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Abstract

Objective: The aim was to explore PA skills German-spealmgschool children with
cochlea implants (Cls) and how these skills mayeteted to their speech and language skills.
Methods: Three monolingual German-speaking pre-schooldoéil aged 5;04 — 6;01 with
bilateral Cls were tested. Their cognitive, speadd language skills were assessed. Six
subtests of a standardized PA test battery werengstared (i.e. rhyme identification, rhyme
production; phoneme identification- input and -ouiminoneme blending-input and -output).
Results: All three children showed distinctive PA profile®ne boy, who had no spoken
language deficits, struggled to complete the rhytasks but performed well on three
phoneme tasks. However, he showed a discrepanayebet expressive and receptive
phoneme blending skills, scoring poorly on the espive subtest. The second boy, who
displayed grammar comprehension and expressivebutary difficulties, showed a mixed
profile, with a below average performance on rhyrauction. The girl who had significant
speech and language deficits scored below averagé six PA subtests.

Conclusions: PA profiles in children with CI vary consideratdnd PA testing should include
a range of different PA tasks. The assumed linkveeh spoken language deficits and PA
difficulties shown in children with normal hearieguld be confirmed.

Keywords: children with Cl,phonological awareness, German-speaking
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BACKGROUND

There are a considerable number of people with csgresiral hearing loss. To date
approximately 300,000 people world-wide have beeviged with cochlear implants (CI) of
which more than 25,000-30,000 people received i€iSermany. Current numbers show that
each year approximately 3,000 people in Germanyengud Cl-surgery [1]. The German
Federal Statistical Office reports that in total(&, people between birth and the age of 95
received a cochlear implant in 2015. 62 of theneirexd a cochlear implant with several
electrodes (e.g. double array), 238 with signattebele, but not hearing preservative, 396
with a signal electrode hearing preservative amécgived a cochlear implant without any
specific information. In total, 705 of them wereldhen with sensorineural hearing loss aged
between birth and fifteen years [2]. Studies wh&kamined the speech and language
development of children with and without sensoriaéunearing loss, report different
developmental trajectories [3-7]. For example, éhsrempirical evidence that a considerable
number of children with CI show vocabulary defidit3. Vocabulary growth is an important
factor in the storage of word forms [8, 9]. The mavords a child learns, the more detailed
the stored information about the words need toHm. example, the words <house> and
<mouse> can only be differentiated if the child canognize their different onsets (i.e. /m/
and /h/).

Another skill which is often affected adverselyisonological awareness (PA). PA is the skill
to manipulate the word form independently of itsamag [10]. It is a complex metalinguistic
skill which can be assessed on different linguistiits, i.e. syllable, rhyme, and phoneme
level. In addition, different levels of explicitreesan be differentiated, i.e. identification,
segmentation, blending, and manipulation of lingaianits. The developmental progression
continues from syllable, to rhyme, and phonemelland children are first able to identify
sounds (e.g. “Fish, dog, foot — which words sourelgame at the beginning?”), followed by

segmentation and blending. The most difficult téasko manipulate the word form (e.qg.
2
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“What is the word you get when you say ‘cat’ withdlk/"?). PA, in particular phoneme
awareness, is an important prerequisite for liteaauisition and therefore a crucial skill to
acquire during preschool and school age. Childréh speech processing difficulties and
expressive phonological impairments are at risk Ré deficits [11, 12]. There is a
considerable number of children with ClI who showeesgh perception and production
difficulties and empirical studies found that cindd with CI show weaker PA skills than
typically developing children [13-15]. However, dar variability in test performance for PA
and other language variables are evident as watitoFs such as age of implantation and
parental/carer language support may have a comabigemfluence on children’s language
performance [16-19]. Therefore, children with Cledeclose monitoring of their spoken
language acquisition, including PA, to allow eaitientification of speech and language
difficulties and, if needed, to be provided wittesglic speech and language therapy.

Until recently most of the research has focuse&wglish-speaking children. Little is known
about PA skills in preschool Cl-children speakinigreguage other than English and there is a
lack of data on PA development in German-speakiegghool children with CI. Therefore,
this pilot study aimed to assess PA performandgemman-speaking preschool children with
Cl and to explore their individual PA profiles ielation to their language skills. Three
preschool children aged 5;04 — 6;01 with profounarimg impairment and bilateral Cls were
included. They had not entered formal educatiothattime of testing (note: children are on

average around the age of six when they start flosoieol tuition in Germany).

METHOD

Participants

All three children were monolingual German-spealimg-school children, two children are

male, one is female (referred to in the followirgM1, M2, and F1 respectively). M1 was
3
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6;01 at the time of testing, M2 5;04, and F1 6;DcAildren suffer from sensorineural hearing
loss but had no additional physical or neurologdiahbilities. All children were fitted with
bimodal hearing aids and later with bilateral ceehnlimplants (MED-EL SONATATI100,
speech processor OPUS 2). Detailed characteristicshe children, including age of
implantation and their audiological data, can henfbin Tables 1 and 2 respectively.

Table1

Table 2
Material

Coaqnitive, speech, and language skills

The following assessments were administered to ttestchildren’s cognitive, speech and
language skills:

1. SON-R 2%-7 [2Q] This standardized [21], nonverbal assessmenthibdren aged 2;6
— 7;11 was used to assess cognitive skills. It caraprsix subtests, each with 15
items, assessing spatial visualization (subtestsdits, Patterns), concrete reasoning
(subtests: Puzzles, Situations) and abstract reap@@ubtests: Categories, Analogies).
Participants receive feedback after each item, thighexaminer providing support if a
task is not solved correctly. The test takes betvErand 60 minutes.

2. TROG-D [22] The German version of the well-stablished TRO&s(Tor Reception
of Grammar, Bishop, 2003) was chosen to assesptieegrammar skills. The test is
standardized for children aged 3;0 — 10;11 and cm@pr21l grammatical constructs,
each of which is tested by a four picture iderdifion paradigm. Participants choose
the picture which matches the examiner’s statemeraddition to the target picture,
there are also grammatical and lexical distradtareach item.

3. PLAKSS [23] This speech assessment tool provides an ovewiie@nchild’s phonetic
and phonemic speech inventory, including phonoklgicocesses. Normative data are

available for children aged 1;6 — 6;0. There are $wbtests: a picture naming task and
4
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4.

a 25-word inconsistency test. The former tests@&®s, which cover all sounds of the
German phoneme inventory in all positions (wordiahi -medial, and -final), the
latter comprises 31 picture maps, which participamne asked to describe.

WWT [24} The test assesses semantic and lexical skillbmoacomponents: WWT-
expressive, a picture naming test, and WWT-receptas follow-up task in which
participants’ receptive vocabulary is tested basethe items that could not be named
in the first task. Normative data for children age@ and 10;11 is available and its
internal reliability varies between= .90 andx = .92 depending on age group. WWT-
expressive was used as an expressive vocabularsuneetor M1 and F1. Since M2
was younger and age norms for his age were nolablaj an alternative standardized

assessment for expressive vocabulary was admimis(ee. AWST-R, [25]).

Phonological awareness skills

Six out of eleven subtests from a standardizedeBAlattery for German-speaking preschool

children were administered [26]. Input and out@asks were included to allow comparisons

between receptive and expressive PA skills. Foh eabtest three practice and twelve test

items were presented:

1.

Rhyme-identification-inputRhymelDn): A stimulus word is depicted at the top of the
page and three choice pictures underneath it. @mnilgoint to the picture of the word
that rhymes with the stimulus word. Apart from tmrect answer, a phonological
distracter and a semantic distracter are depicted.
Rhyme-production-outpuiRhymeProdut): Children are asked to produce as many
words as possible that rhyme with the stimulus wditere is a time limit of fifteen
seconds for each item. The children are instrutbedroduce real rhyme words or
rhyming pseudowords.

Sound-identification-inpu{SoundIDn): The stimulus word is depicted at the top of

the page and the three possible choices underite&thildren point to the picture of
5
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the word that shares the initial sound(s) withgheulus word. Apart from the correct
answer, a phonological distracter and a semargicadier are depicted.

4. Sound-identification-outpu{SoundIDout): Children are presented with pictures of
pairs of words. Both words in each pair share eithsingle consonant onset (C), a
two consonant onset cluster (CC), or the first coast of the consonant onset cluster
(CC). Children pronounce the shared sound(s).

5. Sound-blending-inpu{SoundBlenth): The target word is presented by the tester,
segment by segment. The pause between each sowmé isecond. Three pictures
representing the target word and two distracteestlaen presented to the children,
who are asked to point to the right picture. Ongrdcter matches the onset of the
target word, the other its coda. They share theesaomber of syllables and, if
possible, the same number of sounds as the target.

6. Sound-blending-outpuiSoundBlendut): Children are asked to produce a word by
blending the sounds spoken by the tester. The pbasgeen each sound is one
second. The words used range from 2-5 segmengsigtH. No pictures are presented.

For a detailed description of the design of thetestls see Schaefer et al. or Fricke & Schafer

[26, 27].

Procedure

The data for this pilot study were collected ag p&ml bachelor thesis of one of the authors
and the project was reviewed by an internal etbaramittee (Catholic University of Applied
Sciences). The participants were recruited fromObpartment for ENT and Communication
Disorders, Mainz, Germany. Information leaflets evsent to the parents/care givers, who
were then contacted via telephone a few days lalieparents were happy for their child to
participate and returned the signed consent forthéaesearch team. The assessments were

carried out in a quiet room at the children’s hofarents or another care giver were allowed
6
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to attend the test session. Each child was seemrfersession to test their phonological
awareness skills, lasting 45-60 minutes. All sessiare scored online and audio recorded
for later checking. Test scores for their cognitiseech, and language skills were taken from
their patient history with the permission from thgiarents/care givers and the clinic

(Department for ENT and Communication Disordersind&ermany).

RESULTS
Table 3 summarizes the results of the cognitivegsh and language assessments. M1 and
M2 showed age appropriate cognitive skills. F1 dodt attend the SON-R testing. However,
her case history did not reveal any issues regattengognitive skills.

Table3
M1 scored within normal range on both language mressents and showed age appropriate
speech skills. M2 displayed language difficultisspring low on the comprehension test
(TROG-D) and in the expressive vocabulary assess(éWT). In addition to a language
deficit F1 showed a speech impairment. She showstemic speech errors, including
fronting of velar plosives (/ky, n / — [t, d, n]), fronting the postalveolar fricativgé to [s, z],
backing the consonant cluster /tr, dr/ te,[§k] (e.g. /tepa/ <stairs> to [keps]), and backing
of the alveolar plosives /t, d/ to [§]. Structural phonological processes were alsorobbée,
in particular assimilations and reductions of sngbnsonants and consonant clusters in
syllable onset or coda position. In summary, Flwst a severe speech impairment,
including delayed and deviant phonological processe

Table4
Table 4 summarizes the PA scores for all threedadml, including their percentile rank range.
M1 struggles with both rhyme tasks. Scores for Smeind-identification subtests are age-
appropriate. The Sound-blending tasks show a giaa®y between input and output. M1

scores highly on the input task but performs beda@rage on the equivalent output task. M2
7
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shows a discrepancy between the input and outmit ¢&@ the rhyme tests. While his
performance on the Rhyme-identification-input task age-appropriate, he struggles to
complete the Rhyme-production-output task. No potd are observable in any of the
Sound-identification subtests. Some additional ed#hces between input and output
performance can be seen in the Phoneme-blendikg. t82 scores higher and within age
norms on the output task. F1 shows consistently péoskills across all six subtests. Her
percentile scores are all significantly below agerarables 5 — 7 provide an overview of the
individual phonological awareness profiles.

Table5

Table 6

Table 7
DISCUSSION
The aim of this pilot study was to explore childseindividual PA profiles in relation to their
speech and language skills. Three very differeotilps could be observed. These differences
cannot be explained by differences in 1Q, sincechilldren showed age-appropriate cognitive
skills.
M1 struggled considerably with the Rhyme-identifica-input and Rhyme-production-output
tasks and scored well below average. It seemshihdtas not acquired the principle of the
onset-rhyme level yet. He is neither able to idgritie rhyme words within a choice of three
possible answers, nor does he manage to produceerhyords independently. Since his
vocabulary and speech skills are age appropriatehand able to complete PA tasks on the
phoneme level, it is assumed that the problem iscaoted by speech or language deficits,
but that it may be a problem related to the actjarsiof the metalinguistic knowledge of the
onset-rhyme level. In contrast, he scored highlythen Phoneme-identification-input/-output
and Phoneme-blending-input task. This shows thatoldd perform equally well as his age-

equivalent normal-hearing peers on those subtesitshat children with CI do not necessarily
8



Running head: Phonological awareness in German speaking prekchibdren

struggle to acquire PA skills. This supports earftudies which found no differences in
children with CI and normal-hearing children [28]hree aspects might have contributed
positively to that result. Firstly, his Cls weré&dd during his first year of life, i.e. at a young
age. Previous research has demonstrated that saplntation impacts positively on
children’s speech and language development [293ori@H#y, M1 showed age appropriate
speech and language skills, providing a good Hasithe acquisition of metalinguistic skills.
Thirdly, he had received extensive interventionnfr@an early age, focusing on speech
perception and production. Many speech perceptmahdiscrimination tasks would require
the identification of onsets/sounds of different égrHence, his good scores might be a
result of intensive speech sound training duringesp and language therapy. Despite his
good results on three of the four phoneme tasksidreficantly struggled on the Phoneme-
blending-output task. In this subtest no pictures provided and therefore the auditory
stimulus must be kept in short term memory in otdesuccessfully complete the task (e.qg.
the child hears the stimulus word /z-a-l-a:-t/ da to blend the single sounds to the word
/zala:t/, <Salat>, i.e. <lettuce>). One explanafienM1’s poor performance might be short-
term memory difficulties. However, since no she@m memory task was included in the test
battery, this assumption could not be confirmede @iscrepancy between input and output
shows that test design can considerably impactfopefformance. Moreover, it is important
to account for memory load and to differentiatentse&tn subtests that require a verbal versus
nonverbal response.

M2 showed a more mixed profile than M1. He scorethiw normal range on the Rhyme-
identification-input task but struggled with the yRme-production-output task. This task
requires children to produce rhyme words matchigggdrovided stimulus word. As pictures
are presented, this reduces the working memorydoadpotential working memory problems
could not be assumed for M2. In addition, he penfedt well on the Phoneme-blending-output

task (the task without pictures), assuming thatingl a word in his short-term memory to
9
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complete a task was not a problem for him. Howethex,rhyme output task not only tests
rhyme production skills but also includes lexicafrieval. Although children are allowed to
produce both words and pseudowords (e.g. “what dsymith fish?” — correct answers may
be: “gish, wish, lish”), children with a large, welrganized lexicon might have an advantage
in comparison to children with vocabulary deficit]l2 showed impaired expressive
vocabulary skills which might have contributed b tpoor results on the expressive rhyme
task. This assumption is in line with research shgwhat vocabulary skills are closely linked
to PA performance [32-34].

F1's PA performance was consistently below ave@geall six PA subtests. Similar to M2,
her language deficits might have adversely infl@ehlcer outcomes. Moreover, it is assumed
that her distinct and persistent speech impairnte® significantly impacted on her PA
performance. This is in line with research focusomgchildren without hearing impairment
but with speech difficulties, which showed thatldren who displayed delayed or impaired
phonological processes are likely to show PA desfifl2, 35]. F1’s results also corroborate
the assumption that a combination of speech andugg®ydifficulties adversely affects PA
skills [36, 37].

In sum, the presented case examples reflect thabiay in PA performance that children
with Cl may display, even in a small population géan It also corroborates the view that
comprehensive PA profiles (i.e. a range of PA sstBjeare needed to identify strengths and
weaknesses within this complex metalinguistic sHidlsk demands must be considered and
both receptive and expressive PA subtests mustfleeetiitiated to establish a comprehensive
profile of PA skills. Results from M2 and F1 hawgported earlier research which suggests
that children with additional speech and languagfecs are likely to show PA deficits and,
consequently, are at higher risk for literacy diffties. However, group studies with
substantially more participants are needed to éuritivestigate PA skills in children with ClI

to confirm that co-morbid speech and language defimpact similarly on PA as has been
10
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shown in cohorts of children without hearing impaant.

Acknowledgements

The authors gratefully acknowledge Prof. Dr. mednérose Keilmann and Dr. Karl Lippert
for their assistance during the recruitment on leb& the Department for ENT and
Communication Disorders, Mainz, Germany. In addititney would like to thank the parents,

carers, and the children who took part in the mtdjer their support.

References
1. M. Schaarschmidt, Wenn Horgeréate nicht mehrehelDtsch Arztebl 110 (2013) 36-40.
2. Destatis, Gesundheit: DRG-Statistik, Wiesba&@atistisches Bundesamt, 2017.

3. ML.Tait, DE. Raeve & TP. Nikolopoulos, Deaf amtn with cochlear implants before
the age of 1 year. Comparison of preverbal comnatioic with normally hearing

children. Int J Pediatr Otorhinolaryngol 71 (20QB805-1611.

4. L. Colletti, Long-term follow-up of infants (4t1months) fitted with cochlear implants.

Acta Otolaryngol 129 (2009) 361-366.

5.  MC. Caselli, P. Rinaldi, C. Varuzza, A. Giulia&i S. Burdo, Cochlear implant in the
second year of life: Lexical and grammatical outeand Speech Lang Hear Res 55

(2012) 382-394.

6. B. Schramm, A. Bohnert & A. Keilmann, The pretat development in children
implanted by 16 months compared with normal heamhgdren. Int J Pediatr

Otorhinolaryngol 73 (2009) 1673-1681.

11



Running head: Phonological awareness in German speaking prekchibdren

7.

10.

11.

12.

13.

14.

15.

16.

B Schramm, A. Bohnert & A. Keilmann, Auditorpeech and language development in
young children with cochlear implants compared vakhldren with normal hearing.

Int J Pediatr Otorhinolaryngol 74 (2010) 812-8109.

JL. Metsala, Spoken word recognition in readiigpbled children. J Educ Psychol 89

(1997) 159-169.

JL. Metsala, The development of phonemic awa®rne reading-disabled children.

Applied Psycholinguistics 20 (1999) 149-158.

J. Stackhouse & B. Wells, Children’s Speech aitgracy Difficulties 1: A

Psycholinguistic Framework. London, Whurr Publishé997.

BC. McNeill, GT. Gillon & B. Dodd, Phonologicawareness and early reading
development in childhood apraxia of speech (CAS8). EDisord Commun 44 (2009)

175-192.

S. Leitao, JH. Hogben & JM. Fletcher, Phonalabjiprocessing skills in speech and

language impaired children. Br J Disord Commun139{) 73-93.

S. Bouton, W. Serniclaes, J. Bertoncin & P.éCderception of speech features by
French-speaking children with cochlear implantSpé&ech Lang Hear Res 55 (2012)

139-153.

SB. Chin & CL. Kaiser, Measurement of articiatin paediatric users of cochlea

implants. The Wolta Review 102 (2000) 145-156.

A. Caldwell & S. Nittrouer, Speech perception noise by children with cochlear

implants. J Speech Lang Hear Res 56 (2013) 13-30.

RF. Holt, JBeer, WG. Kronenberger, DB. Pisoni & K. Lalond&ntribution of family
environment to paediatric cochlear implant usepgesh and language outcomes:
Some preliminary findings. J Speech Lang Hear Re612) 848-864.

12



Running head: Phonological awareness in German speaking prekchibdren

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

D. James, KRajput, T. Brown, T. Sirimanna. J. Brinton & U. Gasmi, Phonological
awareness in deaf children who use cochlear imglaht Speech Lang Hear Res 48

(2005) 1511-1528.

G. Szagun & B. Stumper, Age or Experience? [hflaence of age at implantation and
social and linguistic environment on language dgwelent in children with cochlear

implants. J Speech Lang Hear Res 55 (2012) 1640-165
R. Chilla, Der Gottinger Kindersprachtest. HNO(2976) 343-346.

PJ. Tellegen, JA. Laros & F. Petermann, SON-R227: Non-Verbaler Intelligenztest.
Goéttingen, Hogrefe, 2007.

M. Vock, Dt. Standardisierung von P. J. Tellegd. Tellegen, J., A. Laros & F.
Petermann. Non-verbaler Intelligenztest (SON-R ).2-Mitarbeit von Nina
Janke, Norbert Karpinoki und Anja Renziehausest@sprechung). Diagnostica,
54 (2007) (2), 112-115.

AV. Fox, TROG-D (Test for Reception of Gramm&eutsch). Idstein, Schulz-Kirchner,

2006.

AV. Fox, PLAKSS - Psycholinguistische Analysmdticher Sprechstérungen, ed 3,

Frankfurt, Harcourt - Test Services, 2005.

CW. Gluck, Wortschatz- und Wortfindungstest@tibis 10-Jahrige. Miinchen, Urban &

Fischer Verlag/Elsevier GmbH, 2011.

C. Kiese-Himmel, AWST-R - Aktiver Wortschatteir 3- bis 5-jahrige Kinder.

Gottingen, Hogrefe, 2005.

S. Fricke & B. Schaefer, Test fur PhonologisBesvusstheitsfahigkeiten (TPB), ed 2,

revised ldstein, Schulz Kirchner Verlag, 2011.

13



Running head: Phonological awareness in German speaking prekchibdren

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

B. Schaefer, S. iEke, M. Szczerbinski, AV. Fox-Boyer, J. StackhoueB. Wells,
Development of a test battery for assessing phom@bg@wareness in German-

speaking children. Clin Linguist Phon 23 (2009) 84

WT. Tse & LK. So, Phonological awareness of tGaese-speaking pre-school children

with cochlear implants. Int J Speech Lang Pathg|l2D4.2) 73-83.

CJ. Johnson, JH. Beitchman, EB. Brownlie, Tysamar follow-up of children with and
without speech-language impairments: Family, edoigal, occupational, and quality
of life outcomes. Am J Speech Lang Pathol 19 (208051-65.

M. Ahrlich, Optimierung und Evaluation des Qidarger Satztests mit weiblicher
Sprecherin  und Untersuchung des Effekts des Serechauf die
Sprachverstandlichkeit. Bachelorarbeit, Univetsdilenburg, September 2013.

K. Wagener & S. Hochmuth S., M. Ahrlich, Mokoll & B. Kollmeier, Der weibliche
Oldenburger Satztest. 17. DGA Jahrestagung, Oldgnt2.3.-15.3.2014.

SE. Ambrose, ME. Fey & LS. Eisenberg, Phonalaligawareness and print knowledge
of preschool children with cochlear implants. J&jpelLang Hear Res 55 (2012) 811-

823.

M. Silven, P. Niemi & MJM. Voeten, Do matermaleraction and early language predict
phonological awareness in 3-to 4-year-olds? Cognibevelopment 17 (2002) 1133-

1155.

S. Rvachew & M. Grawburg, Correlates of phogmlal awareness in preschoolers with

speech sound disorders. J Speech Lang Hear R29@6) (74-88.

PE. Webster, A. Solomon Plante & LM. CouvillioRhonologic impairment and

prereading: Update on a longitudinal study. J Lé2isabil 30 (1997) 365-366.

S. Leitao & JM. Fletcher, Literacy outcomesdgtrdents with speech impairment: Long-

term follow-up. Eur J Disord Commun 39 (2004) 2462
14



Running head: Phonological awareness in German speaking prekchibdren

37.

L. Nathan, Btackhouse, N. Goulandris & MJ. Snowlinghe development of early
literacy skills among children with speech diffices: A test of the "Critical Age
Hypothesis". J Speech Lang Hear Res 47 (2004)3%17-

15



