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Med en avundsvärd detaljkännedom har Kristina varit ett ovärderligt stöd, och tillsam-
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Swedish summary 

I den svenska skolan går uppskattnings-
vis femtusen elever med hörselnedsätt-
ning. Ungefär tvåtusen av dessa har en så 
allvarlig hörselnedsättning att den kräver 
insatser i form av hörapparat eller hörsel-
tekniska hjälpmedel i klassrummet. För 
ett fåtal vållar hörselnedsättningen inga 
betydande svårigheter, men för elever 
med hörselnedsättning som grupp note-
ras ändå signifikant lägre slutbetyg från 
grundskolan än för elever med normal 
hörsel, och en större andel elever med 
hörselnedsättning misslyckas med att nå 
godkända betyg i de ämnen som krävs för 
fortsatta studier på gymnasiet. Dessa aka-
demiska svårigheter befästs, och endast 
cirka tio procent av elever med hörsel-
nedsättning söker eftergymnasial utbild-
ning, att jämföra med cirka femtio pro-
cent av elever med normal hörsel. Siff-
rorna avspeglar att elever med hörselned-
sättning som grupp har svårt att nå sko-
lans mål, och att insatserna som ges dessa 
elever är otillräckliga. 

 

Många studier har påvisat språkliga svå-
righeter hos barn och ungdomar med hör-
selnedsättning, även hos de med milda 
till måttliga nedsättningar. Såväl språkets 
form (fonologi och grammatik) och inne-
håll (semantik) som hur språket används 
i samspelet med omgivningen (pragma-
tik) har undersökts, och upprepade stu-
dier har konstaterat särskilda svårigheter 
gällande fonologiska färdigheter, det vill 
säga förmågan att hantera språkets ljud-
system. Som en konsekvens drabbas 
språkliga färdigheter som är beroende av 

fonologisk förmåga, exempelvis ordför-
rådsutveckling och, för många, även läs- 
och skrivfärdigheter. I flera studier har 
konstaterats att hos ungefär hälften av 
barn med hörselnedsättning är svårighet-
erna av sådan omfattning att de språkliga 
kriterierna för den kliniska diagnosen 
specifik språkstörning uppfylls. För att 
kunna ge individanpassad behandling 
och pedagogiska insatser är det av största 
vikt att dessa barn tidigt identifieras. Värt 
att notera är att graden av språkliga svå-
righeter inte enkelt går att koppla till gra-
den av hörselnedsättning. En allvarligare 
nedsättning av hörseln behöver alltså inte 
betyda större språkliga problem, utan den 
språkliga förmågan påverkas av flera 
samverkande faktorer, både inom indivi-
den (exempelvis minnesfunktioner och 
förmågan att planera och kontrollera sitt 
beteende och sin uppmärksamhet) och i 
omgivningen (exempelvis kvalitet och 
omfattning av de insatser och den språk-
liga stimulans som ges barnet). 

 

I den här avhandlingen undersöks om, 
och i så fall hur, dessa språkliga svårig-
heter påverkar förmågan att samspela 
med en normalhörande omgivning. Vi 
undersöker barn och ungdomar med sen-
sorineural hörselnedsättning, en bestå-
ende typ av hörselnedsättning som orsa-
kas av skada på innerörats snäcka eller på 
nervförbindelsen med hjärnans hörsel-
områden. Förmågan till samspel under-
söks i en så kallad referentiell kommuni-
kationsuppgift där barnet i samarbete 
med en normalhörande kamrat ska lösa 
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other objective auditory measures, for 
example, auditory brainstem response, 
and auditory steady-state response, this 
enables early intervention beneficial for 
language development (Moeller, 2000; 
Yoshinaga-Itano, Coulter, & Thomson, 
2001; Yoshinaga-Itano, Sedey, Coulter, 
& Mehl, 1998). More detailed audiologic 
evaluation must await subjective testing, 
in which the child provides an overt re-
sponse, for example, pressing a button 
when presented with a stimulus sound. 
Hearing acuity is typically measured as 
the better ear average pure-tone hearing 
threshold across the frequency range crit-
ical for perceiving speech (0.5-4 kHz; 
ISO 8253-1, 2010; WHO, 2013). By 
measuring the difference in hearing 
thresholds between air conduction (lis-
tening through earphones) and bone con-
duction (perceiving sound vibrations 
through the skull), the audiologist differ-
entiates between conductive and sensori-
neural impairments. 

 

Audiologic testing will determine the ex-
tent of the impairment, and also clarify 
which type of intervention is likely to be 
most beneficial. The intervention varies 
depending on the degree of the impair-
ment (see Concepts below). For children 
with mild-to-moderate bilateral impair-
ments, the combination of hearing aids, 
hearing assistive technology systems, 
and counselling is often recommended. 
Children with severe-to-profound im-
pairments are evaluated further regarding 
candidacy for cochlear implantation and 
preferred mode of communication. 
Given the genetic contribution to the con-

dition, consideration is taken to the com-
munication mode of other family mem-
bers. 

Prevalence 

Estimates of prevalence differ greatly de-
pending on the degree of the impairment 
and the samples studied. From studies of 
clinical samples (that is, studies of chil-
dren known to audiologic services, for 
example, using hearing aids) reported 
prevalence is low, approximately 0.1-0.3 
percent (Fortnum, Summerfield, 
Marshall, Davis, & Bamford, 2001; 
Sehlin, Holmgren, & Zakrisson, 1990; 
Vartiainen, Kemppinen, & Karjalainen, 
1997). In the Swedish annual cohort of 
100 000 newborns these rates translate to 
200 children, of which approximately 55 
are candidates for cochlear implantation 
(SBU, 2006). In contrast, epidemiologi-
cal studies estimating the prevalence in 
larger, representative population sam-
ples, report the rates for slight-to-mild 
impairments alone to be approximately 
1-3 percent (Bess, Dodd-Murphy, & 
Parker, 1998; Niskar et al., 1998; Wake 
et al., 2006), and 5 percent if unilateral 
impairments are included (Bess et al., 
1998). This range of prevalence exceeds 
that of, for example, autism, and ap-
proaches those of attention-deficit/hyper-
activity disorder, dyscalculia, and dys-
lexia (Butterworth & Kovas, 2013). Fur-
thermore, the discrepancy in prevalence 
between clinical and population samples 
indicates that a large proportion of chil-
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dren with SNHI are at risk of not receiv-
ing intervention (Wake & Poulakis, 
2004). 

Summary 

SNHI is a lasting damage to the cochlea 
and/or cochlear nerve, reducing, dis-
torting, or preventing auditory sensation. 

Audiologic diagnostics determine the ex-
tent of the impairment. Audiologic inter-
vention ranges from counselling for mild 
impairments, via hearing aids and hear-
ing assistive technology systems for 
moderate-to-severe impairments, to 
cochlear implantation with or without 
spoken language as the main mode of 
communication for severe-to-profound 
SNHI. Cross-disciplinary collaborations 
help manage sequelae of the impairment. 

Concepts 

Degrees of hearing impairment 

 

 

 

 

 

 

 

 

 

 

 

 

 

Degrees of hearing impairment according to the recommendations of the American 
Speech-Language-Hearing Association (Clark, 1981), the World Health Organization 
(WHO, 2013), and the European working group on the genetics of hearing impairment 
(Stephens, Read, & Martini, 1998). All classifications are based on average better ear 
hearing level (BEHL) measured at 0.5, 1, 2, and 4 kHz.  
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Pittman, Hoover, and Lewis (2004) who 
found receptive vocabulary to be the best 
predictor of novel word learning in 6-9 
year-olds with SNHI, with significant 
contributions also from stimulus presen-
tation level (higher dB better) and num-
ber of repetitions (more is better). In con-
trast to the findings of Gilbertson and 
Kamhi (1995), Stelmachowicz et al. 
(2004) found no support of a subgroup of 
children with hearing impairment per-
forming on par with peers with normal 
hearing, nor did a follow-up study find 
improvement of novel word learning 
from increased frequency bandwidth 
(that is, a signal allowing clearer detec-
tion of high pitch phonemes, for exam-
ple, /s/; Pittman, Lewis, Hoover, & 
Stelmachowicz, 2005). Studies using 
parent reports of both expressive 
(Mayne, Yoshinaga-Itano, Sedey, & 
Carey, 1998) and receptive vocabulary 
(Mayne, Yoshinaga-Itano, & Sedey, 
1998) have confirmed a delayed vocabu-
lary development among children with 
mild-to-moderate SNHI. Lederberg, 
Prezbindowski, and Spencer (2000) in-
vestigated the reason for the delay and 
found children with moderate-to-pro-
found hearing impairment to exhibit nor-
mal inferential behavior (for example, 
mapping a novel word with a novel ob-
ject rather than with a familiar one). 
However, a subgroup of the children with 
SNHI needed more instruction for doing 
this, and exhibited the behavior a year 
later than their normal hearing peers 
(Lederberg et al., 2000). 

 

Hansson, Forsberg, Löfqvist, Mäki-
Torkko, and Sahlén (2004) found 9-12 

year-old children with mild-to-moderate 
SNHI to outperform same-age peers with 
Specific Language Impairment (SLI; see 
Concepts below) on novel word learning. 
The ability to acquire novel words was 
best predicted by working memory ca-
pacity, and was found not to be related to 
degree of hearing impairment. In a com-
parison of a younger sample from the 
same subject populations, Sahlén and 
Hansson (2006) failed to find the same 
difference in novel word learning be-
tween children with SNHI and SLI, but 
again found no relation between novel 
word learning and degree of hearing im-
pairment. For both groups, aspects of lex-
ical ability provided the best prediction 
of novel word learning, with receptive 
vocabulary being the strongest predictor 
among the participants with SLI, and au-
ditory associations (a measure of lexical 
organization and retrieval) providing the 
best prediction for the children with 
SNHI (Sahlén & Hansson, 2006). Repli-
cating earlier findings (Gilbertson & 
Kamhi, 1995; Lederberg et al., 2000), 
Sahlén and Hansson (2006) also found a 
subgroup of children with SNHI meeting 
the linguistic criteria of a diagnosis of 
SLI. 

Phonology 

With a known effect on vocabulary de-
velopment (Gathercole, Willis, Emslie, 
& Baddeley, 1992), a number of studies 
have examined deficits in phonological 
processing as a possible origin of the de-
layed vocabulary development of chil-
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confirmed smaller receptive vocabularies 
among the participants with SNHI. How-
ever, these deficits were not explained by 
differences in working memory capacity. 
The children with SNHI performed on 
par with peers with normal hearing on 
working memory tasks and also exhib-
ited an auditory advantage, yielding bet-
ter spans for stimuli presented in the au-
ditory than in the visual modality, an ad-
vantage generally considered to indicate 
an active role of the phonological loop in 
memory encoding (Stiles et al., 2012). A 
group difference was, however, found on 
a test of articulation rate. Articulation 
rate provides an estimate of the amount 
of verbal information possible to keep in 
subvocal rehearsal, and a reduced rate 
has been associated with limited pro-
cessing capacity in children with severe-
to-profound hearing impairment and 
cochlear implants (Pisoni & Cleary, 
2003). In the laboratory setting, Stiles et 
al. (2012) also found no reduction in 
working memory capacity in the pres-
ence of background noise. Taken to-
gether, the results of Hansson et al. 
(2004) and Stiles et al. (2012) indicate 
similar contributions of working memory 
to language development in children with 
and without hearing impairment. The au-
thors of both studies conclude that the 
deficits in vocabulary often reported for 
children with SNHI are unlikely to be 
solely caused by a reduction in working 
memory capacity. However, as stated by 
Stiles et al. (2012, p.166), recognition of 
the language problems exhibited by chil-
dren with SNHI requires additional re-
search to determine under which condi-
tions language learning might be im-

peded. On the other hand, the develop-
mental trajectory of children with SNHI 
may be beyond exhaustive description 
(as suggested for SLI by Corriveau, 
Pasquini, & Goswami, 2007). Complex 
interaction between the auditory deficit, 
the interplay between phonology, vocab-
ulary, and syntax during development, 
and social cognition and environmental 
factors, contributes to great heterogene-
ity among children with SNHI and makes 
an accurate prediction of the language 
outcome challenging. The present thesis 
investigates the performance of children 
with SNHI using a referential communi-
cation task requiring not only language 
skills, but a broader range of executive 
functions and perspective-taking in-
volved in communication. 

Summary 

The language development of children 
with mild-to-moderate SNHI has repeat-
edly been shown to depart from the typi-
cal trajectory. Several studies find ap-
proximately half of children with SNHI 
to exhibit substantial language problems. 
Evidence is converging on vocabulary as 
a particularly vulnerable area, indicating 
deficits in phonological processing as the 
underlying cause, whereas uncertainties 
remain regarding grammatical develop-
ment. Numerous factors likely contribute 
to the heterogeneity in language out-
come; intrinsic (for example, cognitive 
ability) and extrinsic (for example, ade-
quacy of audiologic and linguistic inter-
vention, quality and quantity of linguistic 
input, feedback, and teaching), as well as 
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Communication and pragmatic ability 

The primary purpose of our language 
ability is communication, that is, to inter-
act with the people around us, to state our 
wants and needs and respond to those of 
others. Language ability, at least nar-
rowly defined as the capacity to form lin-
guistically coherent messages, is, how-
ever, merely one tool necessary for suc-
cessful communication. This chapter 
briefly summarizes how verbal (here, 
speech) and nonverbal (gaze, gestures) 
modalities are integrated with contextual 
factors (for example, the topic of conver-
sation, and influences from the conversa-
tional partner) to shape our communica-
tive ability. 

Pragmatics 

Communication refers to a wide concept 
of mutual sharing of ideas and influences 
between individuals (Nettelbladt & 
Salameh, 2013). In part, communication 
is covered by pragmatic ability, that is, 
the appropriate use of language in a par-
ticular setting. Different theoretical per-
spectives (for a summary, see Perkins, 
2007) consider pragmatics to be either 
the third part of the language ability 
(alongside linguistic form and content) or 
inseparably interwoven with all linguistic 
domains (and perhaps even underlying 

language development itself, with the 
need to communicate driving the evolu-
tion of language). Of central importance 
to the latter view is the notion of inter-
personal, or dialogic, influence, stating 
that complete understanding of commu-
nication will not be reached by studying 
only one of the interlocutors, or without 
taking into account contextual factors 
(Nettelbladt & Salameh, 2013; Perkins, 
2007). A challenge for either view is clin-
ical evidence of a dissociation between 
language and pragmatic ability, as evi-
denced by aphasic patients sometimes 
still able to communicate well using ges-
tures and mimicry, or, conversely, indi-
viduals with autism spectrum disorders 
exhibiting great difficulties communi-
cating despite adequate linguistic ability 
(Perkins, 2007). This evidence points to 
the theoretical and clinical importance of 
examining the numerous sources of in-
formation used in interaction between in-
dividuals. 

Perspective-taking 

Adaptation to the perspective of the com-
municative partner can be seen as a prag-
matic ability (Nettelbladt & Salameh, 
2013). This perspective-taking, related to 
theory of mind (see Concepts below), has 
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at the conversational partner at key mo-
ments of an interaction can signal the end 
of a speaking turn and the readiness of 
the partner to continue speaking. Con-
versely, the absence of gaze can signal 

unwillingness to relinquish the speaking 
turn or the need for an extra moment to 
find the right word or answer to a ques-
tion.
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Paper 3 recruited ten children and adoles-
cents (9;8 to 15;10 ys, mean age 12;4 ys) 
with mild-to-moderate, bilateral and 
symmetric, sensorineural hearing impair-
ment (mean better ear pure-tone average 
33.0 dB HL). Mean age at identification 
of the hearing impairment was 3;7 years 
and mean age at amplification was 5;2 
years. The participants invited a same-
age classmate with whom to perform the 
referential communication task. The task 
data were compared to those of a control 
group of participants with normal hear-
ing (verified by pure-tone hearing 
screening at testing), matched for age and 
gender, also bringing same-age class-
mates as conversational partners. No sig-
nificant differences between target and 
control participants were found on recep-
tive grammar or non-linguistic skills. 
Change in the probability of gaze-to-
partner over the course of the production 
of different utterance types was esti-
mated with Kaplan-Meier survival anal-
ysis and Mantel-Cox log rank tests (esti-
mating and comparing time to gaze-to-
partner within the analysis window) and 

odds ratios (comparing number of utter-
ances produced with and without gaze-
to-partner across groups). 

 

Compared to controls, the children with 
SNHI exhibited increased probability of 
gaze-to-partner when asking questions, 
making statements, providing back chan-
neling, and listening to the partner, as ev-
idenced by reduced survival rates (that is, 
shorter duration of utterance production 
before gaze-to-partner) and increased 
odds ratios (higher proportion of utter-
ances produced with, as compared to 
without, gaze-to-partner; see Table 3). 
The results indicated an increased use of 
visual cues among children with SNHI, 
on par with normal hearing controls on 
measures of receptive grammar and non-
linguistic skills. 

 

While confirming the hypothesis of an 
increased use of visual cues among par-
ticipants with mild-to-moderate SNHI, 
paper 3 left unresolved the question of 
the underlying cause of the increased 
probability. 
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Table 5. Hazard ratios and p values for the effect of Group on the probability of gaze-
to-partner, for the different steps of adjustment, paper 4. 

Contrast n HR (95% CI) p p interaction 
Group1 2946 1.51 (1.34-1.70) <.0005  
Group2 1.45 (1.24-1.70) <.0005  
Group3 3.16 (1.73-5.78) <.0005 <.0005 
Group4 2.86 (1.49-5.47) .001 <.0005 
 Low NWrep4b 1053 2.17 (1.58-2.98) <.005  

High NWrep4b 1893 0.67 (0.50-0.90) .008  
Notes: 1 Model adjusted for Group; 2 Model adjusted for Group, TROG-2, BNT, CLPT; 
3 Model adjusted for Group, NWrep, Group × NWrep; 4 Model adjusted for Group, 
TROG-2, BNT, CLPT, NWrep, Group × NWrep; 4b Model adjusted for Group, TROG-
2, BNT, CLPT stratified on NWrep performance. HR presents hazard ratio estimates 
for SNHI (with 95% confidence intervals). p values present significance of contribution 
to the model for Group, and Group × NWrep interaction. 

Summary 

- Mutual understanding of the objec-
tives of a referential communication 
task allow speakers to include unre-
quested information in answers with-
out compromising understanding. 

- Higher probability of gaze-to-partner 
when asking questions than making 
statements, and lower probability 
when giving back channeling than 
listening silently to the partner, sup-
port hypotheses of a relation between 
gaze-to-partner and turn taking in 
conversation, and a complementary 
use of verbal and nonverbal modali-
ties. 

- Higher rates of gaze-to-partner dur-
ing production of all utterance types 
indicate greater use of visual cues 
among children with mild-to-moder-
ate hearing impairment. 

- Children with hearing impairment 
and reduced phonological short term 
memory capacity show a doubled 
probability of gaze-to-partner, com-
pared to peers with normal hearing, 
results highlighting a link between 
language functioning and gaze-to-
partner in conversation. 
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General discussion 

With an aim to explore the verbal and 
nonverbal exchanges during a referential 
communication task, this thesis has high-
lighted an increased use of visual cues 
among children with mild-to-moderate 
SNHI, and pointed out phonological 
short term memory capacity as an ex-
planatory factor of the increased use of 
gaze-to-partner. The findings propose a 
number of directions for further research, 
as well as implications for clinical and 
pedagogical work with children and ado-
lescents with hearing impairment. This 
chapter discusses the findings within the 
wider context of the everyday interac-
tions of children with hearing impair-
ment in normal hearing surroundings, 
emphasizes the multimodal nature of 
communication, and discusses issues re-
garding data collection and analysis nec-
essary for valid interpretation of the re-
sults. 

Compensation, pragmatics, 
or both? 

As suggested by, for example, Blamey et 
al. (2001), children with hearing impair-
ment will compensate for the degraded 
auditory signal by all means available, 
including using visual information to aid 
processing and interpretation of verbal 

information. Further studies are, how-
ever, needed before the increased use of 
gaze-to-partner among participants with 
SNHI in the present thesis can safely be 
established as evidence for an increased 
need for visual cues. Indeed, several find-
ings indicate that the group differences in 
gaze behavior express a compensatory 
mechanism among the participants with 
SNHI. The higher probability of gaze-to-
partner among the children with SNHI, 
and in particular among those with re-
duced phonological short term memory 
capacity, and the well-established bene-
fits, for listeners with and without hear-
ing impairment alike, of having access to 
both auditory and visual information for 
speech perception, support an interpreta-
tion of gaze-to-partner serving as com-
pensation. Recently, additional support 
for this interpretation was provided by re-
sults showing participants with normal 
hearing to rely more on visual infor-
mation (here, gestures) for correct inter-
pretation of a verbal message presented 
against babble noise as compared to si-
lence, thereby using visual information to 
the same extent as participants with hear-
ing impairment performing the task in si-
lence (Obermeier, Dolk, & Gunter, 
2012). The adverse listening conditions 
induced by the babble noise appear to 
evoke similar gaze behaviors in individ-
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uals with normal hearing as those exhib-
ited by the participants with SNHI in the 
present thesis. 

 

Compensatory mechanisms are, how-
ever, not the only possible explanation to 
the observed gaze behavior, and prag-
matic aspects of gaze exchanges, for ex-
ample, gazes to the conversational part-
ner as a signal of turn shift, must be con-
sidered. In the present thesis, increases in 
probability of gaze-to-partner show a 
close time-coupling with the production 
of turn shifts (as in the case of questions) 
and signals of understanding (back chan-
neling). Importantly, as shown by raw 
data examination, the time-coupling 
shows little variation between groups, 
supporting an interpretation of gaze-to-
partner playing a role in turn taking for 
all participants, hearing impaired or not. 
Interpretations of the increased probabil-
ity of gaze-to-partner serving as compen-
sation for degraded auditory input, or as 
a nonverbal means to assist the pragmat-
ics of communication, are, of course, not 
mutually exclusive. Indeed, the present 
findings support the idea of both factors 
contributing to the increased probability 
of gaze-to-partner, with the majority of 
probability variance representing group 
independent, pragmatic uses of gaze-to-
partner. The significant increase from 
this level among participants with SNHI 
could, thus, be seen as an expression of a 
compensatory mechanism. 

 

Future studies delving deeper into the is-
sue of the increased use of visual cues in 
individuals with hearing impairment 

should make efforts to describe the rela-
tive contribution of compensatory and 
pragmatic aspects to the use of gaze-to-
partner. Investigation of a compensatory 
mechanism would benefit from the inclu-
sion of participants with wider ranges of 
degree of hearing impairment, as well as 
cognitive and linguistic skills, in order to 
clarify the relation between the degree of 
disability and the use of visual cues. 
Pragmatic aspects of gaze exchanges 
would, instead, be better understood by 
modifying the task and setup. Blocking 
gaze exchanges between the participants 
and examining the consequences on the 
conversation (for example, in terms of 
number of questions asked, or time 
needed to solve the task) would provide 
valuable information on the contributions 
of gaze-to-partner to communication. 
Furthermore, comparing gaze exchanges 
during the referential communication 
task to other communicative settings, for 
example, free conversation, where ques-
tions are less frequently asked, would 
add to our knowledge of the task depend-
ency of the findings. To further validate 
gaze-to-partner as a pragmatic expres-
sion used in communication, participants 
with known pragmatic impairments, as 
established by other measures, should be 
included. Eye tracking in relation to the 
verbal production under natural conver-
sational conditions would provide a more 
detailed description of the gaze behavior 
of individuals with pragmatic impair-
ments, possibly distinguishing between 
irregularities regarding gaze focus area 
(for example, avoiding eye contact) and 
gaze timing (exhibiting typical, but tem-
porally misaligned, gaze exchanges). 
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