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Rapportering for 2012 vedrgrende aftale mellem
AMGROS, Kommunernes Landsforening og DELTA
Teknisk-Audiologisk Laboratorium - TAL

Indevaerende rapport udger afrapportering for kalenderaret 2012 vedrarende aftale
indgaet mellem AMGROS, Kommunernes Landsforening og DELTA Teknisk-Audiologisk
Laboratorium - TAL om teknisk konsulentbistand til hareomsorgen.

Det fremgar af aftalen, at der arligt skal indsendes en rapport, som dokumentation for
arbejde der er udfert i henhold til aftalen i det forgangne ar. DELTAs nuvarende rolle
som konsulent for hareomsorgen tradte i kraft som en del af den aftale, kommunerne i
2007 valgte at indga med AMGROS om udbud og indkeb af hgreapparater til de
offentlige hereklinikker. Aftalen med AMGROS er en viderefgrelse af DELTAs
mangearige virke som konsulent for hgreomsorgen, der tidligere har vaeret finansieret
fra anden side.

Ud over konsulentbistand til hareomsorgen udfgrer DELTA arbejde for
hareapparatindustrien, primaert i form af produktafprgvning og -dokumentation i
forbindelse med homologering og CE-maerkning af hgreapparater. Endelig forestar
DELTA en certificeringsordning for Ministeriet for Sundhed og Forebyggelse vedrerende
godkendelse af private leveranderer af hereapparater.
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Teknisk Audiologi i 2012

| lighed med de foregaende ar bestar arsrapporten for 2012 af en kort opsummering af
arets aktiviteter, en artikel om taleforstaelighedsmalinger, repraesentativ for de
aktiviteter der foregar i aftalens regi, samt en udskrift af arets elektronisk udsendte
nyhedsbreve. Dette format er valgt for at reflektere det faktum at det primaere medie for
skriftlig kommunikation fra DELTA- Teknisk-Audiologisk Laboratorium er internettet,
centreret om hjemmesiden www.audiologi.dk, hvor relevant teknisk viden publiceres.

2012 var aret hvor der for alvor kom politisk fokus pa omradet. En kuglegravningsrapport
med en del kommentarer til organisationen, isar den private del af omradet blev
anledningen til et lovforslag om flytning af hareapparatomradet til Regionerne, samt
nedsaettelse af hereapparat-tilskuddet ved valg af privat leverander. Disse tiltag
mobiliserede mange interessenter, hvilket ogsa involverede DELTA, som central aktgr pa
omradet. Der har vaeret stor efterspargsel efter DELTAs objektive viden i form af
rapporter over spgrgeskema udsendelser, og DELTAs generelle viden om omradet, som
aktgrer i en arbejdsgruppe under sundhedsstyrelsen der skal revurdere de faglige kriterier
for hgreapparatbehandling.

Forrige ar blev audiologi.dk opdateret med den ambition at ggre det til et forum for
teknisk audiologi. Men trods gode intentioner og etableringen af et forum, samt mulighed
for kommentarer af publicerede dokumenter, ma det konstateres at kommunikationen via
audiologi.dk primaert er envejs. Der har tilsyneladende ikke vaeret et behov for via nettet
at stille spargsmal eller uddybe den fremlagte viden. Heldigvis oplever DELTA i stedet
opmeerksomhed omkring aktiviteterne via personlig kontakt, telefon og mail. Som en
naturlig konsekvens af dette, vil det fremadrettede arbejde med internetsiden derfor
afspejle en ambition om at det bliver lettest muligt at finde relevant teknisk-audiologisk
viden i form af notater, prasentationer mm.

En af de vigtigste opgaver for DELTA i aftalen med AMGROS er at veere teknisk konsulent
ved hgreapparat-licitationen. Modellen for licitation har gennem en raekke forseg andret
sig fra et system hvor hareapparatfirmaernes tilbud groft sagt blev indsamlet med prisen
sat ud fra forventet salg, til nu at have meget fokus pa pris i forhold til ydelse pa
hgreapparater til bestemte hgretab. | praksis udmenter det sig ved etableringen af en
matrice hvor raekkerne beskriver overordnede hgretabs konfigurationer, og sgjlerne i
grove treek kommunikationsbehov. Hver celle udgar derefter en kategori, hvori der
beskrives naermere krav til kategorien. De 3-5 billigste apparater udbudt i hver kategori er
derefter resultatet af licitationen. Det er en meget vanskelig gvelse at kategorisere
hgreapparater, idet der er et komplekst sammenspil mellem mange forhold i valget af et
heoreapparat der ikke lader sig kategorisere i sa faste rammer. Pa den anden side er en
beskrivelse af krav til produkterne en forudsaetning for en udbudsrunde og dermed
forudsaetningen for at indkebe apparaterne til en fordelagtig pris. DELTA forsgger at
anvende sin ekspertise til at sikre et fornuftigt udvalg af kategorier, samt de bedst mulige
beskrivelser af kategorierne, og derved sikre et billigt men fornuftigt udvalg. DELTA vil
ogsa gerne hjaelpe med tiltag til evaluering af kvaliteten af hgreapparattilpasningen
baseret pa det nye sortiment.
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Som en fortsaettelse af de forrige ars engagement i undervisning har DELTA ogsa i 2012
haft stor undervisningsaktivitet pa fagomradet. Som sadvanligt pa Audiologiassistent og
audiologi-studiet pa SDU, men ogsa med kontakter til Kgbenhavns universitet, DTU og
andre institutioner med forskning og uddannelse i omradet audiologi. Ligeledes i en
fortsaettelse af engagementet i 2012 i stigende grad med andet end traditionel
tavleundervisning: gvelser, censor opgaver og planlaegning af uddannelserne, vejledning
pa projekter, samt deltagelse i udvikling af uddannelserne. DELTA tror pa at gode
uddannelser er basis for gget forsknings- og udviklingsaktivitet pa omradet, og med den
multidisciplinaere indsats en god hererehabilitering kraever, er det vigtigt at sgrge for at
alle faggrupper far en passende indsigt i andre faggruppers arbejdsomrader.

En direkte made at forene udvikling og uddannelse pa, er ved at tilbyde de studerende
specialeprojekter hvor nye ideer og metoder kan afpraves og udvikles. | det forgangne ar
har det resulteret i specialer om brugen af bekendte stemmer i taleaudiometri, om maling
af ”informational masking”, om undersggelse at kundernes opfattelse af forskellen
mellem private og offentlige klinikker, samt om maling af Real Ear to Coupler Difference.
De studerenes anstrengelser har udmentet sig i rapporter som kan lases pa audiologi.dk

Udvalgte projekter er suppleret med DELTAs egne undersggelser og blevet til posters,
indlaeg eller artikler. |1 2012 prydede to posters opslagstavlerne under AAA kongressen i
Boston, og et indlaeg om taleforstaelighed fandt vej til BNAM konferencen lokalt i Odense.
Endelig er DELTA medforfattere pa en artikel om psykosociale faktorers indflydelse pa
hgreapparat tilfredshed pa ”Audiology Online”. Der blev ogsa tid til egentlig
kursusaktivitet i 2012: Tre kursusdage med pan deltagelse og meget tilfredsstillende
evalueringer. Temadag om hgretekniske hjaelpemidler og afholdt indlaeg pa
hereforeningens frivilligdag og jubilaaums konference.

Standardisering var et nggleord for 2012. TC29/WG13 arbejdsgruppen, med DELTAs

Gert Ravn som convener kunne endelig saette det sidste flueben ved IEC60118-15
standarden om talebaserede malinger pa hareapparater. IEC 60601-2-66 standarden om
sikkerhed for medical devices - hgreapparater, sa dagens lys, og i den forbindelse blev
EMC standarden IEC60118-13 udvidet sa den daekker mere end blot mobiltelefoner. Pa de
nationale fronter fik DELTA afholdt et made for de teknikere der kalibrerer audiometre i
de danske hgreklinikker, med henblik pa at fastlagge ngjagtigheden af kalibreringen og
diskutere en raekke fortolkninger af de gaeldende standarder. Resultatet var ret
oplaftende med en tilfredsstillende ngjagtighed, panaer pa omrader hvor det kunne
forklares med afvigende maleudstyr.

Det ma konkluderes, at det forgangne ar har vaeret praget af stor aktivitet indenfor
omradet og stor efterspargsel efter DELTAs arbejde, isaer pa de veletablerede omrader.
Der er dermed kontinuitet i prioriteten af DELTAs opgaver for AMGROS midlerne, blandt
andet med stor fokus pa undervisning, udviklingsopgaver og vidensformidling med det
sigte at lofte kompetencerne i den danske hgreverden yderligere.
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Speech as input for technical measures

Carsten Daugaard
DELTA, Edisonvej 24, 5000 Odense C, Denmark, cd @delta.dk

Ellen Raben Pedersen
Institute of Technology and Innovation, University of Southern Denmark, Campusvej 55, DK-5230 Odense M,
Denmark, EllenPed @hotmail.com

Establishing audibility of speech is a basic requirement for all sound-related constructions from
the ancient theatres to modern headsets. The argument for using speech signals in technical
measures is based on its natural position as central part of human acoustical communication.
Introducing speech in technical measures can be done with speech-like signals. These can be
constructed with no language information, passed through a system as real speech, and the output
can be recorded as technical measure revealing information of the system. Speech can also be
utilized as an information carrying signal, evaluated by a listener. Speech, sometimes with noise,
will then be presented for a listener through a transmission system, and the systems performance
will indirectly be evaluated by the performance of the listener, compared to the performance of
the listener in other situations. The complexity of the listening situation can be varied through the
setup and choice of speech test. In this paper examples will be given on evaluation of
transmission systems using speech tests as an outcome measure, and it will be discussed if the
setup and design of a speech test can be designed with the purpose of measure the outcome of
different types of systems.

Introduction

The argument for using speech signals in outcome measures relies on its natural position
as central part of human acoustical communication. Establishing audibility of speech is a
basic requirement for all sound-related constructions from the ancient theatres to modern
headsets, as well as in evaluation of hearing loss and its implications. Utilizing speech as
an outcome measure can have several forms. Speech-like signals can be constructed with
no language information, passed through a system as real speech, and the output can be
recorded as a technical measure revealing information of the system.

More traditionally, speech can also simply be presented for, and then repeated by a
listener. By comparing the performance with and without a given system, the speech
perception improvement of that system can be revealed. When a speech test is well
designed, also more subtle differences between systems can be evaluated in this way,
provided they do affect the speech perception. Traditional speech tests can be evaluated
on three parameters: reliability, sensitivity and validity. Reliability is the measure of to
what extent we can expect the same results when the test is repeated. In other words the
primary factor of reliability is repeatability under the same or slightly different
conditions. Sensitivity expresses how well the test is able to express small differences in
perception. That is if there is small but perceivable differences between different
transmission systems and hereby between stimuli, does it correspond proportionally to the
test outcome. Sensitivity is a very important factor if the test is to measure changes
introduced by changing of transmission system. Finally the factor validity evaluates how
well the test represents a real life situation. A speech test will always just be a
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representation, an experimental setup of a real life situation, but considerations must
always be made whether a speech test is a fair representation of reality [1].

Using speech systematically in evaluating auditory perception, started in Denmark back in
the fifties, and well described, recorded speech material has been around for many years,
yet the selection of the word material and the design of the test is still a research topic.
The explanation for this is the complexity of the measure, as simple as it might seems to
ask if speech is understandable, the perception of a speech signal relies on many factors
from the intensity and frequency response of the signal over articulation and dialects to
the level of transferred information.

Non-informational speech test

The largest complication of a traditional speech test in the evaluation of a transmission
system is that it involves a number of test persons, which requires resources for planning
and handling the tests. Typically many electroacoustic systems instead are tested as a
black box with a specific test input and an output evaluated against some specifications.
As an example, hearing aids are evaluated according to the IEC 60118 standard series in
Europe. Specific requirements to the standardized measurements are for the Nordic
countries given in Nordic Requirements ver. 7.0. [2]

Until recently these standards has been based upon a pure tone sweep as input, no longer
revealing the natural performance of a modern hearing aid. As so many other
electroacoustic systems the most important input to a hearing aid is speech, which is
sought enhanced in the hearing aid compared to noise and pure tones. This was realised
by the hearing industry some years ago, and resulted in IEC 60118-15, which describes
measurements with a speech-like signal.

Testing system with realistic broad band signals

The requirements of a speech test signal for hearing aids are actually simple: It must have
the characteristics of speech that the hearing aid will react to, and it must not have
similarity to any given native language. Electroacoustical this transfers to a long term
spectra relatively flat from approx. 300 Hz to 3 kHz, where it starts falling off with a
slope of approx. -6 dB pr. octave. In the time domain the characteristic envelope must be
present resulting in a modulation of the speech signal.

Many suggestions of speech-like signal have been proposed. The most primitive being
frequency shaped, modulated white noise, the more widely used is the standardised CCITT
form the tele-industry and the defacto standardised ICRA noise signal, used for
development in many companies. [2] However, it is to be expected that the speech-
recognition algorithms in hearing aids will improve, increasing the requirements of speech
similarity to a test signal, that still has to be language neutral. During the work with the
IEC 60118-15 standard a new test signal has been developed honouring these requirements
The new test signal complementary to IEC 60118-15 was developed at the universities in
Oldenburg. It was named the International Speech Test Signal (ISTS). It mixes phonemes
from seven different languages, and thus sounds very much like speech but have no
informational value. When using it in hearing aid measures a long term speech spectra is
obtained and a “speech gain” value is calculated. This value can be used to compare
hearing aids with each other, based upon their electroacoustical “treatment” of the ISTS.

(3]
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Speech based room acoustics

Hearing aids are not the only acoustical systems where speech transmission is important.
In many years it have been custom to measure a range of speech quality related
parameters in public rooms, especially theaters and concert halls. A number of systems
measuring Speech Transmission Index (STI) is commercially available under names as
Rapid Speech Transmission Index (RASTI) and STI-Pa [4]. Although these systems are not
using speech-like systems as such, the principle of these systems is based upon knowledge
of the dynamic range of the speech. Presenting sounds within the speech spectra and at
levels representative for speech they investigates the conditions for spreading speech-like
sounds in the room.

There is a widespread use of speech-like signals to verify the ability of speech
transmission in various acoustic systems. Their likelihood to speech varies, as does the
way that they are interpreted. Common for all of them is that they provide an objective
evaluation of the system with a realistic test signal.

Basics of traditional speech tests

Electroacoustical test is very convenient, and provides valuable insight to basic
performance and configuration of electroacoustical systems. However, the ability to carry
the acoustical information from the speaker to the brain of the receiver, for a given
system, in a given setup, is too complex to be measured in full without involving the
recipient. Using tests of speech intelligibility to some extent includes the speech
processing capability of the receiver and thus represents a more realistic evaluation of the
system s ability to transmit speech information.

In principle testing speech understanding in humans is as simple as presenting spoken
words and note the answer from the person under test. However, in practical applications
there are a number of factors to be taken into account, affecting the outcome of the test.
Obviously the comparison of the presented speech and the answer from the test person is
critical. The operator needs to be sure that the answer is correct perceived, and that lack
of concentration or hearing does not affect the outcome of the test. Other factors
affecting the test can be divided into three headlines: presentation, transmission system
and listener. An overview of the factors is presented in figure 1. The presentation
category covers factors related to the selection of the speech material as well as the
reading and recording of the speech material. Considerations in selecting these variables
include choosing complexity of speech material, size of speech material and choice of
speaker. The transmission system covers all the factors related to transmit the spoken
words from the lips of the speaker to the brain of the listener. Introducing and controlling
the variables in this section makes it possible to perform outcome measures based upon
the speech material.
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PRESENTATION TRANSMISSION SYSTEM

Speech material Room

Open/closed test material Hearing aid
Speaker (dialect) Assistive device
Etc.

Comparison presented word vs received response from listener

Figure 1: lllustration of the complexity of speech tests.

Finally the category listener represents the variables of the perception and reporting
ability of the person under test. Different tests can be constructed focusing on controlling
different set of variables and thus reach different levels of sensitivity. Spoken material
with less complexity can be chosen so smaller children can participate, e.g. the Oldenburg
children sentence test [5,6].

The measure of the speech test

Testing hearing levels is a two-dimensional problem. Either the quantity of the stimuli is
counted (e.g. the percentage of words heard), or the level at which a certain percentage
of words are heard, is registered. This is due to the fact that thresholds are not absolute,
but follow the cumulative normal distribution, increasing the possibility of detecting
stimuli when the level of the stimuli is raised. The relationship between these two
measures can be found in the so-called S- curve. Discrimination Score (DS) is counted as a
percentage of correct heard words presented at a fixed level, typically at Most
Comfortable Level (MCL). Speech Reception Threshold (SRT), on the other hand is a
threshold measured in dB that in Denmark typical occur when two out of three digits (67 %
right answers) are heard.

When speech in noise is investigated, the term signal to noise ratio (SNR) at which 50% of
the speech material is correctly understood is used. When using speech tests in outcome
measures the system which in average allows the lowest signal to noise ratio, will then be
the better one.

The choice of masking noise should also be given some consideration. A natural perception
is that the signal to noise ratio of the intensity of the speech and the masking signal is the
determinator of the masking efficacy. A number of studies however, have shown that
modulated noise enables the listener to pick up fragments of the speech signal in the less
loud intervals of the modulation period. This ability commonly known as “listening in the
dips“, is better in the normal ear than in the impaired [7] Additionally, there is some
evidence that a speech-like signal might mask the speech more effectively than the
energy spectrum would suggest, because speech- like passages in the noise might draw
attention away from the real speech signal. This type of masking has been known as
informational masking, and is a subject for further investigations.

The speech signal itself is modulated and groups of people talking will produce a
modulated speech-noise with a frequency spectrum roughly the same as speech, although
with more emphasis on the lower part of the spectrum. The modulation depth will be
inverse proportional to the number of people up to a certain crowd. [8]
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Speech material in Danish

In the late eighties the first common Danish speech material, DANTALE | came in general
use [9]. However, the selection of the word material and the design of speech tests is still
a research topic, and within the last decade also new speech materials have emerged.
The explanation for this activity is the complexity of the measure. The perception of a
speech signal relies on many factors from the intensity and frequency shape of the signal,
over dialects and articulation, to the level of transferred information. Currently three
Danish speech materials are available that are contemporary in language and well
described. The DANTALE | consists of lists of single words and lists of digit numbers. The
digits correspond roughly to the Spondee-words in English language speech tests. The
difference is, that the digits are one syllable and the percentile threshold in the Danish
test is 67% (responding to two out of three are answered correct). The word lists are
commonly used in clinical practice to measure DANTALE | is also used as performance
measure with and without hearing aid in clinical practice. The Hagerman test is in
Denmark known as the DANTALE Il test, and is recorded in cooperation with the similar
German “Oldenburger sentence test” [9]. It is determining the speech reception threshold
in noise of a number of sentences with a well defined syntax. Each word is scored
separately, and the number of correct words determines the presentation level of the
next sentence in an adaptive threshold seeking algorithm. The average SRT in noise for
DANTALE Il on normal hearing people are approx. -8 dB, which indicates that the
sentences are quite simple and easy understood in noise [9]. The newest of the three tests
is Danish Hearing In Noise Test (HINT), which consists of everyday sentences. The meaning
of the sentences is evaluated in the answer from the tested person and some deviations
are allowed from the correct recitation of the presented sentence. For the HINT test the
average SRT in noise for normal listeners are around -2 dB, reflecting the fact that the
sentences are harder to understand than the Hagerman sentences [10].

Setup of a speech based outcome measure

Choosing the right test setup for a speech based outcome measure test is of course very
important. The many variables of a speech test must be taken into consideration. The
main objective is designing the setup of the transmission system so it - as realistic as
possible - represents a real life listening situation, but also the choice of the speech
material, and the test algorithms might influence on the sensitivity as well as the
reliability of the test. The performance of the test subjects might vary with the difficulty
of the speech material but also with the physical setup and the scoring method. As an
example a relation between cognitive spare capacity and language understanding has
been shown [11]. Practical experience with the computer implementation of the
Hagerman test indicates, that computer controlled test interfaces might stress non-
experienced computer users to poorer performances than the more computer acclimated
people.

Choice of speech test

As mentioned earlier, well described Danish speech materials exist, representing different
“philosophies” of test setups. The latest contribution is the Danish HINT that is available,
in a MATLAB version to keep track of the scores. However, a computer implementation of
the Hagerman sentence test is chosen as the basic speech test for the assistive listening
devices test. The sentences in the Hagerman test are very structural, making it possible to
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divide the detection of the sentence down to a detection of each word. This structure
makes it possible to respond to the test material by selecting the right words in a visual
matrix instead of repeating the words to the operator. This makes it possible to make a
computer version of the test that is self-controlled, and thus allows for a more efficient
execution of the test. The actual implementation shows the right word and suggests two
other words randomly chosen from basic sentences. This is done for each of the five words
in the sentence, as shown in the screenshot in figure 3. The spoken sentence can then be
reported by pressing the buttons representing the words that are heard. When the
selection is made, the “OK” button is pressed and a new sentence will be presented with
a level depending on the number of correct word in the previous sentence. With the visual
interface implementation, the testers interpretation of responded sentences is avoided,
but the interface requires new considerations like how many alternatives are needed for
each word, should the noise be present when you select the words and should a selection
of words be forced or should a “l don’t know” button be present. To some extent these
issues are discussed in [1] and in another paper from BNAM 2012 [14]. In practical use it
seems likely that the ease of interaction with a computer might have an age related
correlation, and thus diverting some attention from the listening task

Udvaelg den oplaeste sztning blandt de viste muligheder. Hvis de er usikker m& De gerne gaette:

Valgt szetning:
Linda havde ti fine blomster

Tryk herefter pd "OK" knappen —

Figure 3: Screenshot from the Hagerman implementation - scoring the sentence “Linda
had ten fine flowers”

With all speech tests it is reasonable to expect some learning effect, as the limited
spoken material can be remembered, as well as the context of the presented material can
be learned. With the Hagerman test the structure of the spoken sentences is easy to
learn, and thus the learning effect increases. The learning effect on the test results can
be lowered by presenting a number of sentences as practice before the real test begins.

Cases implementing speech tests

Comparison of four different wireless systems

As a practical implementation of a speech test based outcome, a small test of four
wireless transmission systems for hearing aids was carried out. The main purpose of the
test was to determine the performance of four different systems in a classroom-like
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setup: FM to ear level, FM with neck-loop, digital FM with neck-loop and dynamic FM. A
secondary goal was to evaluate the perspective of using an automated speech test based
outcome measure to indicate the potential performance of these devices.

N N
155 cm

A
v

table

v
A
!

105 cm v oscm

Figure 4: Test setup for measuring the performance of the wireless systems. From [11].

The setup of the particular test was designed to simulate the acoustical environment of a
class room. For practical reasons, however the room chosen for the setup was smaller
than a normal class room. Noise levels were decided to be 65 and 80 dB SPL, representing
a normal classroom noise level, e.g. for group projects, and a high level representing a
really noisy environment. Five identical speakers were placed in the room according to
the sketch in figure 4. Four speakers were reproducing the noise, one the speech
material. 30 cm in front of the speech speaker the wireless transmitter was placed
vertical, pointing towards the speaker as a man was talking directly into the transmitter.
The transmitter was transmitting the signal to the test person placed at a table approx.
2.5 meters from the loudspeaker. The test person was wearing hearing aids that were
adjusted to receive a mixed signal of both microphone and the wireless signal. Signal
levels of noise and speech were calibrated in the listener’s position using a sound level
meter.

It has been argued that a more realistic placement of the transmitter would have been
vertically 15-20 cm below the loudspeaker in order to simulate a transmitter worn around
the neck of the speaker in a realistic situation. It is true it could be a more realistic
situation. However the possible change in the outcome will depend on the change of the
directionality of the microphone in vertical and horizontal position, respectively.

Six participants performed the tests of the four systems in random order. However, only
three of the subjects had equipment that was compatible with dynamic FM. The
participants were experienced hearing aid users familiar with wireless assistive devices
but not necessarily all the systems used for this test. The equipment used in the test was
delivered by the manufactures sponsoring the test.
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Figure 5: Mean SNR for the four wireless systems in a small speech based outcome
measure test. Systems from the left are: FM to ear level, FM with neck-loop, digital FM
with neck-loop and dynamic FM. The results for the three first systems are based on data
from six test persons, whether the result for dynamic FM only is based on data from three
test persons. The blue and green marks represent data found with a noise level of 65 and
80 dB SPL, respectively. From [11].

Figure 5 displays the main results for the four tested systems. The results are presented as
mean speech to noise ratios across participants with 95% confidence intervals. All
individual scores are corrected for the “personal” speech to noise ratio, defined as the
minimal SNR for each participant. The blue marks represents measurements with a noise
level of 65 dB SPL, and the green marks are the mean value for tests with 80 dB SPL noise
level. Although there is a large variance it is statistically significant that the system C is
resulting in higher SNR than any of the three other systems for the low noise level, and a
clear trend emerges that the same is evident for the test with the high noise level.
Confidence intervals are larger for the high noise level, which reflects the fact that the
task was reported to be very difficult, and probably the high noise levels has also affected
the concentration as it was active during the judgment period after the sentence was
presented. It is noteworthy that system FM to ear level, FM with neck-loop performs very
equal in both mean SNR and confidence interval size for both noise levels. These systems
seems to perform equally well despite expected differences in e.g. the frequency range of
the two technologies. During the test it turned out that apart from differences in
transmitting technology, the digital FM with neck-loop differed as it was the only system
with no directional microphone. This is probably the major part of the explanation for the
higher SNR for this system. The dynamic FM shows slightly lower SNR than the other but
the trend is not statistically significant based upon this small sample. This part of the test
was only made for three of the participants, and thus larger confidence intervals were
expected. Generally it is reasonable to believe, that stronger results with lower
confidence intervals could be obtained if a larger population was tested, on the other
hand, significant results and strong trends emerge even with this little number of
participants. The test also reveals the importance of knowledge of the systems under test
as well as the importance of a critical view of factors in the setup that can limit the
possibility of generalizing the result to other listening situations.
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Using speech test for hearing aid outcome measure

The original reason to design the self-controlled implementation of the Hagerman speech
test was to investigate the possibility of measuring the improvement of speech
understanding as a result of hearing aid fitting. This practice was already seen with the
discrimination scores measured with the DANTALE | material. The hope for the Hagerman
implementation, apart from freeing the operator for some of the test time, was that the
reliability of the test would be better than DANTALE 1 due to the presentation of more
speech material pr. test. Recently a study using the self-controlled Hagerman
implementation was used in a study at the audiological department in Aarhus, Denmark.
The scope of this study was to investigate the benefit from using open-fitted hearing aids.
A part of this study was to investigate the reliability of the test. The first part of that test
was to look at the repeatability of the test for 20 normal-hearing persons. A multivariable
analysis shows no significant difference of the two test runs at a 95 % confidence interval.
However, a small improvement of the SNR from the first to the second test run can be
noted, which might be due to some learning and acclimatization effect. Pooling of the
results for normal-hearing (N=20) with the results from two other “transmission systems”
(hearing impaired and hearing impaired with hearing aids, N=18) is shown in figure 6. In
contrary to normal graphs of this type the hearing impaired and the normal hearing are
not considered to originate from the same population. The result shows that there are
significant differences between all the three conditions and that the mean difference is 2-
3 dB. At the audiological department in Aarhus the speech measurements of hearing aid
benefit were supplemented with a questionnaire to evaluate the users own impression of
benefit. The result shows a high correlation between the subjective benefit expressed in
the questionnaire, and the measured benefit from the Hagerman implementation.
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Figure 6: Mean and 95 % confidence inferVél ofLSRT in noise for three test groups. From
the left: hearing impaired with hearing aid, normal hearing, and with hearing aids. From
[13].

Summary

The presented studies shows promising results for speech based outcome measurements.
However, working with the subjects also reveals many possibilities for investigating the
mechanisms of speech testing in order to obtain an insight in details of human speech
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understanding as well as using this knowledge to improve outcome measurements by
choosing the right test design. Current investigations focus on realistic everyday
sentences, on the importance of the nature of the masking signal, as well as the
importance of knowledge of the speaking voice. The demand for documentation of benefit
of use of health care devices is growing, and speech based tests for acoustical applications
can with some further development answer that demand.
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e-nyhedsbrev nr 8

Kurser i April

Som det er tradition, udbyder DELTA kurser i teknisk audiologi i foraret. I ar
udbydes 3 kurser: "Teknisk Audiologi- teknologi og praksis" indleder mandag den
16 april med et hands-on begynder kursus om centrale arbejdsopgaver i teknisk
audiologi som hereapparat méling, stgjmaling og audiometerkalibrering
suppeleret med grundleggende teori. Tirsdag den 17. april komme turen til kurset
“hgreapparater”, som i lgbet af dagen kommer til at bergre alt hvad der er vaerd at
snakke om i forhold til den tekniske side af hgreapparater og hgreapparat
tilpasning. Endelig rundes kursusrakken af onsdag den 18. april med et kursus om
"hgretekniske hjelpemidler" med fokus pé praesentation af forskellige typer af
hjelpemidler og pa forstaelse af de grundleeggende teknologier bag. Se mere om
kurserne her.

Horetabs simulator til hgreforeningen

I anledning af hgreforeningens 100 ars jubileeum, har DELTA fremstillet en mobil
version af "Her Engang” — CD'en med eksempler pé hgretab. Egentlig har DELTA
bygget verdens storste stereo-hgreapparat med ekspansion, for tanken er, at man
putter gule grepropper i orene og tager et headset pa. Sa leenge apparatet er
slukket, har man det storst mulige horetab man pafere sig med systemet. Nar man
teender for apparatet hjaelper dets forstaerkning til at give herelsen tilbage.
Forsteerkningen er frekvensulinezr sd man oplever stadig problematikken omkring
bulrende lyd og manglende diskant. Apparatet er bygget, s man opnar normal
horelse ved maksmal forstaerkning gennem de gule erepropper. I apparatet er
desuden indbygget et ekspansions kredslgb som skal simulere den recruitment,
som normalt opleves ved et horetab.

FM dagen

I oktober blev atholdt et arrangement kaldet "FM-dagen”, med en raekke
spendende indleeg om Hareteknik og rumakustik. I forbindelse med DELTAS
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e- nyhedsbrev nr.9

Sammenlignende audiometermalinger

For at hgjne niveauet af kalibrering af audiometre i Danmark, har sterstedelen af
de teknikkere der udferer opgaven varet samlet i Odense for at lave
sammenlignende malinger og for at diskutere aktuelle problematikker i forhold til
den praktiske kalibrering. Resultaterne af den sammenlignende maling var
opleftende, der var generelt kun et par dB’s variation mellem malingerne. Enkelte
steder var afvigelserne en anelse storre men disse kan forklares med variationer i
maéleudstyret. Stemningen pé dagen bar prag af stor vilje fra alle parter for at sikre
at kvalitetsniveauet af kalibreringer pa audiometre i Danmark fortsat ligger hgjt til
gavn for bade professionelle og brugere. Et referart fra dagen kan ses her

Miniseminar

I anledning af standardiseringsgruppen "IEC-TC 29 electroacoustics" plenarmade i
Kgbenhavn, atholdt DELTA den 21. september et miniseminar om malinger pa
horeapparater og audiometre. DELTASs personale diverterede med indleeg om E-
feltsvektorens beveegelse i EMC malinger pa hgreapparater, om implementering af
IEC 60118-15: Maling med bredbandede signaler pa hgreapparater, og om
dokumentation af hgreapparater i henhold til den nye standard IEC 60601-2-66,
som specificerer kravene til hgreapparater som en del af IEC 60601 kravene til
medicinske produkter. Naede du ikke seminaret, kan powerpoints hentes fra denne
side

Barns udvikling af sprog

I forbindelse med sin Ph.d. om "Sprogbrug hos danske born med heretab", har
Sanne Schou Olesen brug for at kende horelsen pa en ret stor mengde af born som
hun skal undersgge. Hun kontaktede DELTA for at diskutere, hvordan hun bedst
med audiologisk utreenede hjalpere og pa et begraenset budget, kunne verificere at
bornene var normalthgrende. Efter at veere néet frem til at den bedste lgsning nok
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