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Rapportering for 2015 vedragrende aftale mellem AMGROS,
Danske Regioner og DELTA Teknisk-Audiologisk Laboratorium —
TAL

Dette dokument udger afrapportering for kalenderaret 2015 vedrgrende aftale indgaet mellem AMGROS,
Danske Regioner og DELTA Teknisk-Audiologisk Laboratorium — TAL om teknisk konsulentbistand til
hgreomsorgen.

Det fremgar af aftalen, at der arligt skal indsendes en rapport, som dokumentation for arbejde der er udfort
i henhold til aftalen i det forgangne ar. DELTA’s nuveerende rolle som konsulent for hgreomsorgen tradte i
kraft som en del af den aftale, Regionerne i 2007 valgte at indgd med AMGROS om udbud og indkgb af
hgreapparater til de offentlige hareklinikker. Aftalen med AMGROS er en viderefarelse af DELTA’s
mangearige virke som konsulent for hgreomsorgen, der tidligere har veeret finansieret over Finansloven.

Ud over konsulentbistand til hareomsorgen udfagrer DELTA arbejde for hareapparatindustrien, primeert i
form af produktafprgvning og dokumentation i forbindelse med homologering og CE-maerkning af
hgreapparater. Endelig forestar DELTA en certificeringsordning for Sundheds- og ZAldreministeriet
vedrgrende godkendelse af private leverandgrer af hgreapparater.

Indhold

Denne rapport bestar af en kort opsummering af aktiviteter hos DELTA, TAL der helt eller delvist
finansieres gennem aftalen mellem AMGROS, Danske Regioner og DELTA. Hovedmediet for
kommunikation af DELTA’s opgaver indenfor teknisk audiologi er www.audiologi.dk, hvor alle nye rapporter
mv. leegges ud og kan sgges. Derfor bestar denne rapport kun af et resume af de vigtigste aktiviteter i aret
der gik, et regnskab, kopier af arets to e-nyhedsbreve, samt artikel fra DELTA’s poster pa ISAAR 2015.

Carsten Daugaard fra DELTA i gang med et oplaeg pa SDU-dagen.
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Teknisk Audiologi i1 2015

DELTA’s arbejde for AMGROS i 2015 har i vid udstraekning veeret viderefgrelse af DELTA’s
arbejdsopgaver fra arene far. Saledes har en stor del af arbejdet veeret udfart indenfor omrader som
teknisk/kliniske undersggelser, undervisning og standardisering. Ekstraordineert for 2015 har veeret
deltagelse i arbejdsgruppen for fremtidens hgrerehabliltering i Danmark, som bla. preesenterede deres
arbejde pad en konference péa Christiansborg og efterfalgende har affadt det af Innovationsfonden stgttede
forskningsprojekt BEAR- Better Hearing rehabilitation, som ogsa har deltagelse af DELTA.

Mange af aktiviteterne i 2015 beerer preeg af det teette samarbejde med SDU og iszer
audiologiuddannelsen. Et samarbejde der bade gaelder afvikling og udvikling af undervisningen i teknisk
audiologi, teknisk udstyr og gvelser, samt praktikvejledning og vejledning af projekter. Et samarbede der
som en vigtig sidegevinst ogsa giver anledning til at aktivere DELTA’s store netvaerk i industrien, blandt
andre uddannelsesinstitutioner, private og offentlige hareklinikker og hgreinstitutter/kommuner.

| lgbet af aret er en reekke specialer og bachelorprojekter blevet afviklet i samarbejde med DELTA til gavn
for uddannelsen, de studerende og hgreomsorgen gennem den nye viden projekterne kan bidrage med.
Fremdriftsreformen pa uddannelsesomradet har og vil fremover pavirke dette samarbejde idet der er en
starre periodisering af projektarbejdet til foraret og en kortere tidsfrist til gennemfarelse af projekterne.
Blandt andet som et forsgg pa at komme hurtigt i gang med specialet valgte en gruppe studerende at
afholdt deres praktikforlab pa DELTA, hvilket gav mulighed for at arbejde med kalibreringsmalinger pa
audiometriudstyr, nyt udstyr til vurdering af rumakustik samt lydbeskrivende ord og lyttetreening. Emner
som ogsa beaeres videre i de studerendes specialer i foraret 2016.

DELTA'’s arbejde for uddannelse i branchen er ikke begreenset til SDU, ogsa pa Audiologiassistenternes
uddannelse péa syddansk Erhvervsskole er DELTA fortsat repraesenteret i den “ordingere” undervisning
savel som pa de AMU kurser som blev afviklet for 2. gang i 2015, og fortsaetter i 2016. Efterspgrgslen efter
DELTA som vidensformidler er i det hele taget stor, og 2015 vidner om en reekke andre engagementer om
afvikling af taleaudiometri, stgj og haretab, verifikation af hareapparattilpasning(real ear malinger) samt en
stand i samarbejde med Dansk Akustisk Selskab pa den internationale "noise Awareness day”, 29. april.

Midlerne i 2015 rakte ogsa til en del tekniske malinger foretaget af DELTA’s egne medarbejdere i
laboratoriet i Odense eller ude i felten. Saledes blev der malt pa seks teleslyngeinstallationer pa
Sydsjeelland, som efterfglgende farte til udarbejdelsen af en kort "brugervejledning” i kontrol af opstillede
teleslynge installationer baseret pa IEC 60118-4 standarden og de erfaringer DELTA har gjort med disse
malinger. Ogsa en rapport over output fra de noget mindre teleslynger i forsteerkertelefoner blev
offentliggjort i 2015. Lebende har DELTA foretaget malinger pa hareapparatbatterier for at undersgge om
disse overholder de specifikationer der er givet i Amgros aftalen, hvilket indtil videre har veeret tilfeeldet.

HearVal programmet, udviklet af DELTA, som afvikler Dantale Il taletesten, har faet en opdatering, s&dan
at det nu blandt andet kan afvikles i stereo, kalibreres nemmere og male to punkter pa S-kurven og dermed
bestemme bade haeldning og SRT. Version 1,5 til evaluering er tilgaengelig ved henvendelse til DELTA,
TAL. Et par andre lyd-preesentations produkter med DELTA involvering sa ogsa dagens lys: en powerpoint
baseret afvikler af Linglyde, baseret pa Joachim Fruerlunds speciale, en Stgj app(stej til Cl treening) fra
Materialecenteret baseret pa DELTAs cd samt farste udkast til en ny samling af hverdags og dyrelyde til
bgrneaudiometri.

Indenfor standardisering var der stor aktivitet i labet af aret. IEC 60601-2-66 standarden om hgreapparater
og sikkerhed blev feerdiggjort, ligesom der blev holdt IEC/TC43/WG13(Hearing Aids) made, S259
plenarmgde, og TC29 plenarmgde med deltagelse af Gert Ravn fra DELTA.
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Der blev i 2015 afsluttet otte SDU projekter med DELTA som vejleder. Projekterne var fem specialer og tre
bachelorprojekter. Temaet for fire af projekterne var taleaudiometri, to handlede om Meniere og de sidste to
om sa forskellige emner som Cl behandling af ensidige haretab og kalibrering af ASSR/AABR udstyr.

Ogsa networking blev praktiseret en del i 2015. For tredje ar i treek afholdt DELTA en paent besggt SDU
dag hvor studerende fik mulighed for at fremlaegge deres projekter for en gruppe tilhgrere. Desuden var
DELTA veert for et par Ph.d.-kaffe arrangementer som har samlet Ph.d. studerende med emner der falder
indenfor teknisk audiologi til en lille erfaringsudveksling omkring deres projekter og livet som Ph.d.
studerende.

B&K maleforsteerker i maleopstilling pd DELTA
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e- nyhedsbrev nr.14

| det efterfalgende er indholdet af nyhedsbrev nr. 14 fra maj 2015 gengivet.

Indrapportering fra private hgreklinikker

DELTA Teknisk-Audiologisk Laboratorium(TAL) er af Sundhedsstyrelsen udpeget til at varetage
godkendelsesordningen af private hareklinikker. GTS-instituttet DELTA er akkrediteret i henhold til DS/EN
ISO/IEC 17025:2005 til pragvning efter det audiologiske omrade af DANAK, den danske akkrediteringsfond.

Pa baggrund af denne godkendelse laver DELTA en opgarelse over blandt andet antallet af udleverede
hgreapparater og de returnerede besvarelser fra I0I-HA spargeskemaet. Desuden forestar DELTA
vurderinger af udenlandske uddannelser inden for omradet audiologi med reference til Styrelsen for
Videregaende Uddannelser. Den seneste rapport for kalenderaret 2014 er netop udkommet og kan ses her
[http://audiologi.dk/wp-content/uploads/2015/05/Rapport. MSF_2014_HA_Kilinik_web.pdf]

SDU-dag 29. maj 2015

Den 29. maj vil der pa DELTA i Odense vaere mulighed for at hare SDU studerende praesentere nogle af
deres projekter relateret til teknisk audiologi. Ideen med dagen er, at de studerende far lejlighed til at gve
sig i formidling, samtidig med at det giver et indblik i de aktiviteter som rar sig pA SDU. Laes mere om
dagen her [http://audiologi.dk/forside/professionelle/sdu-dag/]

Fremtidens teknologi

Som led i DELTA's rolle som GTS-institut under Uddannelses- og Forskningsministeriet, definereres lige
nu en reekke indsatsomrader, som skal indga i DELTA's Resultatkontrakt for de kommende 3 ar. Dit input
er i den forbindelse afgerende for os: Vi gnsker at iveerksaette aktiviteter med afseet i de behov og
udfordringer, som industri og samfund star over for.

Resultatkontrakten skal sikre, at vi i samarbejde med virksomheder, partnere og universiteter i ind- og
udland sikrer Danmark de bedste vidensmaessige og teknologiske kompetencer for fremtidige udfordringer.

Du kan pa dette link leese DELTA's forslag til indsatsomrader — jeg haber, du vil leegge en kommentar,
statte op om vores idéer eller give forslag til forbedringer: [http://www.bedreinnovation.dk/institut/ DELTA]

Ny Horeapparatkobler der maler op til 16 kHz

d
/ e lh Nye transducer typer gor det muligt at lave
7> ] hareapparater med forsteerkning i det hgjfrekvente
a j o omrade op til 16 kHz. Hvis denne skal males og
N dokumenteres giver det nogle nye udfordringer,
- idet de kunstige grer (koblere) der normalt

anvendes ikke fungerer néar frekvensen overstiger
10-11 kHz.

Den Internationale Elektrotekniske Commite’s
(IEC) arbejdsgruppe for hgreapparater arbejder
derfor med udvikling af en ny type kunstigt gre,
som kan benyttes i det hgjfrekvente omrade. Jret
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er udformet som et 0,4 kubikcentimeter hulrum. Det er vaesentligt mindre end det 2 kubikcentimeter hulrum
som er den hidtidige standard.

Det mindre volumen ggr at interne resonanser i kobleren flytter hgjere op, s& den kan benyttes til malinger i
det hgjfrekvente omrade. Det mindre volumen medfarer dog ogsa at det malte output bliver 14 dB starre
end i en 2 kubikcentimeter kobler, og dermed bliver vaesentligt starre end det reelle lydtryk malt i et
almindeligt are — det skal man huske at korrigere for, hvis den nye kobler benyttes til voksne i kliniske
sammenheange.

Den nye IEC TS 62886: "Hearing aids — Method for measuring electroacoustic performance up to 16 kHz"
forventes udgivet inden udgangen af 2015.

e- nyhedsbrev nr.15

| det efterfalgende er indholdet af nyhedsbrev nr. 15 fra September 2015 gengivet.

Fremtidens hgrerehabilitering

Pa en konference den 30. september lanceres et visionsoplaeg om fremtidens harerehabilitering.
Konferencen afholdes i Feellessalen pa Christiansborg kl. 8.30-16.30 onsdag den 30. september 2015 (se
mere her) [http://audiologi.dk/fremtidens-hoererehabilitering/]

Visionsopleegget rummer en raekke anbefalinger til fremme af fremtidens hererehabilitering, som
arbejdsgruppen vil praesentere pa konferencen. Anbefalingerne er formuleret pa baggrund af falgende
overordnede malsaetninger for fremtidens harerehabilitering:

* At den danske hgrerehabilitering bliver verdens bedste

« At borgerne nemt og hurtigt far adgang til den teknologi, der matcher den enkeltes behov (ventetid pa
maks. 8 uger)

* At borgerne tilbydes ensartet behandlingskvalitet i hele Danmark
» At Danmark bliver foregangsland inden for forskning i haretab
* At det danske udbudssystem befordrer innovation og udvikling

Arbejdsgruppen bag opleegget er sammensat af repraesentanter for universiteter, brugerorganisationer og
industrien.

Hent program for dagen her [http://audiologi.dk/wp-content/uploads/2015/08/150826_Program-for-
konference-vedr.-officiel-lancering-af-visionsopleeg-for-fremtidens-hgrerehabilitering.doc]

Tilmelding skal ske til Bo Bredsgaard Lund, direktar i MSLGROUP, pa vegne af arbejdsgruppen pa

Bo.Bredsgaard-Lund@mslgroup.com senest onsdag den 23. september 2015. Tilmelding er gratis, men
bindende.

Kurser i januar

DELTA afholder igen kurser i teknisk audiologi til januar 2016. De tre kurser er en blanding af tidligere
afholdte kurser med opdateret materiale og et nyt kursus med fokus pa hgreapparat tilpasning og
verifikation i praksis. Et hutigt overblik over kurserne fas her:

Introduktion til teknisk audiologi, Tirsdag d. 19. januar 2016.
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Kurset gennemgar grundlaeggende begreber indenfor akustik og teknisk audiologi, samt understreger
vigtigheden af disse med praktiske demonstrationer. Kurset forudsaetter intet forhandskendskab til teknisk
audiologi.

Introduktion til hgreapparater, Onsdag d. 20. januar 2016

Kurset beskriver funktionaliteten af moderne avancerede hgreapparater, ud fra principperne bag de
vigtigste features, grepropper og abne fittings som en del af tilpasningen samt tekniske malinger pa det
enkelte hgreapparat. Kurset forudseetter et mindre forhandskendskab til akustik og hgreapparatets
opbygning. (f.eks. opnéet pa kurset "Introduktion til teknisk audiologi")

Hareapparattilpasning og verifikation, Torsdag d. 21. januar 2016

Kurset gennemgar teorien bag tilpasningsrationaler, og preesenterer fysiske parametre, som kan afvige fra
tilpasningsskaermen og virkeligheden. Forskellige mal for verifikation og kontrol af tilpasning og
hgreapparatudbytte gennemgas. Kurset henvender sig til professionelle, som beskaeftiger sig med
hgreapparattilpasning, og forudsaetter kendskab til hgreapparater og haretab.

Laes meget mere om kurserne her [http://audiologi.dk/forside/professionelle/kurser-og-undervisning/]
Test af HAC telefoner

DELTA kan nu preesentere en rapport over data for output fra en raekke HAC telefoner (ogsé kaldet
forsteerkertelefoner) pa det danske marked. Rapporten viser akustisk og magnetisk output malt bade med
det traditionelle tonesweep og med et tale signal (ISTS). Rapporten kan hentes her [http://audiologi.dk/wp-
content/uploads/2015/09/HAC-rapport-CVJ-JGe-.pdf]

Artikel om hgretraning

Pa det nyligt overstdede ISAAR symposium praesenterede DELTA sammen med Anna Leth Kristiansen,
nyligt uddannet audiolog fra SDU, en poster om resultatet af en gruppe hareapparatbrugeres haretraening.
Konklusionen blev at for nogle brugere kan hgretraening maske hjaelpe pa taleforstaeligheden. Far- og
efter tests af taleforstaelighed og forskellige kognitive tests viser, for en dels vedkommende, ogsa
forbedringer i kognitive tests som falge af traeningen. Lees artiklen til ISAAR preceedings her
[http://audiologi.dk/wp-content/uploads/2015/09/P8-ISAAR_2015_Evaluating-Auditory-training-daugaard-
030915.pdf]
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Artikel fra ISAAR 2015 Preceedings

Evaluating outcome of auditory training

ANNA LETH KRISTIANSEN'' AND CARSTEN DAUGAARD?
" Widex, Nymellevej 6, DK-3540 Lynge, Denmark
2 DELTA Technical-Audiological Laboratory, Edisonvej 24, DK-5000 Odense C, Denmark

Various articles suggest that better speech understanding can be obtained by auditory training. Auditory
training typically consists of training speech perception in varying background noise levels or with
degraded speech signals. Recently a Danish material for auditory training has been developed. This
material consists of music training examples as well as speech training exercises. The rationale behind
adding music training is variation in exercises as well as calling attention to details in auditory
perception that could be valuable in speech perception as well as in hearing aid fitting. The results
presented in this poster originate from examination of the benefits this material can provide on speech
perception. Results from the investigation show an average benefit of auditory training, but with a large
interpersonal variation, suggesting that a pre- selection of the individuals better suited for auditory
training is needed. A battery of cognitive tests has been applied pre- and post-training, results from
these tests are presented and discussed, in order to determine if there is correlation between cognition
in general, improvement in cognition by auditory training, and obtaining better speech understanding by
auditory training.

HISTORY OF AUDITORY TRAINING

Auditory training links naturally to hearing rehabilitation. The attention to the field grew in the USA
around world war 2, where better diagnostic capabilities and means of rehabilitation of hearing
casualties from military service was severely needed. Skills such as lip-reading and “listening practice”
would accompany the prescription of hearing aids to minimize the perceived handicap of the hearing
loss. As hearing aids were improved during the eighties the auditory training as a unique part of the
rehabilitation disappeared. In the late nineties, however, auditory training in the USA had a revival
based on computer controlled learning programs and new scientific results.

The basic concept, which makes the training of hearing possible, is the auditory plasticity; reorganizing
neural connections in the brain on the basis of input - and behavioral changes (Musiek, 2002). The
argument is that a ski-sloping hearing loss for example, deprives the stimulation of sound at high
frequencies thus causing the neurons to reorganize based on a bass dominated input. Restoring the
treble by means of a hearing aid, will not find the right path in the brain until the connections regarding
treble input are restored. Training might improve the speed of these changes.

COGNITION AND HEARING

Sweetow and Sabes have introduced a hierarchical communication model illustrating the build -up of
acoustical communication from access to sound up to deriving meaningful information through the
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Artikel fra ISAAR 2015 Preceedings

communication. The model shown below is a slightly modified version of the original. (Sweetow and
Sabes 2004)

Hearing
Access to acoustic information

\

Listening
Music Hearing with attention and
training intention

\

Comprehension
Correct interpretation of
acoustic/linguistic information

Speech
training . Communication
Effective use and transmission

of information

Fig. 1: Hierarchical model of communication form Sweetow and Sabes
2004. Modified with indications of proposed entrance levels for
speech and music training. (Kristensen 2013).

Taking this hierarchy into account, it is fair to propose that auditory training with speech signals aims at
promoting the understanding at the higher levels in the hierarchy, while music training could be
introduced as a way to sharpen the attention of details in the sound signal, as well as a break from
speech perception tasks.

It could also be argued that the music training helps to establish connections between listening cues and
words describing them, thus enhancing the ability to describe the performance of the hearing aid. This
could help in the process of the best possible adjustment of the hearing aid.

In 2007 the Auditory Cognitive Neuroscience Society was founded acknowledging the need for more
multidisciplinary research in cognition and hearing. Cognition represents the mental processes and skills
of requiring knowledge. The most prominent cognitive functions are: Memory (including working
memory), attention, executive functions (self-regulating functions), language functions and floating
memory (the genetic preconditions for learning)(Banich, 2004). In acoustical communication these
functions enhance our ability to extract the meaning of an acoustical signal in complex listening
situations, and thus play an important role in speech perception, as indicated in the figure above.
Despite the research in the area so far a clear identification of the cognitive functions most relevant for
listening in complex situation has not yet been revealed. (Arlinger et al. 2009)

TRAINING MATERIAL

The training material used for this project is based upon a Danish training material designed with speech
perception tasks, and music listening tasks. The speech part of the material is based upon the Danish
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DAT speech material. The user task is to identify the two last words of a sentence in the noise of one or
two competing sentences. In the user screen it is possible to vary the signal to noise ratio from - 10 to +
10 dB. A few speech tests with variable speech speed are also found in the material. In the music tasks
the user is presented for original as well as degraded music. The user must range the music pieces as
more or less degraded (distortion, vibration and tone) (Kristensen 2010). In the original training
material, the idea of the music listening tasks were to introduce the user for expressions describing
sound, in this project the music tasks are only used for variation.

The training material is presented in power point which eases the access to systems it can run on, but
limits the user interaction considerably. Based upon the feedback from the participants in this project it
can be concluded to be problematic that only very limited feedback can be given to the user, and that it
is impossible to adaptively adjust the difficulty for the user.

TEST SET-UP

The current project has investigated if auditory training of hearing aid users has any effect on speech
intelligibility in noise, cognitive abilities, communication skills and degree of hearing handicap in
hearing aid users.

Furthermore, it is investigated whether some people benefit more from the auditory training than others
do and if so, which factors and personal characteristics can be used to identify those individuals most
likely to benefit from auditory training.

To evaluate the effect of the auditory training program, a quantitative experimental study was
performed. A participant group of 15 hearing aid users aged 55-81 years was selected to train with the
program for two months. Their hearing loss had an average PTA of 55 dB HL varying from 5 dB HL to 95
dB HL. Their Discrimination score was on average 74% varying from 100 %. to 32 %. The inclusion criteria
were somewhat loose, as the focus was to recruit as many participants as possible willing to do the
training for two months. By coincidence all participants wore different hearing aids. The hearing aids
worn by the participants were coincidentally all different newer products from the leading European
manufactures.

Prior to and after the period of training the participant group was presented with a test battery to assess
the benefit of the exercises. The test battery consists of both objective and subjective test in areas
where improvement due to the auditory training could be expected. Only off-task tests were selected to
reveal a more general effect of the training rather than a learning effect.

Cognitive test Test The measured cognitive
modality ability

Visual Forward Digital Visual Working memory

span test

Jaeggi-Bushkuehl dual n- | Audio visual | Working memory and

back task floating intelligence

Fast counting test Visual Visual perception

Go/no-Go Auditory Auditory Auditory attention and

Reaction time test processing efficiency

Eriksen Flanker test Visual Information processing and

selective attention

Table 1: Overview of the selected cognitive tests, their modality and
which cognitive ability they measure.
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The test battery consisted of the two speech in noise tests; Dantale Il and Just Follow Conversation, five
cognitive tests and two subjective tests; the NSH questionnaire and the Hearing Handicap Inventory for
the Elderly (HHIE).

The choice of cognitive tests for this project was not straight forward. First of all the tests had to be in
Danish, it should not require skilled personnel (psychologist or equivalent) to perform them, and they
should be available at a reasonable price. The cognitive tests in this project were selected from a
website (www.cognitivefun.com) which contains a large collection of cognitive tests, testing different
functions of cognition. Here it was possible to choose five different tests each focusing on different
abilities. The chosen cognitive tests, their test modalities and the cognitive skills tested in each test,
are shown in the table here.

RESULTS

The results from the pre- and post- speech tests have been summarized in the following graphs showing
the difference score for each participant. Bars above the horizontal line indicates improvement from the

Just Follow Conversation

ri | B

S 2 £ % = © 1 EY A0 D 2 N A5 N =

ASRTx (dB)
HORNGOAOONDO
| —

Participant (n)

m—— POst-test e Pre-test

Fig. 2: Improvement pr. participant and in average (isolated at the
right), measured by Just follow conversation (JFC) speech test.

training, bars below the line indicates, that the participant did worse in the post-test. The bar isolated
at the right is the average.

The graph for Dantale Il shows an improvement for roughly half of the participants, and a small set-back

Dantale II

A SRTx(dB)

WNHORNWAOOAN®

Participanter (n) <

BN Post-test

Pre-test

Fig. 3: Improvement pr. participant and in average (isolated at the
right), measured by DANTALE Il (Hagermann) Speech test.

or no improvement for the other half. In the just follow conversation case, all improved or did at least
as good in the post-test as in the pre-test. The improvement is significant for JFC (P<0.05 Paired T-test
P=0.001) but not for Dantale Il (P<0.05 Paired T-test P=0.051). A fair correlation of the improvement in
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Eriksen Flanker Test (Congruent)

-59.68

PO0000

= .=

00000

" - . . - > = o o ™ <
~ v > ~ > < = R - N
Participant (n) <

Em Post-test —===Pre-test

Go/No-go Auditory Reaction Time test

I I I S87.51 ms

x| I I 11 . n l_
o

e e e e A e e e -

~ ~ < S
> 2 > < s

Participant (n)

EE—— Post-test

Pre-test

Fig.5: Improvement pr. participant and in average (isolated at the right),
measured by two of the cognitive tests. These figures were selected for
this article as the correlation analysis indicates that improvement in these
cognitive tests correlate with severity of hearing loss and Dantale Il score.

the two tests for the participants is seen. This indicates improved speech perception for some of the
participants, however the test-retest variation of the Dantale Il test might be too high to track the small
improvements.

The graphs for the difference between the pre- and post- answers from the two questionnaires are
shown in figure 4. In the NSH questionnaire a majority of participants indicate very little effect from the
training. No significant improvement could be found. (P<0.05 Paired T-test P=0.255). The HHIE shows a
significant average improvement (P<0.05 Paired T-test P=0.019). Further analysis reveals that
improvement primarily origins from situational rather than emotional questions of the HHIE.

Graphs representing the cognitive tests are shown below. Both tests show steady or improved
performance for the majority of participants.

Looking at the general results from the test battery, an improvement due to auditory training seems to
be plausible. The improvement is most clearly visible in the just follow conversation speech test, in the
situational questions of the HHIE and in some of the cognitive tests. From the tests it is also clear that
some participants seem to benefit more from the training than others, with different participants
showing improvement in different tests. Thus it is difficult to find a clear pattern of which participants
in general improved in the tasks trained in the test battery. A hint to which factors and personal
characteristics can be used to identify those individuals can be derived from a correlation analysis
(Pearsons correlation coefficient). Table 2 presents a matrix of the Pearson corrrelation of the
improvement of variables with demographic factors and pretest scores. It indicates that tone loss and
years with hearing loss correlate with improvement in the go/no go auditory test. As the go/no go
auditory test is testing auditory attention and procession efficacy it is fair to speculate that people with
larger and longer lasting hearing losses will benefit from the training because it sharpens their auditory
attention.
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The table also shows that discrimination score correlates with the congruent part of the Eriksen flanker
test. The cognitive ability tested in this test is information processing and selective attention which
again indicates that auditory training enhances attention and processing speed, and the more
pronounced hearing loss the more benefit.

It is also interesting to note that age and hours of training do not seem to influence the measured
benefit of the training. If the latter is true it calls for a much more adaptive approach to the training

Improvement in dependent variables (from pre to post test)

Go/No-go Eriksen Eriksen
Dantale JFC Auditory  Fast Flankertest Flankertest Jaeggi- Visual NSH Questio-
Il (SRTy) (SRTy) test Counting (Congurent) (Incongurent) Buschkuel digitspan narie HHIE

Age 0,31 8 -0,06 0,26 0,18 0,12 -0,14 0,35 0,18

Tone-loss -0,17 -0,19 Q -0,23 0,01 0,08 0,16 -0,1

Discrimination Score 0,08 0,2 @ 0,41 -0,18 0,09 0,08 0,17

Years with hearing loss 0,04 -0,1 -0,32 -0,31 -0,39 -0,18 0,08 0,09

Years with hearing aids -0,04 0,06 -0,12 0,09 -0,03 0,25 0,48 -0,28
° Hours of auditory training 0,38 0,11 =022 -0,15 -0,46 0,14 0,22 0,1
g Dantale Il (SRTy) -0,04 -0,37 m -0,42 -0,13 -0,04 0,13 -0,31
2 JFC(SRTy) -0,29 -0,36 -0,49 03 008  -0,35 0,16 -0,32
g Go/No-go Auditory test 0,16 -0,01 -0,31 -0,21 -0,07 -0,32 0,28
g Fast Counting 0,01 -0,45 -0,46 @ 016 016 028  -0,16
5 Eriksen Flanker test
= 0,11
[ (Congurent) -0,2 -0,06 -0,32 0,13 0,76*** 0,61** 0,21 -0,11 0,14
g Eriksen Flanker test 0.06
9 (Incongurent) -0,35 -0,16 -0,44 0,09 0.78*** 0,78*** ! 019 0,01 -0,09
£ Jaeggi-Buschkuel 018 -0,25 0,13 021 60 0 03 @@ 0,03
g, Visual digit span -0,21 -0,23 -0,09 -0,16 w -0,37 0,27 -0,47 0,01 -0,07
g NSH Questionarie -0,13 -0,29 -0,22 0,25 0,19 0,07 0,21 0,27 -0,49 -0,06
A HHIE 0,05 0,39 0,32 -0,07 -0,44 -0,35 0,1 -0,11 -0,35 0,36

Table 2: Pearsons correlation matrix between demographic data and pre-test
score of dependent variables with improvements of dependent variables. Blue
circles show significant correlations between variables. (Correlations between
pre-test score and improvement for the same variable are not highlighted)

than the current Danish training material at present can offer.

CONCLUSION

From the feedback from the participants it is clear, that the training material should have a more
adaptive difficulty level and should provide more feedback. Use of music tasks are a good variation of
the training.

From the questionnaires answered it seems that the training has only limited influence on the
participants’ perceived improvement from the training.

The results from this project indicate that auditory training can improve cognitive skills related to
speech understanding, and performance in speech tests. However, the benefit of the training varies
considerably among the participants. Correlation analysis hints that more severe, longer lasting hearing
losses undergo the biggest improvement in auditory attention and information processing ability from
the training.
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