn ‘dingen des levens'.
Dankjewel Marieke, Hans, Alieke, Adriana, Sophia, Feike, Sascha, Ruben, Daphne, Janine, Eveline,
Mirjam, Lisette, Thomas, Jana, Evelien, Bregje, Arjenne, Jacqueline, Ton, Johannes, Maarten,
Mariska, Yang, Ottelien, Janneke, Karen, Barbara, Jizzo, Nand en Hannah, voor de gezelligheid
‘tussen de klapdeuren’ en voor de momenten dat we met elkaar konden sparren over jullie en
mijn onderzoek. En dankjewel Hanneke, Sandra en Maarten, voor jullie aandacht in het contact.
Het feit dat ik met een aantal collega’s meer kan delen dan enkel mijn werk, is goud waard.

En dan mijn vrienden en familie...

Jana - Dank dat je samen met mij op bent gelopen, tot we bijna (of toch net niet) gelijktijdig
onze proefschriften hadden afgerond. Dankjewel dat ik tijdens je promotie naast jou mocht
staan, en dat jij nu die rol als paranimf voor mij vervult. Dank voor de momenten waarin we
herkenning bij elkaar vonden, voor je gedachten over alles wat bijdraagt aan goed leven, voor
de escape die je me biedt in de Zwitserse bergen en voor je vriendschap. Dank voor wie je bent.
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Marieke - Dankjewel, buurvrouwin Oost, collega-onderzoekervan het eerste uur,concertmaatje
en lieve vriendin. Het is fijn dat er op mijn eigen afdeling iemand is met wie ik ook acute dingen
kan delen, die werkgerelateerd zijn of juist helemaal niet. Dank voor je openheid en je warmte.

Paul, Henk en David - ‘De mannen met wie ik mijn leven deel’, zo staan jullie bekend. Paul, in al
die jaren dat we een huis deelden, gingen we veel meer delen dan dat. Jij bent er altijd, om me
met je humor uit mijn fuik te halen, een biertje met me te drinken en je bespiegelingen over het
leven met me te delen, om me precies te bellen op het moment dat ik het even nodig heb en
om me dichtbij te weten in jouw leven. Dank dat je mijn maatje bent. Henk, ‘meneer Veldman’,
wat een rijkdom dat jij mijn leven in bent komen wandelen. Je bent niet alleen de man van mijn
maatje, maar ook een waardevolle vriend. Wie jij bent, en hoe je slechthorendheid daar deel
van uit maakt, inspireert me bij elk contact. Dank voor je openheid, je steun en je vriendschap.
David, een prachtmens met een gouden hart. Ook jou kreeg ik in de bonus, en ik ben je
dankbaar voor je vriendschap en je betrokkenheid. De vakanties die wij met elkaar hebben
gedeeld en waarin jij een groot aandeel had, vormen prachtige herinneringen. Dank!

Wim - Als vriend die dicht bij me staat, krijg je alles mee. Dankjewel voor het luisteren, voor
het meedenken, voor je scherpe analyses van situaties en gebeurtenissen, voor je blik die altijd
nét die andere kant belicht, voor het feit dat je me goed kent, voor je steun, je liefde en je
vriendschap. Dank dat je er voor me bent.

Erik, Sanne, Sanne en Paul - Bij jullie kon ik terecht voor de nodige ontspanning, voor
relativerende gesprekken, koppen thee, bezoeken aan concerten of festivalletjes en avonden
in de kroeg of thuis op de bank. Dank daarvoor.

Eva - Dankjewel, lieve Eva, voor onze vriendschap die al heel lang mee gaat. Naast mijn
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Udo - Dank voor de lange gesprekken tijdens onze wandelingen, voor het ontwarren van
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voor het thuisgevoel dat jullie me in Belgié geven.

Ferre, Thomas, Stien en Simon — Dank voor jullie onbevangenheid, die me telkens weer in het
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Denies en Marcel - Lieve moeke en vake. Jullie opvoeding bracht mij zelfvertrouwen, aandacht
voor anderen, nieuwsgierigheid en een open blik. Dat ik daarmee het leven tegemoet kan
treden, is een groot goed. Dank voor alles.

Amsterdam, September 2016
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