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Abstract

Object: The aim of this thesis was the development of the Indonesian matrix
sentence tesiNDMatrix for speech intelligibility measurements in noise and the
clinical validation with hearing-impaired (HI) patients.

Study design: The test development followed the international standard pro-
cedure, and included recordings, cutting of the sound les, optimization of the
speech material and evaluation measurements. Firstly, a 50-word base matrix
consisting of 10 names, 10 verbs, 10 numerals, 10 nouns and 10 adjectives was
established and recorded with a female native Indonesian speaker. In the opti-
mization measurements, the speech reception thresholds (SRT) of 50% intelligi-
bility and the slopes Sso) of the word-speci ¢ speech recognition functions were
obtained for each word realization. By applying level corrections, the speech
material was homogenized in speech intelligibility. The evaluation measurements
aimed at the establishment of normative data for normal-hearing (NH) listeners,
the assessment of the training e ect and the veri cation of test list equivalence. In
cooperation with clinical partners in Indonesia, the INDMatrix test was validated
for its application in clinical population.

Study sample:Twenty three NH listeners participated in the optimization mea-
surements conducted in Oldenburg. The evaluation and validation measurements
were a multicenter study involving 3 measurement sites (Oldenburg, Bandung,
and Jakarta). Total of 25 NH listeners participated in the evaluation measurement
in Oldenburg and Bandung, and 23 Hl listeners in the validation measurement
in Bandung and Jakarta.

Results: At the optimization stage, the word realization level was adjusted to
the average word-speci ¢ SRT (-8.6 dB SNR) with maximum adaptation of 3
dB. Due to the level correction, the standard deviation (SD) of the test-speci c
SRT decreased from 2.2 dB to 0.6 dB. In that way, the homogeneity of speech
items in intelligibility was improved. The SRT reference value for the NH-listeners
measured adaptively in noise resulted in -8.2 0.8 dB SNR (SD across listeners).
At least 2 training lists of 20 sentences are necessary before starting the real
measurement to avoid the training e ect. The average of the test-speci c SRT
and slope across test lists was -9.1 dB (SD: 0.1 dB)and 14.5%/dB (SD: 1.0 %/dB).
The INDMatrix shows a high test sensitivity of 91.3%.

Conclusion: The nal version of the INDMatrix test with 20 test lists of 10
sentences has been successfully established and ful lls the international stan-
dards. The results are comparable to those of matrix tests established for other
languages.



Zusammenfassung

Ziel: Das Ziel dieser Masterarbeit war die Entwicklung des Indonesischen Satztests
INDMatrix fur Messung der Sprachverstandlichkeit im Storgerausch und die Kili-
nische Validierung mit schwerhérenden (SH) Patienten.

Design der Studie:Die Entwicklung des Matrixtests folgte dem internationalen
Standardverfahren und umfasste die Sprachaufnahme, das Schneiden von Auf-
nahmedateien, die Optimisierung des Sprachmaterials und die Evaluationsmes-
sung. Zunachst wurde eine 50-Wort Basismatrix mit 10 Namen, 10 Verben, 10
Nummern, 10 Nomen und 10 Adjektiven konstruiert und von einer Indonesischen
Muttersprachlerin aufgenommen. In der Optimierungsmessung wurden die Ver-
standlichkeitsschwellen bei 50% der Sprachverstandlichkeit und die Steigurd)
der wortspezi schen Diskriminationsfunktion fiir jede Wortrealisierung bestimmt.
Durch Anwendung der Pegelkorrektur wurde die Verstandlichkeit des Sprachma-
terials homogenisiert. Die Evaluationsmessungen zielten auf die Bestimmung
der Referenzdaten von Normalhérenden (NH), die Bewertung vom Traininge ekt
und von der Testlistaquivalenz. Durch Zusammenarbeit mit klinischen Partnern
in Indonesien wurde INDMatrix zur Anwendung in der klinischen Population
validiert.

Probanden: 23 NH nahmen an den in Oldenburg durchgeftihrten Optimierungs-
messungen teil. Die Evaluation- und Validierungsmessungen waren eine Multi-
center-Studie, wo 3 Messorten involviert waren (Oldenburg, Bandung und Jakarta).
Insgesamt gab es 25 NH fur die Evaluationsmessung in Oldenburg und Bandung
und 23 SH fur die Validierungsmessung in Bandung und Jakarta.

Ergebnisse:Bei der Optimierung wurde die Pegel der Wortrealization auf den
Mittelwert der wortspezi schen Verstandlichkeitsschwelle (-8.6 dB SNR) mit max-
imaler Pegelkorrektur von 3 dB angepasst. Aufgrund der Pegelkorrektur sank
die Standardabweichung der testspezi schen Verstandlichkeitsschwelle von 2.2 dB
auf 0.6 dB und dadurch verbesserte sich die Homogenitat der Verstandlichkeit
vom Sprachmaterial. Der adaptiv gemessene Referenzwert der Verstandlichkeitss-
chwelle im Storgerédusch betrug -8.2 0.8 dB SNR (Standardabweichung tber
gesamte Horer). Mindestens 2 Traininglisten mit jeweils 20 Satzen, um den
Training-E ekt zu verhindern, setzt die Sprachverstandlichkeitsmessung voraus.
Der Mittelwert der testspezi schen Verstandlichkeitsschwelle und der Steigung
Uber gesamte Testlisten betrug -9.1 dB und 14.5%/dB mit Standardabweichung
von 0.1 dB und 1.0%/dB. INDMatrix hat eine hohe Testsensitivitat von 91.3%.

ZusammenfassungDie nale Version vom INDMatrix Test mit 20 Testlisten,
jeweils 10 Satzen wurde erfolgreich erstellt und sie erfillt das internationale Stan-
dardverfahren. Die enstandenen Ergebnisse sind mit den in anderen Sprachen
entwickelten Matrixtests vergleichbar.



Abstrak

Tujuan : Tujuan dari tesis ini adalah pengembangan tes kalimat Bahasa Indone-
sia berbasis matriksINDMatrix sebagai alat uji pendengaran untuk mengukur
kemampuan percakapan dengan suara latar bising dan juga validasi klinis dengan
penderita gangguan pendengaran.

Desain penelitian: Tahap pengembangan ini mengikuti prosedur berstandar
internasional yang mencakup tahap rekaman, pemotongan data rekaman, opti-
malisasi materi bahasa, dan tahap evaluasi. Pertama-tama, 50 kata yang terdiri
dari 10 nama, 10 verba, 10 angka, 10 nomina, dan 10 adjektiva dipilih ,disusun
menjadi matriks dasar, dan direkam dengan suara wanita berbahasa ibu Indone-
sia. Melalui pengukuran dalam tahap optimalisasi rekaman didapatkan nilai am-
bang persepsi tutur (NPT) dan gradienSsy fungsi diskriminasi khusus kata dari
setiap realisasi kata. Dengan mengkoreksi nilai kata, homogenitas materi bahasa
pada matrix dasar meningkat dari segi kejelasannya. Tahap evaluasi bertujuan
untuk mendapatkan nilai referensi / nilai baku untuk pendengar normal, menilai
training e ect, dan menguji ekuivalensi setiap deret. Dengan bekerjasama dengan
partner-partner klinis di Indonesia, INDMatrix dapat diuji validitasnya dengan
populasi klinis.

Subjek penelitian: Dua puluh tiga pendengar normal berpartisipasi dalam
tahap optimalisasi yang dilaksanakan di Oldenburg. Tahap evaluasi dan vali-
dasi merupakan penelitian multisenter yang melibatkan 3 tempat (Oldenburg,
Bandung, dan Jakarta). Sebanyak 25 pendengar normal berpartisipasi dalam
tahap evaluasi di Oldenburg dan Bandung. Sebanyak 23 orang dengan gangguan
pendengaran ikut serta dalam tahap validasi di Bandung dan Jakarta.

Hasil penelitian: Dalam tahap optimalisasi, nilai realisasi kata disesuaikan de-
ngan rata-rata NPT khusus kata (-8.6 dB SNR) dengan adaptasi maksimal3
dB. Dengan adanya koreksi nilai pada kata, standar deviasi (SD) dari NPT khusus
test menurun dari 2.2 dB menjadi 0.6 dB. Dengan begitu, homogenitas kejelasan
materi bahasa meningkat. Nilai normal NPT yang diukur secara adaptif dengan
latar suara bising adalah -8.2 0.8 dB SNR (SD seluruh pendengar). Setidaknya
2 deret, masing-masing 20 kalimat, diperlukan sebelum pengukuran yang sesung-
guhnya untuk menghindaritraining e ect . NPT khusus test dan gradien rata-rata
dari seluruh deret adalah -9.1 dB (SD: 0.1 dB) dan 14.5%/dB (SD: 1.0%/dB).
INDMatrix menunjukkan sensitivitas yang tinggi sebesar 91.3%.

Kesimpulan: Hasil akhir INDMatrix dengan 20 deret masing-masing 10 kalimat
berhasil diciptakan dan memenuhi standar internasional. Hasil penelitian IND-
Matrix sebanding dengan tes kalimat berbasis matriks yang telah dikembangkan
dalam bahasa-bahasa lain.






1. Introduction

In most common situations, target speech is not the only sound perceived by the
ears and transmitted to the brain, as ears do not have the ability to separate
important and unimportant sounds. Whenever noise exists, noise will be also
perceived by the ears and transmitted to the brain. Hearing and understanding
speech in background noise occurs in everyday communication and is considered
as one of the most complex activities in daily life. Not only hearing-impaired
people (with or without hearing aid), also normal-hearing often complain about
communication di culties in noisy environments [Bharadwaj et al., 2015]. It

is known that a pure-tone audiogram can not re ect and predict these di cul-
ties [Plomp, 1978]. For a better characterization of a patient's problem, a test
assessing her or his communication ability in noise is necessary [Zokoll et al.,
2015]. Assessment of speech perception in noise plays an important role in many
elds, such as telecommunication, room acoustics, audiology, language and read-
ing disorders, or evaluation of hearing aids and cochlear implants [Ozimek et al.,
2010].

According to the World Health Organization (WHO) data [WHO et al., 2007],
Indonesia with prevalence of 4.2% in 2002 has the third biggest population suf-
fering from hearing loss in the South-East Asia (SEA) region. According to
Statistics Indonesia (the Indonesian o cial statistics) [Statistik, 2011], about 3
million people (ca.1.5% of 236 million Indonesian population) in Indonesia suf-
fer from hearing di culties. About 15% of them reported severe hearing dif-
culties. The dierence to the WHO data may occur due to the de nition of
hearing-impaired population. Statistics Indonesia de nes the hearing-impaired
population as citizens older than 10 years of age with hearing di culties despite
of hearing aids. Citizens with hearing aids who are able to hearing normally are
not counted in the hearing-impaired population. The number of hearing aid- and
cochlea implant-users increases. According to Abiratno [Abiratno, 2016b], there
are more than 600 cochlea implant-users in Indonesia. These users should be
supported by appropriate facilities of hearing diagnostics, tting, and rehabili-
tation. Voice test, Rinne and Weber test, and Schwabach test had been used
mostly before the independence of Indonesia and are still used in the small clinics
for hearing diagnostics [Radhi, 2012a] [Soewito, 1985]. However, these tests do
not give any quantitative information of the hearing loss. Pure-tone audiometry



was introduced in the big cities in Indonesia in 1960s and is used as a standard in
hearing diagnostics. However, pure tone audiometry has shown many de cits, for
example: (1) instability of measurement results of hearing thresholds by di er-
ent audiometricians conducted on the same subject; (2) variations of anatomical
structure of the bone and subcutaneous tissues at the mastoid area lead to uncer-
tainty of the bone-conducted measurement results; (3) lack of information about
suprathreshold and sensitivity above hearing threshold intensity; (4) inability of
pure-tone threshold to predict speech perception ability in noise [Soewito, 1985].

The rst speech audiometry test, well-known in Indonesia assadjah Mada
(GaMa) Phonetically Balanced Lists(mono- and bisyllabics), was rst introduced
at the ENT-national congress in Jogjakarta in 1973 by Soewito. Due to the test's
de cits, such as: inhomogeneity of the test lists, poor speaker articulation and
incompatibility to the new Indonesian orthography, these test lists were updated,
renewed, and expanded to mono- and bisyllabic word lists and lists of phrases
and numbers in 1985 [Soewito, 1985]. This caused a huge progress in Indonesian
hearing diagnostics, but since the measurements are conducted in quiet, this test
does not re ect the patients’ complaints of experiencing poor speech recognition
in noisy conditions.

The awareness of assessing speech intelligibility in noise in Indonesia has been
risen by the establishment of the Indonesian version of the Hearing in Noise
Test (IndoHINT) developed by Abiratno [Abiratno, 2016a]. The HINT is one
of tests that emphasizes the importance of assessing speech recognition in noise.
The HINT [Abiratno, 2016a] [Nilsson et al., 1994] was rst developed for the
English language in the House Ear Research Institute, LA, USA, using revised
Bamford-Kowal Bench(BKB) [Nilsson et al., 1994] sentences and the Speech Re-
ception Threshold (SRT)-method introduced by Plomp and Mimpen [Plomp and
Mimpen, 1979]. The HINT in English contains 24 test lists of 10 sentences.
The length of the sentences, phoneme distribution, and the intelligibility of the
sentences within a list are equivalent, so that HINT ful lled the standards of
realibility and validity.

Abiratno [Abiratno, 2016a] developed 27 test lists of 10 sentences for the Indo-
HINT. The speech material represents daily conversation situations [Abiratno,
2016a]. HINT has been developed for other languages as listed by Soli and
Wong [Soli and Wong, 2008] and can be applied to measure speech intelligibility
in quiet as well in noise. However, the available test lists can not be applied twice
to the same listener, at least within a short period of time, since the sentences
are easily memorized.

The problem of limited number of test lists in a lot of speech audiometry tests
using meaningful words or sentences does not occur in the so called "matrix
sentence test". The matrix test was invented by Bjérn Hagerman for clinical



purposes to measure speech intelligibility in noise for the Swedish language. The
idea of this speech test was to generate sentences from a xed format, the so called
"base matrix" which contains of 5 word groups with 10 words in each group (10
names, 10 verbs, 10 numbers, 10 adjectives and 10 nouns) [Hagerman, 1982].
Sentences are generated by randomly picking up one word of each word groups
and combining them into a sentence. The syntactical structure of the sentences
is always the same. Each word occurs once in a test list of 10 sentences. The
sentences are all grammatically correct, but semantically unpredictable, so it is
impossible for the subjects to memorize the sentences or a sentence list [Kollmeier
et al., 2015]. In this way, the same subject can be tested repeatedly with the
same speech test (even the same test list) [Kollmeier et al., 2015]. Until now
matrix sentence test has been developed for more than 14 languages, as listed
in [Kollmeier et al., 2015].

Advantages of the matrix test are the high comparibility across language (better
than HINT) and the fact that, the limited speech material may be better suited
for patients with a substantial degree of hearing loss or higher age than speech
tests with more complex speech material [Kollmeier et al., 2015].

Another advantage of the matrix test is the possibility to be performed in a
closed-set response format, i.e., the test instructor or audiometrician does not
need to comprehend the language of the measured listener. The limited vocabu-
lary of base matrix enables displaying it to the listener, so that the listener can
select the understood words by himself/herself on a desktop or touchscreen. In
that way, the matrix sentence test can be used all around the world. Developing
matrix sentence test for Indonesian language should contribute to an accurate
and valid speech audiometry independent on the country the listener lives.

The aim of this master thesis focused on the development of the Indonesian ma-
trix sentence test, which followed the international standard procedure. Further-
more, the Indonesian matrix sentence testifiDMatrix ) was clinically validated
to proof that the INDMatrix is comparable to other audiometry tests applied in
the clinics and can complement the result of those tests.






2. Theoretical Background

2.1. Speech intelligibility measurements

Speech audiometry assesses the capability of an individual listener to understand
speech [Kollmeier et al., 2014]. It is one of the most important and fundamental
components of modern audiology and hearing research. Speech audiometry tests
are used in diagnostics, hearing device tting and evaluation of the benet of
hearing devices, evaluation and assessment of the 'e ective' hearing impairments
of individual listeners [Kollmeier et al., 2015].
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Figure 2.1.: Speech intelligibility measurements in quiet (upper panel) and in
noise (lower panel) [Kolimeier et al., 2014].

According to [Kollmeier et al., 2014], speech intelligibility (Sl) is de ned as the
proportion of correctly repeated speech items of a speech test. Speech material
may consist of syllables, words or sentences. By de nition, Sl is quantitatively
measureable by means of a standardized speech material (with controlled play-
back conditions). Sl is usually represented in the so called "intelligibility func-



tion" that shows percentage of correctly understood speech items as a function of
speech level when measurement is conducted in quiet or as a function of signal-
to-noise ratio (SNR) when speech intelligibility is measured in noise [Kollmeier
et al., 2014].

A speech intelligibility measurement in quiet tests mainly the audibility of
speech items. Furthermore, a tone audiogram can be veri ed. The remaining au-
ditory capacity or discrimination loss can be observed by presenting short speech
items at an optimized (individual) presentation level. Speech intelligibility in
noise aims at the simulation of a natural speech communication situation and
quanti es not only the consequence of loss in audibility but also characterizes the
suprathreshold processing de cits.

Figure 2.1 shows the inter-individual di erences between normal-hearing (NH)
and hearing-impaired (HI) listeners between two common performances of speech
intelligibility: The upper panel presents a speech intelligibility measurement in
quiet, the lower panel presents a speech intelligibility measurement with noisy
background. Measuring speech intelligibility in quiet yields a relatively large
inter-individual di erence between NH and HI listeners and the accuracy of this
measurement is moderate (about 5 dB). Measuring Sl in noise, on the other hand,
yields a small the inter-individual di erence and the accuracy of this measurement
to distinguish a NH from a Hl-listener has to be higher (about 1 dB) [Kollmeier
et al., 2014].

Another important aspect to be considered while inventing a new speech test
is the number of speech items. To understand the importance of the number of
speech items, output of each single speech item can be considered as a Bernoulli
trial. There are only 2 possible outcomes in repeating pronounced words: true or
false, i.e. the accuracy of SI measurement is given by binomial distribution. The
standard error SE describes how big is the possibility that a measurement result
was obtained by chance. The smaller the error, the smaller is the chance that Sl
Is incorrectly measured. The following equation shows the in uence of N number
of speech items of a speech test on the SE-value:

r
SI(L SI)

SE(SI) = <

(2.1)

When observing SE at 50% of speech intelligibility, as shown by the dashed line
in Figure 2.2a, it is obvious that increasing the number of speech items decreases
SE. A high number of speech items in an Sl-measurement can be achieved by
using lists of sentences instead of lists of words. For example: a test list of
Freiburg speech test with 20 words (N=20) has an SE of 11.2%, a test list of
a matrix test with 20 ve-word sentences (N=100) has an SE of 5%. Figure
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Figure 2.2.: Panel (a): In uence of the number of speech items (N) on accuracy
of speech intelligibility measurements described by standard error.
Panel (b): Speech intelligibility functions for several speech audiom-
etry tests. [Kollmeier et al., 2014]

2.2b shows speech intelligibility functions for speech tests using di erent type of
speech material including single words, numbers, or sentences. Generally, speech
tests with a high number of speech items are characterized by a steep speech
intelligibility function. The idea is, as soon as one element is intelligible, other
elements become also intelligible, so that a steep transition from "not heard"

to "heard" can be reached [Kollmeier et al., 2014]. A speech intelligibility test
desires a steep slope, so that small changes in speech level can demonstrate a
huge di erence in the speech intelligibility value.

2.2. Speech audiometry in Indonesia

In Indonesia, there are three tests that can be used for speech audiometry: the
voice test, the updated phonetically balanced list, and the Indonesian version
of the Hearing in Noise Test (IndoHINT). The voice test and the phonetically
balanced list measure speech intelligibility in quiet. INndoHINT measures speech
intelligibility in noise.

The voice test (speech distance test) assesses speech intelligibility for whis-
pered speech pronounced from a certain distance with expiratory reserve volume
(air volume after a normal exhalation) [Boenninghaus and Lenarz, 2006]. Voice
test probably does not count as a real speech audiometric test, but this test
has been known before the independence of Indonesia. It is unclear, who de-
veloped or introduced this test in Indonesia. Similar to the voice test explained
by [Boenninghaus and Lenarz, 2006], voice test in Indonesia used rstly num-
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bers. Nowadays, common words are used, mostly nouns that exist around the
instructor or patient [Radhi, 2012b] [Kartika, 2007].

The voice test is still commonly used in small clinics in Indonesia without a
special ENT-department and audiometry. The advantage of the voice test is a
very quick screening and high feasibility due to the simple technical equipment
requirement (only room with minimal length of 6 m, which has no echo or which
wall is damped with an absorbent material in order to minimize echo).

The eyes of the patient and the not inspected ear should be closed. The audio-
metrician/audiologist/instructor starts to "whisper" 5 or 10 words with a distance
of 1 m from the patient. When the patient correctly repeats all the words, the
distance will be increased by 2 m and 5 or 10 words are whispered again. The
procedure will be repeated until only 80% of the words are correctly repeated.
This distance (in m) is the so called "hearing range". Depending on the distance
of hearing, the qualitative level of hearing loss (mild, moderate, or severe) is de-
termined and the type of hearing loss (sensorineural or conductive) is determined
according to which syllables were often falsely interpreted by the patient [Kartika,
2007] [Radhi, 2012b].

Disadvantages of the voice test are the non existence of quantitative information
of the hearing loss in dB, the absence of sound level control of the instructor, the
inability of SI-measurement in noise, and the low contextual cues of words that
are used.

As mentioned in Chapter 1, the Gadjah Mada phonetically balanced list was
the rst speech audiometric test introduced in Indonesia in 1973 [Soewito, 1985].
Soewito improved this test by updating the words on the test lists of mono- and
bisyllables, extending this test with lists of acronyms, phrases and numbers, and
providing recordings of the test lists. He found out that the new phonetically
balanced lists with numbers and phrases can be used to determined SRT, while
lists with monosyllables and bisyllables can be used to measure the speech dis-
crimination score (SDS). These new developed lists are the most common speech
audiometry tests used in Indonesia, especially in clinics with an ENT-department.
However, audiometricians/audiologists nowadays mostly apply the bisyllabic lists
to measure both SRT and SDS. Due to the recorded speech material, the diag-
nostic quality is more precise than the voice test. The disadvantage, that only
lists with bisyllabic words are used, is the limited number of test lists (n=10).

It requires a high control on the used test list, so that the same test list is not
applied to the same patient in a short period of time. No contextual cues exist
in this test as only words are used. However, the words are meaningful and can
be easily memorized.

The IndoHINT developed by [Abiratno, 2016a] is until today the only possible
test to assess speech intelligibility in noise in Indonesian language. Speech intel-
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Table 2.1.: Example of the renewed phonetically balanced word lists [Soewito,

1985].

Monosyllables Bisyllables Numbers Phrases
Lem glue Sabun soap 13 Apa kabar how are you?
Bu ma'am Kuda horse 67 Besar kecilbig small
Skor score Dingin cold 81 Cocok tanamcropping
Gong gong Banyak many 55 Gerak badanbody movement
Jin genie Gula sugar 70 Hasil bumi crops
Wol wool Pipi cheek 92 Iri hati envy

Zat substance Besar big 28 Juru tulis secretary

Pot pot Enak delicious 34 Kapal terbang airplane

Mi noodle Lidah tongue 76 Lemah lembutgentle
Sahlegal Kembar twins 49 Matahari sun

Plek one on one Umur age Meja tulis desk
Tos high ve Salonsalon Nenek moyangancestor
Krim Cream Tikus mouse Obat tidur sleeping pills
Spoor Track Panah arrow Panjang pendeklong short
Klab club Becak trishaw Papan tulis whiteboard
Loop loop Nasi rice Roti tawar white bread
Stem stem lImu knowledge Soal jawab questioning
Drop drop Kamar room Suka relavoluntary
Cek check Telor egg Tahun baru new year
Bin bin Tempat place Uang kecil small change
Ros rose
Lang hose
Step step
Dan and
Selcell

ligibility measurement in quiet background is also possible with the IndoHINT.
The IndoHINT uses everyday sentences and therefore has highly contextual cues.
Example of the IndoHINT sentences [Abiratno, 2016a]: "Ayah bangun jam lima
pagi" (Father stands up at ve o'clock in the morning, "Pisau itu sangat tajam"
(The knife is very sharp, "Kakek sedang makan roti" (Grandfather is eating

bread).

The IndoHINT has not been applied yet in the clinics. Despite 27 available
test lists, the repetition of the same test list with the same patient within a

short period of time should not be avoided since sentences are easily memorized.
HINT has been developed for many languages [Soli and Wong, 2008], but it is
not possible to execute HINT in a closed-set response (without instructor who
masters the language).
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2.3. Indonesian as a language

The Indonesian language has been announced as the unity language in Indonesia
since October28", 1928 during the Second Youth Congress in Jakarta. Indone-
sian as a national language for 236 million of Indonesian population is regulated
in the Constitution of Indonesia (nd: Undang-Undang Dasar Republik Indonesia
1945 UUD'45), which was authorized on Augustl8",1945.

Before Indonesian was declared as o cial language, people spoke local lan-
guages. Abiratno in her dissertation reported 748 local languages that are used in
Indonesia [Abiratno, 2016a]. According to Statistics Indonesia [Statistik, 2011],
the number of regional/local languages almost reached 2,500, which is almost
twice as the number of ethnic groups (1,340 groups are registered). The high
number of local languages occurs due to the geographical situation of Indonesia
with more than 16,000 islands spread from 9% 141°E.

Based on an o cial publication of the Indonesian population census in 2010,
the Indonesian language was reported as the second most used daily language
in Indonesia with only 19.9%, after Javanese with 31.8%. In comparison to the
census from 1990 with 10.7%, more and more people used Indonesian as main
daily language at home. The Indonesian language as normal daily communica-
tion language has been reported to be spoken only by the majority in 5 of 34
provinces: Jakarta, West Papua, Riau, North Sumatra und East Borneo [Statis-
tik, 2011]. However, more than 96% of the Indonesian population are able to
speak Indonesian and only around 3% are not.

Foreign
No response (0.57%)
= Do not speak

languages
No answer 0,35% '
0,26% Indonesian
19,94%
Speak Indonesian Indonesian

Local (96.05%) (3.38%)

languages
79,45%

Figure 2.3.: Two of the results of the Indonesian population census in 2010 [Statis-
tik, 2011] [Statistik, 2012].
(&) Indonesian population based on the daily language spoken at
home [Statistik, 2011].
(b) Indonesian population based on their ability to speak Indonesian.

The ratio of Indonesian population who can not speak Indonesian to who can

speak Indonesian is higher for age group of 75-89 years (almost 1) and age group
above 90 years (slightly more than 1) than the younger age groups [Statistik,
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2012]. This may occur, because the transition from colonial language (Dutch) to
Indonesian language at schools, on public media, and in the Indonesian parliament
did not happen directly after the declaration of Indonesian as the national lan-
guage in the Youth Congress in 1928. The interest of using Indonesian language,
however, increased regarding the increasing number of written o cial speech, ar-
ticles, and books in Indonesian language. Until MarcB", 1942, Dutch was a
mandatory language at schools. At the time of colonialism of Japan (1942-1945),
Dutch language was forbidden and Indonesian language became compulsory and
was introduced all over Indonesia. Social contact between Indonesian language
and the regional languages occured and they in uenced and/or complemented
one another [Muljana, 2008].

There are two main reasons why Indonesian as a relative new language was
adapted mainly from Malay language:

1. Intralinguistical factor: in comparison to other local languages, such as
Javanese or Sundanese, which is more popular than Malay, Malay is simple
and has no "politeness level”, i.e. younger generation may use the same
language when talking to older generation and vice versa. Malay can be
understood, even when the speaker does not master the language uently.

2. Extralinguistical factor (social and cultural background): Malay is well-
known among Indonesian archipelago and had been introduced in Indonesia
during the victory era of Srivijaya Kingdom (8"th-12" century) through
trading tra c [Armandhani, 2012] [Muljana, 2008].

Table 2.2.: Indonesian consonants

Mhhp hhhp Articulation Manner
h h h h Bilabial | Labiodental | Alveolar | Palatal | Velar | Glotal
Articulation place hhh hh
Stop
voiceless p t c k
voiced b d J g
Fricative
voiceless f s S X h
voiced z
Nasal
voiced m n f N
Trill
voiced r
Lateral
voiced
Semivowel
voiced w j

The Indonesian spelling system has changed several times since 1928. The valid
spelling used nowadays is the Enhanced Indonesian Spelling Systéndy( Ejaan
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Yang Disempurnakan, EYD or the Perfected Spelling System (PSS). PSS, com-
pared to the van Ophuijsen or Soewandi Spelling System (the previous spelling
systems), is basically combination of 2 spelling systems:

1. Phonetic spelling as PSS basisvery alphabet represents a phoneme after
sounds measured. Moreover, punctuation marks are reduced, which are
mostly unnecessary.

2. Etymological spelling spelling system that regulates the spelling of every
word that derived/adapted from (foreign) languages [Muslich, 2008].

In PSS, there are 2 kinds of phonemes:

1. vowel phonemes: Indonesian language has 6 vowels: in total 2 high vowels
/il and /u/,3 mid vowels /e/,/ @/ol/, and one low vowel /a/.

2. consonant phonemes: There are 22 consonants in Indonesian languages.
(See Table 2.2) [Muslich, 2008] [Moeliono and Dardjowidjojo, 1988].

2.4. Matrix test

The matrix sentence test was rst developed by Bjérn Hagerman in 1982 for
the Swedish language for speech intelligibility measurements in background noise
[Hagerman, 1982]. The matrix test is based on a xed "base matrix" which con-
tains 50 words of 5 word groups (10 names, 10 verbs, 10 numbers, 10 adjectives
and 10 objects). A sentence is generated by taking one word randomly from each
word group and combining them into a grammatically correct sentence [Hager-
man, 1982]. The generated sentences always have the same syntactical structure.
Each of 50 words occurs only once in a list of 10 sentences. The sentences are
semantically unpredictable, so they might be less redundant than the everyday
sentences and are di cult to memorize. A 50-word base matrix enables genera-
tion of 100000 di erent sentences.

In 1999, matrix test was also developed for the German language and is known
as OLSA (Oldenburger Satztest). Compared to the matrix test for Swedish,
the recording was re ned by recording sentences instead of words and including
co-articulation between the words to keep the speech sounds natural [Wagener
et al.,, 1999c]. Adaptive procedure proposed by Brand and Kollmeier [Brand
and Kollmeier, 2002] was used for the measurements to obtain 50% of speech
intelligibility [Wagener et al., 1999a] [Wagener et al., 1999D].

Since then, the matrix sentence test has been developed for other languages.
The order of the word groups depends on the grammar of the language, for
example: name - verb - number - adjective - noun in English or name - verb -
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Britta bekommt zwei alte Autos | Antonio busca dos anillos azules

Doris gewann drei groBe Bilder Carlos compra tres barcos baratos
Kerstin gibt vier griine Blumen Carmen hace cuatro dados bellos
Nina hat fiinf kleine Dosen | Claudia mira seis guantes enormes
Peter kauft sieben nasse Messer Elena pierde siete juegos grandes
Stefan malt acht rote Ringe José pinta ocho libros lindos
Tanja nahm neun schine Schuhe Josefa quiere diez platos negros
Thomas schenkt elf schwere Sessel Manuel tiene doce regalos nuevos
Ulrich sieht zwilf teure Steine Pedro toma veinte sillones pequefios
Wolfgang verleiht achtzehn weiBe Tassen Teresa wvende mil zapatos viejos
Ok 3
(a) Oldenburg Sentence Test (OLSA) (b) Spanish matrix test

Figure 2.4.: The order of respective word groups of the matrix sentence tests
depends on the grammar of the language. In German, the word
order is name - verb - number - adjective - noun. In Spanish, the
word order is name - verb - number - noun - adjective.

number - noun - adjective in Spanish (see Figure 2.4). The noise signal is typically
generated from the speech material of the test so that the long term spectrum of
speech signals and noise are very similar.

During the EU-funded projects NATASHA and HearCom (www.hearcom.eu),
the matrix sentence test was successfully developed for eight languages. The
follow-up project HurDig lead by Prof. Dr. Dr. Birger Kolimeier emphasized
the research focus on the development of hearing screening and diagnostic speech
intelligibility tests, not only for European languages (e.g., Spanish and Italian)
but also for non-European languages (e.g., American English and Persian). To-
gether in some bilateral projects, this project yielded additional six languages for
the matrix sentence test. All available languages for the matrix test ( nished
until 2014) are listed in Kollmeier et al., 2015 [Kollmeier et al., 2015].

According to [Wagener et al., 1999c], a matrix sentence test has some advan-
tages, such as:

1. Optimized for speech intelligibility measurement in noise.
2. Steep discrimination function.

3. All test lists contain the same 50 words, i.e. the homogeneity of the speech
material is very high.

4. The sentences are dicult to memorize so that the number of test lists
available is unlimited.

5. Selected words are well-known and daily-used.

6. Closed-set response format enables measurement in listener's native lan-
guage, even when the test instructor does not master the language.
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The disadvantage of a matrix sentence test is the learning / training e ect on
inexperienced and experienced listeners. The SRT-value decreases signi cantly
when listener gets used to the words of the base matrix. [Hagerman, 1982] [Wa-
gener et al.,, 1999a]. At least two training lists of 20 sentences needed to be
executed before getting the real SRT [Warzybok et al., 2015a] [Wagener et al.,
1999D].

Selection of speech material

‘v’
Recordings

v
Cutting of sound files

Optimization

(Homogenization of word-specific intelligibility)

V'_
Evaluation

(List equivalence, NH reference values)

I
Validation

{Practical experience with the test)

Figure 2.5.: Matrix sentence test development procedure [Kollmeier et al., 2015].

Figure 2.5 shows several steps in the development process as suggested by
[Kollmeier et al., 2015]. It starts with the selection of the speech material. Fifty
words consisting 10 names, 10 verbs, 10 numerals, 10 nouns, 10 adjectives are
denoted as base matrix. The chosen words based on [Akeroyd et al., 2015] have
to be highly frequent words and semantically neutral. The phoneme distribu-
tion of the matrix sentence test does not di er signi cantly from the phoneme
distribution of language-speci c references. For the recording, 100 sentences are
generated in such an order, that every word is connected once with each word of
the neighboring word group. These sentences are recorded by a female speaker
as a compensation between male and infant voice [Kollmeier et al., 2015]. In the
third step, cutting the sound les, the words are cut including the co-articulation
of the word of the next word group. After cutting, new sentences are resynthe-
sized. During the resynthesis, each word has to be followed by the word of the
matched co-articulation. The test-speci c noise is also generated as suggested
in [Akeroyd et al., 2015] and [Kollmeier et al., 2015]. The optimization aims
to increase the homogeneity of the word-speci c intelligibility. In the evaluation
stage, the normative reference value is obtained and the test list equivalence is
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analyzed. The validation is the last stage, where matrix sentence tests will be
compared with other existing audiometric tests in a clinical population [Kollmeier
et al., 2015].
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3. The Indonesian Matrix
Sentence Test INDMatrix

The development of the Indonesian matrix sentence test followed the international
standard procedure of multilingual matrix sentence tests [Kollmeier et al., 2015]
and ICRA recommendations [Akeroyd et al., 2015]. The development process of
the INDMatrix consists of several steps as shown in Figure 2.5. Each of these
steps will be described in the subsequent sections.

Section 3.1 describes the selection of the speech material. Recording of speech
material, cutting procedure, and the resynthesis of test sentences will be explained
in Section 3.2. The remaining steps will be explained in detail (including meth-
ods and results) in seperate chapters: The optimization measurements to reach
high homogeneity of speech items is presented in Chapter 4. The evaluation mea-
surements to obtain normative reference values and proof test list equivalence is
described in Chapter 5. Chapter 6 presents the last step of the test development,
namely the clinical validation. The measurement results are discussed in Chapter
7.

Evaluation and validation measurements were conducted as a multicenter study
involving two Indonesian hearing centers in addition to Carl von Ossietzky Uni-
versity of Oldenburg:

1. A. Kasoem Hearing and Speech Center is a family company, one of
the distributors of hearing-aids and cochlea-implants in Indonesia. Besides
0 ering services in hearing aids and cochlea implants, Kasoem o ers au-
diological diagnostics, consultation, and therapy. The A. Kasoem Hearing
and Speech Center trains audiometricians and (auditory-verbal) therapists
on audiological measurements or auditory-verbal therapy methods. It is
responsible for audiometrical setup calibration for many ENT-clinics and
ENT departments of hospitals, including Cipto Mangunkusumo General
Hospital. The headquarter of A. Kasoem Hearing and Speech Center is
located in Jakarta. However, the evaluation and validation measurements
involved the branch in Bandung under the supervision of Dr. dt. Ratna

dr.: the title for practicing physician.
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Anggraeni, Sp. THT-KL(K) 2, M. Kes>.

2. Cipto Mangunkusumo General Hospital in Jakarta is one of the largest
national hospitals. As an academical hospital, Cipto Mangunkusumo Gen-
eral Hospital cooperates with the medical faculty of the University of In-
donesia. Every clinical research project involving Cipto Mangunkusumo
Hospital involves the medical faculty of the University of Indonesia. The
clinical validation took place in the Division of Neurootology in the De-
partment of ENT under the supervision of dr. Ronny Suwento, Sp. THT-
KL(K), dr. Widayat Alviandi, Sp. THT-KL(K), and Prof. Dr. dr. Jenny
Bashiruddin, Sp. THT-KL(K).

3.1. Speech material

The speech material of the Indonesian matrix sentence test was selected con-
sidering the ICRA recommendations [Akeroyd et al., 2015]. The chosen words
are highly frequent according to the frequency dictionary of the Indonesian lan-
guage [Quastho et al., 2015]. Most of the words belong to the rst 10,000
common words in Indonesian. The words are semantically neutral. Sentences
that can be resynthesized by the selected words are grammatically correct.

Table 3.1.: Fifty-word base matrix of the Indonesian matrix sentence test.

Index Name Verb Numeral  Object Adjective  Translation
a b c d e
0 Agus melihat delapan bola bagus Agus sees eight nice balls
1 Avrif membawa dua buah baru Arif brings two new fruits
2 Ayu membayar empat buku berat Ayu pays four heavy books
3 Fajar memilih enam cangkir bersih Fajar chooses six clean cups
4 Ika mencari lima gitar kecil Ika looks for ve small guitars
5 Made mendapat sembilan  kaleng keras Made gets nine hard cans
6 Maya mengangkat sepuluh kotak kotor Maya lifts ten dirty boxes
7 Putri mengganti seratus kunci kuning Putri changes one hundred yellow keys
8 Putu menjual tiga sendok mahal Putu sells three expensive spoons
9 Sari menyimpan tujuh sofa putih Sari stores seven white sofas

All names were chosen from the top 1,000 rst names of the Indonesian pop-
ulation calculated from 56,719 names of applicants for the Indonesian Treasury
Department in 2010 [Hana, 2010] and cross-checked with the names in the In-
donesian frequency dictionary [Quastho et al., 2015]. There are 3 male, 5 female,
and 2 neutral names (gender independent).

All names, nouns and adjectives are bisyllabic. Sentences consist of subject-
verb-object and are categorized as active transitive sentences (the verb represents

2Sp. THT-KL(K): the title for specialist physician in ENT
3M. Kes: Master of Health Science
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action that has to be followed by an object). Indonesian verbs for the active
transitive sentences start mostly with the pre x meng- (some are followed by
sux -i or -kan). The derivation of the pre x "meng-" depends on the rst
phoneme of the verbs' in nitive (verbs in the original form). This process is
called morphophonemic$ [Moeliono and Dardjowidjojo, 1988].

1. Pre x meng-do not change the form when added to the in nitive verb
forms with the rst phoneme /a/, /i/, lul, lel, lol, Iel, Ik/, Ig/, or Ih/.
" meng- + angkat (to lift) = mengangkat
" meng- + ganti (to changg = mengganti
Exception: meng + kalah = mengalah

2. Pre x meng-changes tome- when added to in nitive verb forms with rst
phoneme /l/, Im/, In/, [ @l, ] N, Itl, ljl, or Iwl.

N

meng- + lihat (to seg = melihat
3. Pre x meng-changes tomen-when added to in nitive verb forms with the
rst phoneme /d/, It/, Icl, ] ¥, or/ S.
" meng- + dapat (to get) = mendapat
" meng- + cari (to search) = mencari
4. Pre x meng-changes tomem-when added to in nitive verb forms with the
rst phoneme /b/, /p/, or /fl.
" meng- + bayar (to reply) = membayar
" meng- + potong (o cut) = memotong
5. Pre x meng-changes tomeny- /mefi-/ when added to in nitive verb forms
with the rst phoneme /s/.
" meng- + simpan (o save/keep/store = menyimpan
6. Pre x meng-changes tonenge-when added to monosyllabic in nitive verb
forms.
" meng- + cek o check= mengecek
" meng- + rem (to brake = mengerem

According to [Soewito, 1985],the percentage of correctly recognized words in-
creases with increasing number of syllables in a word. Therefore, only active

“Morphophonemics is the study of the relationship between morphology and phonology. Mor-
phophonemics investigates phonological variations within morphemes.
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transitive verbs with pre x meng-(without su x) were selected to keep the num-
ber of the syllables in the verbs minimal (3 syllables are the minimum number
of syllables of a derivated verbs) but grammatically correct. To avoid the ex-
plodation of the phoneme=m=in the phoneme distribution, the number of the
phoneme=m=was minimalized in the other word groups.

Indonesian natural numbers (larger or equal 1) are generally multisyllabic.
Only numbers 1 to 7 are bisyllabic. To keep the number of syllables balanced
within the group of numerals, 6 bisyllabic numbers and 4 trisyllabic numbers were
chosen.

The phoneme content of the 50-word base matrix was analyzed and checked
by an Indonesian computational linguist , Totok Suhardiyanto, from the Depart-
ment of Linguistics, Faculty of Humanities of the University of Indonesia. The
phoneme distribution of the base matrix, as shown in Figure 3.1 (blue line), was
compared to three di erent language-speci c references (grey lines): the phoneme
distribution according to the prepatory work for the new phonetically balanced
word lists [Soewito, 1985], the phoneme distribution of the IndoHINT, and the
Handbooks of Linguistics and Communication Science (in Germahtandbicher
zur Sprach- und KommunikationswissenschaflSK). These language-speci c ref-
erences used di erent methods of selecting the speech corpus. Soewito's distri-
bution based on 50,000 words recorded in public places (groceries, train stations,
0 ces, (junior and senior) high schools and universities) and news reading from
national radio and TV. HSK used the Indonesian dictionary as corpus. Abiratno
represented the phoneme distribution calculated from 750 test sentences.

Chi-square tests were performed to examine the relation between phoneme
distribution of INDMatrix and the language-speci c references. There was no
signi cant di erence found between the phoneme distribution of the INDMatrix
and the phonetically balanced word lists, the HSK, and the IndoHINT (? =
7:229 2=5:303 2=4:294 respectively).

3.2. Recording and generation of masking noise

The recording of the speech material and the generation of the masking noise was
conducted according to the procedure of Wagener et al. [Wagener et al., 1999c]
The recording session took place in a sound-attenuated room ful lling 1ISO
8253-3, 2012 in the House of Hearing (Haus des Hérens) at Marie-Curie-Straye 2
in Oldenburg on July 8", 2016. The recording was carried out using a Neumann
184 microphone with a cardioic characteristic (Georg Neumann GmbH, Berlin,
Germany) and a Fireface UC soundcard using a sampling rate of 44.1 kHz and
saved on a PC hard disc as *.wav- les, 32 bits, using Adobe Audition 2.0 (Adobe
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Figure 3.1.: Phoneme distribution of the Indonesian matrix test in comparison to
some Indonesian phoneme distribution references.

Systems Incorporated, San José, USA).

The speaker read 100 sentences at an intermediate speaking tempo 4 times. In
these 100 sentences, there were 10 realizations of each word from the base matrix
combined in a way that all possible transition to the following word were included,
l.e., each name was followed once by every verb, each verb is followed once by
every number, etc. The average speaking rate was about 127 wpm. The speaker
was asked to keep the same speech e ort during the whole recording session and
to avoid any exaggerated pronounciation, which could lead to unnatural speech
cues.

3.2.1. Speaker prole

The speaker, Anne Ilvana Samanhudi, chosen according to the ICRA recommen-
dation [Akeroyd et al., 2015] is a female, accent-free Indonesian native speaker,
25 years old, at the time of recording. The speaker grew up, attended school, and
worked in Jakarta. She nished her bachelor degree in psychology at the Univer-
sity of Indonesia, Depok. Depok belongs to one of the metropole regions of Java,
where most of the people speak Indonesian on a daily basis. The speaker is also
able to use one local language, but not as a native language and she admitted not
to use this language or any regional languages on a daily basis. This dialect was
used neither at school nor at home. By the time of recording, the speaker has
been living in Hamburg for less than 1 year. However, the Indonesian language is
still used in daily conversations with friends and family, so that the in uence of
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the local dialect as well as German accent on her Indonesian pronounciation can
be excluded. Another consideration was that Anne |. Samanhudi worked also as
a piano teacher for 6 years before studying in Hamburg, so it can be assumed
that she is trained to control the speed of speech and the intonation.

3.2.2. Cutting speech material

a I I
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Figure 3.2.: Example of cutting the words "Agus" and "membayar" pays). At
the transition, co-articulation to the word "membayar” was included
in the previous word "Agus". None of co-articulation of the word
"Agus" was included in "membayar".

The speech material was rst high-passed lItered with a cut-o frequency of
60Hz. The start and the end of the sentences were marked using the phonetic
software "Praat”. If the sentence started with fricatives, such as "s", the bound-
ary was placed directly at the sounds beginning. If the sentence started with
plosives like "p", "b", "d", or vowels like "a" or "e", the boundary was set about
20 ms before the sentence beginning. Using a script in the software "Praat”
the boundaries are automatically shifted to the nearest zero-crossing and using
MATLAB the recording was cut into sentences.

From several recordings of a given sentence, the best version was picked out,
considering pronounciation, tempo and intonation. The root mean square (RMS)
of the best version of all sentences was computed. The level of all sentences was
then set to the average RMS (-30 dB). The chosen 100 sentences were segmented
into ve single words. Cutting was done according to the procedure of [Wagener
et al., 1999c], i.e., the co-articulation was included at the end of the word but
avoided at the beginning of the word, as shown in Figure 3.2. This procedure
allowed a more natural sound, when it comes to resynthesize of new sentences. It
was also important to cut the words at the zero beginning to avoid clicking/clip-
ping sound: the word should start with Ophase and end with 18%hase. This
should avoid a clicking sound or any other undesired sound when generating new
sentences. Smacks or any other sounds which did not belong to the pronouncia-
tion of the word were cut o . Words which due to cutting and editing were not
good enough, were exchanged with another realization outside the 100 chosen
sentences.
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After cutting, 300 sentences were resynthesized. During the resynthesis, each
word has to be followed by the word of the matched co-articulation. For example:
the realization of word "membawa"” prings) recorded together with the word
"lima" ( ve) can be only followed by the word "lima" and not by any other
word. Within 300 sentences each word realization appeared three times. They
were grouped into lists of 10 sentences (in total 30 test lists), where one test list
included the whole speech material (50 words). Using MATLAB, overlaps of 0-37
ms (average: 1 ms) between the words were adjusted, so that the transition of
one word to the neighboring word sounded natural. All new generated sentences
were controlled by Sabine Hochmuth and Anna Warzybok.

In order to implement the sentences in the Software "Oldenburg Measurement
Applications” (OMA) from Hortech gGmbH, all stimuli (the generated sentences
and noise) had to be converted into 16 bits.

3.2.3. Test-specic noise
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Figure 3.3.: Long-term averaged spectrum of the interfering noise (grey solid line)
is very similar to the long-term averaged spectrum of the speech
material of INDMatrix (dashed line), because the noise is generated
by multiple superimposition of the speech material. The long-term
average spectrum of the Indonesian female speaker is compared to

female LTASS (dotted line) [Byrne et al., 1994].

The test-speci ¢ noise was generated, as recommended by [Kollmeier et al.,
2015] and [Akeroyd et al., 2015], by randomized superimposing the speech ma-
terial, with random initial delay and random delay of maximum 2 s between the
sentence repetitions. As a result of the superimposition, a speech-shaped noise
was generated. The long-term average spectrum matches the long-term average
spectrum of the entire speech material (see Figure 3.3). The superimposition was
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performed 30 times, so that no strong uctuation exists in the noise. The total
duration of the noise was 3 minutes. In this way, an optimal spectral masking
and a steep discrimination function can be achieved.

In comparison to the female long-term average speech spectrum (LTASS) [Byrne
et al., 1994], the fundamental frequencies of the Indonesian female speaker resem-
bled the fundamental frequencies of female LTASS. The RMS level of the middle
frequencies (ca. 1-2 kHz) of the Indonesian female speaker is up to 10 dB higher
than the corresponding RMS level of the female LTASS. In the low frequencies
(ca. 60-100 Hz), however, about 10 dB weaker.
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4. Optimization of Speech
Material

The aim of the optimization procedure was to obtain highest homogeneity of the
intelligibility among speech items. A reliable speech test is characterized by a high
slope of test-speci ¢ function. The higher the slope, the more precisely SRTs can
be estimated or speech intelligibility can be measured. The probabilistic model of
Kollmeier [Kollmeier, 1990] describes the test-speci ¢ cumulative discrimination
function Sspest @S @ convolution of the average item-speci ¢ intelligibility function
(in case of matrix test: average word-speci ¢ speech intelligibility function) and
the distribution of the word-speci ¢ SRTs, as shown in Figure 4.1.

Mean word-specific Distribution of the Test-specific
intelligibility function word-specific SRT intelligibility function
with S

Figure 4.1.: Probabilistic model according to Kollmeier, 1990 [Kollmeier, 1990],
to compute the slope of the test-speci c intelligibility function.

By de nition, there are two ways to obtain a steeper test-speci ¢ function:

1. Change the word-speci c slope, for example, by changing the speaker.
The higher the word-speci ¢ slope, the steeper the test-speci ¢ discrimina-
tion will be.

2. Narrow the SRT distribution, by applying level correction and adjust-
ing the realization level. The broader the distribution of the word-speci c
SRT, the atter the slope of the test-speci ¢ function becomes.

To simplify the calculation of the test-speci ¢ function, we assume that appli-
cation of level correction shifts the SRT, but does not change the word-speci c
slope. By adjusting the RMS level of speech items, i.e., the RMS level of less-
intelligible words will be increased and the sound level of better-intelligible words
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will be decreased, the standard deviation of the SRT distribution becomes smaller
and as the result, the slope of the test-speci ¢ discrimination function becomes
steeper.

According to the probabilistic model (Figure 4.3), the slope of the test-speci c
intelligibility function for the matrix test based on words of known word-speci ¢
intelligibility functions ( SRTyorq and Ssoworg) Can be approximated by formula
(4.1):

Ssomedian 4.1)

2 2
16850 median ___SRT

(In(2et=2  1+2el=4))2

S50test q

1+

where :

Ssomedian - the median slope of the word-speci c¢ intelligibility functions,

srT . the standard deviation of the word-speci ¢ SRTs across the words.

The equation 4.1 is slightly di erent from the original equation, like described
in [Warzybok et al., 2015b]. Due to the fact, that some realizations have a very
steep slope, the median of the word-speci ¢ slope is considered instead of the
mean of word-speci ¢ slope what leads to a better test-speci c approximation.
The word-speci ¢ intelligibility function ( Slyeq) can be described using the
logistic function (Equation 4.2):

1
1+ eXp(4850vvord (S RTword SN R))

Slword (SNR) = (4.2)
where SRT,,or¢ indicates the word-speci ¢ SRT in dB SNR andSsoorg indicates
the slope at theSRTyoq in dB ! (where 1 stands for 100%).

Speech intelligibility measurement can be understood as a binomial exper-
iment [Wesselkamp, 1994], where the number of correctly repeated words is
counted as 1 and the number of incorrectly repeated words is counted as O.
The parametersSRT,oq and Ssoworg are estimated in the equation 4.2 using
the maximume-likelihood method. Thus, the discrimination function is adjusted
to the data by varying the value of the slope and the SRT until the smallest
standard deviation is reached [Brand and Kollmeier, 2002].

To characterize the intelligibility function of each word realization, measure-
ments were executed at several xed SNRs which covered 0 to 100% of speech
intelligibility. The upper and lower boundary of SNRs were tested during a pi-
lot test. Between both boundaries, several SNRs are determined. The stepsize
should not be larger than3dB. According to Brand [Brand, 1998], at least 25
measured values between 20% and 50% of speech intelligibility and at least 25
measured values between 50% and 80% of speech intelligibility are necessary to
obtain a reliable logistic function of each realization.
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4.1. Participants
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Figure 4.2.: Average of the pure-tone threshold of 20 listeners participated in the
optimization measurement. Error bars indicate the standard devia-
tions across listeners.

For the optimization measurement 20 listeners (7 male, 13 female, average
age: 21.8 years) participated in the experiments conducted at the University of
Oldenburg, Campus Wechloy. The following requirements were ful lled by the
subjects:

1. Normal-hearing native Indonesian speaker
2. Born and grown up in Indonesia
3. Not older than 30 years old

4. Finished education until at least senior high school (secondary school) in
Indonesia

5. Living in Germany for less than 5 years.

All participants received payment for the measurements. The average pure-
tone thresholds of the listeners is shown in Figure 4.2. All thresholds did not
exceed 15 dB HL. Participants were also asked to Il in a questionnaire about
their language pro le (see Table 4.1).

There was no restriction of listener's place of origin, beside being born in In-
donesia. As shown in Figure 4.3, most listeners were coincidently born in the
island with the highest population density (Java).
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Table 4.1.: Optimization measurement listeners'

language pro le(N=20)

Variable Mean SD  Range
Age (years) 21.8 24 18-28
Gender (male/female)

Male N=7

Female N=13

Education

Senior high school N=17

Diploma N=0

Bachelor N=3

Duration of residence in Germany (years) 26 16 0.6-5.1
Age of language acquistion

Indonesian(N=20) 02 038 0-4.0
JavaneséN=5) 16 26 0-6.0
SundaneséN=2) 6.5 0.7 6.0-7.0
English(N=2) 135 2.1 12.0-15.0
Khek(N=1) 0 0
Daily exposure of native languages before DE-residence (%)

Indonesian(N=20) 86 16  50-100
Other language$N=9) 20 15 2-50
Daily exposure of native languages during DE-residence (%)

Indonesian(N=20) 56 21 20-90
Other language$N=9) 7 6 0-20
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.....
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Figure 4.3.. Demography of listeners' place of birth (N=20). The pins point to
cities where listeners were born and the number on the pin represents
the number of listeners born in the city. Maps: maps.google.com.

4.2. Material and methods

The optimization measurements were executed in a sound-attenuated booth ful-
lled DIN ISO 8253-1/DIN EN 26189/ISO 6189 (the international standard for
audiometry) in the Nessy Building, University of Oldenburg, Campus Wechloy.
The speech stimuli were presented monaurally over free- eld equalized audio-
metric headphones (Sennheiser HDA 200) through a mobile audiometer with
an integrated soundcard (ear 3.0 from AURITEC GmbH). The measurements
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were administered using the Oldenburg Measurement Application software from
HorTech gGmbH. The measurement setup was calibrated to dB SPL with an arti-
cial ear from Bruel&Kjeer (B&K) Type 4153, a B&K 4134 0.5-inch microphone,

a B&K 2669 preampli er and a B&K 2610 measuring ampli er. The calibration

of the system used the test-speci ¢ noise generated from the INDMatrix speech
material. The speech signal and the test-speci ¢ noise were calibrated digitally to
same overall level (80 dB SPL). An SNR of 0 dB means the noise and the speech
signal have the same digital long-term RMS level. Breaks between sentences were
not taken into account for the calculation.

All participants were rstly measured with pure-tone audiometry to conrm
that the pure-tone threshold did not exceed 15 dB HL at third-octave frequencies
from 125 to 8000 Hz.

For simpli cation and time e ciency, 30 test lists of 10 sentences were combined
into 10 test lists of 30 sentences for the optimization measurements. However, the
analyses were done for test lists of 10 sentences. Every participant was trained
with two test lists: the rst one was presented in quiet of a speech level of 60
dB SPL and the second one was presented in noise at a xed SNR of -4 dB. The
noise level was set to 65 dB SPL. The data from the training lists were discarded
from the assessment.

Based on the pilot study with one listener and randomly selected lists, 0% and
100% of speech intelligibility was reached at -15 and 0 dB SNR, respectively, when
measured at xed SNR with noise level of 65 dB SPL. To ensure that all speech
intelligibility from 0 to 100% is covered for all listeners and all speech items, the
dB SNR-range was xed from -20 to 2.5 dB SNR with a stepsize of 2.5 dB. Ten
measurement points for every listener: -20, -17.5, -15, -12.5, -10, -7.5, -5, -2.5,
0, 2.5 dB SNR. Each listener was measured once at each SNR and each test list
was presented only once to the listener. The test lists presented to one listener
were randomized in such a way that after ten listeners every test list has been
measured once at all 10 SNRs. This yielded to the same number of measurement
point of every word realization.

All lists including training were executed using an open-set response format.
The optimization measurement took about 1.5 hours per listener.

4.3. Results

The word-speci c intelligibility function is plotted for every word realization. The
psychometric curve is tted to the distribution of the correct or incorrect answer.
In Figure 4.4, the distribution of the correct answer is shown by the upside-down
histogram and the distribution of the incorrect answer is shown by the (normal,
upwards-directed) histogram. Psychometric curves of all realizations are shown
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Figure 4.4.. Word-speci c intelligibility function for all realizations of the word
"kotor" ( engdirty).

in Section E. As an example, all realizations of the word "kotor" are shown in
Figure 4.4. For the word realization e6d9, an adequate t of the psychometric
curve is not possible. The SRT of e6d9 shows a large discrepancy to the median
SRT across all realizations. Based on these two reasons, e6d9, as well as e8d1
and e8d8 were excluded from the calculation.

o0

o
@

Figure 4.5.: SRT of every word realization obtained from the optimization mea-
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All test lists that contained the excluded word realizations were excluded from
the nal speech material. By that, 22 out of 30 test lists of 10 sentences with 485
word realizations remained. This resulted according to the probabilistic model
[Kollmeier, 1990] in a test-speci ¢ SRT and slope of -8.6 dB SNR and 13.4%/dB,
respectively.

-4 T T

before optimization, 500 words
before optimization, 485 words |
after optimization, 485 words

SRT/dB SNR
[o¢]
T
—a—
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—_—
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-B—
= —
|

-10 + 11 [11]

_12 L 1 1 1 1
Name Verb Number Noun Adjective

Word groups

Figure 4.6.: Results of the optimization measurement presented as mean value
of the SRTs of each word group. The error bars show the standard
deviation of the SRT. Black represents SRT of the word group before
the optimization including 500 realizations. Blue represents SRT of
the word group after exclusions of some realizations. Red represents
SRT of the word group after level adjustment with 485 remaining
realizations.

The SRT of all word realizations are shown in Figure 4.5. The respective SRT
is plotted against the corresponding representation of each word group. Figure
4.6 shows the mean value of the SRT of each word group with standard deviation
(SD) before and after optimization (after application of level correction of 3
dB). The adjectives are more less-intelligible than the other word groups and the
names are the most intelligible. With increasing SRT from names to adjectives,
there is a tendency that the sentences were pronounced gradually softer. The
black squares and error bars represent the mean SRT and SD across all word
realizations within a word group obtained from the optimization measurements.
The blue squares and bars represent the mean SRT and SD of word groups after
word exclusion, and the red squares and bars represent the mean SRT and SD
of word groups after level correction limited to 3 dB. The exact values from
Figure 4.6 as well as the corresponding values for slope are summarized in Table
4.2.
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Table 4.2.: SRT and slope of each word group before and after optimization.

Before Optimization-500 words

Before Optimization-485 words

After Optimization-485 Words

Word Group Ss0[%/dB] SRT[dB SNR] Ss0[%/dB] SRT[dB SNR] Sso [%/dB] SRT[dB SNR]
Median SD Mean SD Median SD Mean SD Median SD Mean SD
Names 15.8 103.7 -10.0 1.9 16.8 105.7 -10.0 1.9 16.8 105.7 -8.8 0.5
Verbs 21.3 130.6 -9.5 1.7 21.3 130.4 -9.7 1.7 21.3 130.4 -8.8 0.6
Numbers 21.3 145.2 -8.9 1.3 21.3 146.5 -8.9 1.3 21.3 146.5 -8.6 0.1
Nouns 21.3 158.8 -7.9 2.0 21.3 161.1 -7.9 2.0 21.3 161.1 -8.4 0.6
Adjectives 20.0 92.6 -6.2 2.2 18.8 90.0 -6.4 2.0 18.8 90.0 -8.2 0.8
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Figure 4.7.: Test-speci c intelligibility function obtained from the optimization

measurement (blue line). The predicted test-speci c intelligibility
function according to the probabilistic model [Kollmeier, 1990] with
maximal adaptation/correction level of 2dB (red line),
low), and 4 dB (purple).
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Figure 4.8.: Distribution of word-speci ¢ SRTs before and after optimization.

To increase the steepness of the test-speci ¢ intelligibility function and to op-
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timize the homogeneity, the level of each word realization was adjusted towards
the mean value of the SRT across speech items obtained from the optimization
measurement (-8.6 dB). A maximal correction levell(.,) of 3 dB was chosen
to obtain a high slope according to the probabilistic model and natural sound
of the speech, at the same time. Figure 4.7 shows the predicted test-speci ¢ in-
telligibility function according to the probabilistic model [Kollmeier, 1990] with

di erent maximal correction levels and in Table 4.3 the corresponding predicted
test-speci ¢ SRTs and slopes.

Table 4.3.: Probability model [Kollmeier, 1990] to predicted test-speci ¢ SRT and
slope after optimization.

Optimization SRT [dB SNR]  Ssptest [%/dB]

Before optimization -8.6 2.2 13.4
2 dB adaptation -85 1.0 18.0
3 dB adaptation -8.6 0.6 19.3
4 dB adaptation -8.6 0.3 20.0

The optimization of the speech material due to level adjustment decreased
the standard deviation from 2.2 dB to 0.6 dB (see Figure 4.8), i.e., the SRT
distribution bell curve becomes shallower. This yielded a steeper predicted test-
speci c intelligibility function with Ssgest iNcreased to 19.3%/dB (see Figure 4.7,
yellow line).
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5. Evaluation

The goals of the evaluation measurements were the establishment of reference
SRT values for normal-hearing listeners, the veri cation of the properties of the
optimized speech material, the assessment of test list equivalence, the examination
of training e ect, the investigation of the test-retest reliability, open and closed-
set format, and the investigation of applicability of the test for measurements
with bilingual listeners of the Indonesian language. Beside that the benet of
listening between the gaps was analyzed by measuring SRT in uctuating noise.
In the previous section 4, the test-speci c intelligibility function with the pa-
rameters SRTsq, Of -8.5 dB SNR andSsq, of 19.3%/dB was predicted according
to the probabilistic model of [Kollmeier, 1990]. If the correction level ., Were
determined and applied correctly, the remeasured test-speci c intelligibility func-
tion with the optimized speech material should be equal or close to the predicted
test-speci c intelligibility function [Ozimek et al., 2010].

5.1. Participants
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Figure 5.1.: Pure-tone threshold averaged across 25 listeners participating in the
evaluation measurement (black squares). The average of pure-tone
threshold is plotted separately for listeners in Oldenburg (gray circles)
and listeners in Bandung (gray triangles).
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The evaluation measurement involved the measurement sites: the University
of Oldenburg and the A. Kasoem Hearing and Speech Center in Bandung. For
the measurements, the A. Kasoem Hearing and Speech Center accepted the same
ethical approval as used for measurements in Oldenburg. In total, 25 NH lis-
teners participated in this measurement N oigenburg =11, Npandung =14). Partici-
pants should ful Il the following requirements: normal-hearing Indonesian native
speaker, born and grown up in Indonesia, not older than 32 years old, at least n-
ished senior high school in Indonesia, less than 5-year long stay in Germany/other
foreign countries. Due to the di culty of nding Indonesian participants in Old-
enburg, one participant who has stayed for 9 years in Germany was included in
the measurement.

Eventhough the pure-tone audiometry setup in Oldenburg and Bandung was
not the same, all participants were measured by the same instructor. The average
of the pure-tone audiogram across all 25 participants is shown in Figure 5.1 (black
line). Average pure-tone audiograms are also plotted separately for participants in
Oldenburg (gray circles) and in Bandung (gray triangles). As in the optimization
measurements, the participants were asked to |l in a questionnaire about their
language pro le (see Table 5.1). The average age of all listeners was 24.4 years
(male: 14, female: 11). There was no restriction of participants' place of origin as
shown in Figure 5.2. All participants received incentive according to cooperation
partners' policy.
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Figure 5.2.: Demography of evaluation measurement listeners' place of birth
(N=25). The pins point to cities listeners were born and the number
inside the pin represents the number of listeners born in the city.
Image: maps.google.com.

5.2. Material and methods

The evaluation measurements in Oldenburg were executed in the same sound-
attenuated booth as during the optimization measurements. The measurements
in Bandung were executed in two sound-attenuated booths, as shown in Figure
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Table 5.1.: Evaluation measurement listeners' language pro le (N=25)

Variable Mean SD Range
Age (years) 244 2.7 20-32
Gender (male/female)

Male N=14

Female N=11

Education

Senior high school N=14

Bachelor N=9

Master N=2

Duration of residence in Germany, N=11 (years) 4.0 1.9 2.1-9.1

Age of native language acquistion
Indonesian(N=25) 0.8 1.9 0-6.0

Javanes€N=3) 0 0 0
Sundanes¢N=>5) 1 2.2 0-5.0
Balinese(N=1) 0 - 0
English(N=1) 6 - 6
Manadones€N=1) 0 - 0
Mandarin (N=1) 12 - 12
JapaneséN=1) 22 - 22
Karo (N=1) 6 - 6
Daily exposure of native languages (%)

Indonesian(N=25) 80.2 24.6 10.0-100.0
Javanes€N=3) 31.7 7.6 25.0-40.0
SundaneséN=5) 48.0 45 40.0-50.0
Other language$N=6) 257 33.6 0-100.0

5.3. Due to the availability of the room, most of the measurement took place in
booth 5.3a.

(b)

Figure 5.3.: Two rooms used for the measurements in the A. Kasoem Hearing
and Speech Center, Bandung. Room 5.3a is used normally for au-
ditory behavior observation (pure-tone audiometry with small chil-
dren). Room 5.3b is used for hearing-aid consultation and tting.

41



The measurement setup in Oldenburg was the same as for the previous measure-
ments (see Section 4.2). For the measurements in Indonesia a mobile setup was
used including a laptop with the software Oldenburg Measurement Application
from Hortech gGmbH, Sennheiser Headphones HDA200, and a mobile audiometer
ear3.0 from AURITEC GmbH. Both setups were calibrated in the same manner
as in the optimization measurements with the same calibration equipment and
procedure.

For the evaluation measurements, 22 test lists of 10 sentences available af-
ter optimization were merged into 11 test lists of 20 sentences. In the test list
equivalence measurement, each test list was adaptively measured in an open-
set response format at two thresholds corresponding to 20% and 80% of speech
intelligibility ( SRT,, and SRTgy , respectively, pair of compromise [Brand and
Kollmeier, 2002]). Each listener performed each test list at both threshold(22 test
measurements each with 20 sentences) to estimate list-speci ¢ SRTs &g. To
avoid fatigue the test list equivalence measurements were divided into 2 sessions
on 2 di erent days. The di erence between the rst and the second session var-
led from 1 day to 1.5 weeks. At the beginning of the rst session, every listener
was measured with pure-tone audiometry to con rm that the pure-tone average
(PTA) from the octaves between 0.5 and 4 kHz did not exceed 20 dB HL. All
stimuli were presented monaurally on the better ear.

The noise level was set to 65 dB SPL for all listeners. After pure-tone au-
diometry, one training list was performed using the closed-set response format
at a xed SNR of 0 dB (Training 1). Afterwards, three test lists were measured
using adaptive level control to reach 50% speech intelligibility with the open-set
response format (Training 2, 3, and 4). Half of the test list equivalence measure-
ments as described above (11 measurements in a randomized order) closed the
rst session.

The second session started with one training list in a closed-set response for-
mat at a xed SNR of 0 dB (Training 5), continued with one list adaptively
measured in an open-set response format (Training 6), one list adaptively mea-
sured in a closed-set response format, one list adaptively measured in quiet and
one list adaptively measured in uctuating noise (ICRA5-250 as used in Wagener
et al. [Wagener et al.,, 2006]). Then the other half of the test list equivalence
measurement was executed (11 measurements in randomized order).

42



5.3. Results

Test list equivalence and reference data

The analysis was done for lists of 10 sentences, i.e., 22 test lists of 10 sentences.
As mentioned in the previous section, each test list was measured at 2 thresholds
(SRT,o ans SRTgy). One sentence presented at a certain SNR was considered
as one measurement point and its SI was obtained from the number of correctly
repeated words in the respective sentence. This means, for each test list 20
measurement points were obtained for each listener. A reliable t of list-specic
intelligibility function could be obtained when 500 measurement points obtained
from all 25 listeners were combined together (Figure 5.4a). List-specic SRTs
and Sso are shown in Table 5.2. Test-specic SRT of -9.1 0.2 dB SNR (SD
across test lists) and test-speci ¢ slope of 14.4 0.9 %/dB (SD across lists) were
calculated as the average of the list-speci ¢ SRTs and slopes, respectively.
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Figure 5.4.: (5.4a) List-speci c intelligibility function of test list (TL) no. 11
tted to 500 points obtained from all listeners. (5.4b) List-specic
intelligibility functions for all remaining test lists are represented by
solid colored lines, test-speci c intelligibility function is depicted by
black dashed line.

In order to proof statistically that all test lists were equal in intelligibility,
individual results were taken into account, i.e., a listener- and list-speci c intelli-
gibility function was tted based on 20 points obtained from a given listener for
each test list (see Figure 5.5). List-speci ¢ SRTs and slopes were averaged across
the 25 individually tted SRTs and slopes are shown in Figure 5.6. A one-way
repeated measures ANOVA applied on these data revealed a signi cant e ect of
test lists (F(21,504)=3.459, p<0.001). According to pairwise comparisons (see
Appendix F), test list no. 7 and no. 10 di ered signi cantly from the remaining
lists and were therefore excluded from the INDMatrix. The list-speci ¢ functions
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Figure 5.5.: An example of individually tted list-speci c discrimination functions
(here from list no. 11). These functions were used for the statistical
analysis.

of the 20 remaining test lists of 10 sentences are shown in Figure 5.4b. After
exclusion of two test lists, the test-speci ¢ SRT remained the same, SD across
test lists decreased from 0.2 to 0.1 dB. The new test-speci ¢ slope was 1419
%/dB (SD across test lists).

Training e ect

Average SRTs across listeners of the adaptively measured training lists are shown
in Figure 5.7. Black squares represent the average SRTs measured in Oldenburg,
gray circles represent the average SRTs measured in Bandung. Training 1 and 5
are not included into the plot due to presentation of these lists at a xed SNR.
Training 2 to training 4 were obtained during the rst measurement session,
while training 6 was obtained during the second session. In addition, the test-
speci ¢ SRT is shown, which was obtained from the list-equivalence measurements
(SRTeval)- In training 6, listeners were better trained due to 11 measurements
of test list equivalence that were executed after training 4 in the rst session.
Average SRT of training 2 and 4 di er about 0.5 dB SNR. Between training 4 and
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Figure 5.6.: Mean SRT (upper panel) and and slop&s, (lower panel) across
listeners for each test list. Error bars indicate standard deviations
across listeners.
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Figure 5.7.: Average SRTs of the training lists (Training 2-6 on the X-Axis) across
listeners in Oldenburg (black squares) and in Bandung (gray circles)
in comparison to the test-speci ¢ SRT obtained from the test list
equivalence measurementSRTey 4

6, there is also a SRT di erence of about 0.8 dB SNR. However, when listeners
are well-trained, the SRT of the training list (see training 6) andSRTe,, are
similar.

A two-way repeated measures ANOVA was performed on the adaptively mea-
sured training data with training as within-subject factor and measurement place
as between-subjects factor. The ANOVA revealed a signi cant e ect of training
(F(3,69)= 40.100, p<0.001), but no interaction between training lists and mea-
surement places (p=0.979) was found. No signi cant di erence between measure-
ments in Oldenburg and Bandung (p=0.836) was found in the measurement. To
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Table 5.2.: Test list-speci ¢ SRTs and slope$so based on pooled Sl data of all
listeners for each list.

Test list no. SRT [dB SNR] Ssg [%/dB]

1 9.1 14.00
2 9.1 13.93
3 -9.0 12.28
4 -9.3 13.69
5 -9.2 14.48
6 -8.9 14.42
7 -8.7 14.49
8 -9.2 12.96
9 -8.9 13.59
10 -9.6 13.50
11 -9.0 14.27
12 9.1 13.90
13 -9.2 16.11
14 -8.9 14.86
15 -9.3 14.92
16 9.1 15.58
17 9.1 16.20
18 -8.9 15.38
19 9.1 14.69
20 -9.3 14.70
21 -9.0 14.85
22 -9.0 14.60
Average 9.1 0.2 144 0.9

determine which training lists di ered in SRT, multiple pairwise comparisons were
done with Bonferroni correction. Signi cant di erences were found between train-
ing 2 and 4 (p<0.001), training 2 and 6 (p<0.001), training 3 and 6 (p<0.001),
and training 4 and 6 (p<0.001).

A lot of lists would be required to be able to reactBRTe,, Of -9.1 dB SNR.
Therefore, the NH reference value for the adaptive measurements for clinical
purpose of -8.2 0.8 dB SNR (SD across listeners) was calculated as the average
of training 3 and training 4.

Test-Retest Reliability

In Figure 5.8, SRT measured in noiseSRTy ) between the rst (on X-Axis) and
the second (on Y-Axis) session is compared. From the rst session, the average
SRT of training 3 and 4 is calculated for each listener and denoted aSRTy
Test". From the second session, the SRT of training 6 is denoted aSRTy
Retest". The gray solid line is a reference line with a slope of 1. The gray dashed
line represents the bias/deviation of the correlated data of the reference line (0.9
dB). There is a signi cant correlation betweenSRTy Test and SRTy Retest
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(R?=0.51, p<0.0001).
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Figure 5.8.: SRT in noise for test §RTy Test) compared to retest SRT ERTy

Retest).

Jansen et al. [Jansen et al., 2012] de ned test-retest reliability as the root mean
square of the within-subject standard deviations of repeatedly measured adaptive
SRTs. Intheir study, all training lists were obtained within one session. According
to this de nition and avoiding the training e ect, i.e., excluding the rst two
measurements, only training 3 and training 4 would be taken into account. The
within-subject variability of 0.4 dB was found. By adding training 6 into the
calculation (test-retest on di erent days), within-subject variability increased to

0.7 dB.
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Figure 5.9.: Mean and SD of SRT for open and closed-set response format.
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Figure 5.9 shows the average SRTs across listeners using the open-set (training
6) and closed-set response format. The error bars represent the corresponding
standard deviation of the SRT. The average SRT was 0.7 dB higher using the
open-set response format than when the closed-set response format was used.
A one-way repeated measures ANOVA indicated a signi cant e ect of response
format (F(1,24)=42.267, p<0.001).

Mono- and bilingual listeners
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Figure 5.10.: The average and SD of SRT for speech intelligibility measurement in
quiet, test-speci ¢ noise T SNiyp ), and modulated noise (ICRA5-
250) for mono- (circles) and bilingual (squares) listeners.

In order to evaluate the applicability of the INDMatrix on bilingual listeners,
listeners were divided into 2 groups based on the questionnaire: monolingual
(Nmonotinguat =13) and bilingual (Npjinguat =12) listeners. Monolingual listeners
were de ned as those who reported to use Indonesian as native language only.
Bilingual listeners were de ned as those who reported to have another native
language (regional or foreign) besides Indonesian. All bilingual listeners reported
6 years of age as latest age of acquisition of the Indonesian language (see Table
5.1).

Mean SRTs of speech intelligibility measurement in quiet, stationary noise
(T SNinp ), and modulated noise (ICRA5-250) are presented in Figure 5.10. SRTs
of monolingual listeners are indicated by circles and SRTs of bilingual listeners
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by squares. Error bars represent the standard deviations across listeners. A
statistical analysis of SRTs measured in quiet] SNjyp and ICRA5-250 using
two-way repeated measures ANOVA revealed a signi cant e ect of the SRTs
(F(2,46)=3554.270, p<0.001). Multivariate test revealed no correlation between
SRT and type of listeners (monolingual or bilingual, F(2,22)=1.920, p=0.170).
Multiple pairwise comparisons with Bonferroni correction indicated no signi -
cant SRT di erence between monolingual and bilingual listeners (F(1,23)=0.217,
p=0.646).
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6. Clinical Validation

The aim of the clinical validation was to validate the INDMatrix test with HI
listeners, and compare their performance to pure-tone audiogram and the phonet-
ically balanced word lists in terms of test speci city and sensitivity. Sensitivity is
de ned as the ability of the test to correctly identify patients with disease, while
speci city de nes the test ability to correctly identify patients without disease,

in this case: hearing loss. Beside that, benet of "listening between the gaps”
measured in modulation noise (ICRA5-250) for HI listeners was observed.

6.1. Participants
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Figure 6.1.: Average thresholds of all validation measurement listeners are pre-
sented by black circles. Average thresholds of 7 listeners measured in
Bandung are presented by gray squares and average thresholds of 16
listeners measured in Jakarta by gray triangles. Error bars represent
standard deviations across listeners.

Twenty three patients with sensorineural hearing loss(SNHL) participated in
the validation measurements in two citites of IndonesiaNgandung =7, Njakarta =16).
All patients were older than 18 years. Complications besides SNHL, for example:
tinnitus, otitis media, conductive hearing loss, etc. were allowed for the mea-
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surements. Patients with severe and profound HL were not included in the test
because the OMA software only allowed noise signal presentation at maximum
of 90 dB for stationary noise T SN;yp )and at maximum of 85 dB for modulated
noise (ICRA5-250). Listeners were those who diagnosed with SNHL during the
clinical ENT-diagnostics. Some listeners were invited by the clinical partners for
this study. Pure-tone audiograms from all SNHL-listeners are shown in Figure
6.1. The thin solid colored lines represent the individual thresholds of the mea-
sured ear. The circles connected by a black solid line and the error bars represent
the pure tone audiogram averaged across all listeners and the corresponding SD,
respectively. The triangles connected by the gray solid line represent the average
of listeners in Jakarta, the squares connected by the gray dashed line the average
of listeners in Bandung. Pure-tone audiograms were measured by the audiome-
tricians working at the measurement sites. The hearing level average from each
meaurement site did not di er from the overall average. Listeners were asked to
ful Il a questionnaire about their language pro le and hearing loss history. Ta-
ble 6.1 shows the listeners' pro le for the validation measurement. All listeners
con rmed that they have not had any ear surgery before. Figure 6.2 shows the
distribution of the birth place of listeners participating in the validation study.

All subjects received incentive according to the policy from each measurement
site.

Indonesien

. Makasae
“ ’ . Papua-Neuguinea .|
Bandung vk
WEAT WuZA e e b

Figure 6.2.: Demography of place of birth of listeners participating in the valida-
tion measurements (N=23). The pins point to cities listeners were
born and the number inside the pin represents the number of listeners
born in the responding city. Image: maps.google.com

6.2. Material and methods

The validation measurements took place in Bandung at the A. Kasoem Hear-
ing and Speech Center and in Jakarta at the Cipto Mangunkusumo General
Hospital. The ethical approval for the measurements at Cipto Mangunkusumo
General Hospital can be seen in Appendix D. The validation measurements in
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Table 6.1.: Pro le of validation measurement listeners (N=23).

Variable Mean SD Range
Age (years) 56.3 15.0 19-72
Gender (male/female)

Male N=11

Female N=12

Education

Elementary school N=2

Junior high school N=1

Senior high school N=10

Diploma N=2

Bachelor N=6

Master N=1

Doctoral N=1

Occupation

Student N=1

Employee N=4

Housewife N=6

Teacher N=1

Retiree N=6

Entrepreneur N=5

Daily exposure of native languages (%)

Indonesian(N=23) 69.8 23.0 25.0-100.0
JavanesgN=5) 31.0 182 5.0-50.0
Sundanes¢N=6) 525 21.6 25.0-75.0
BataknesgN=3) 26.7 20.8 10.0-50.0
PadangneséN=2) 275 31.8 5.0-50.0
Other languagegN=4) 225 5.0 20.0-30.0
Age of hearing aids (years)

Bilateral (N=1) 1 - 1
Right ear HA(N=4) 75 123 1.0-26.0
Left ear HA(N=0) 0 0

Bandung were executed in the same sound-attenuated booth as in the evaluation
measurements (Figure 5.3a). In Jakarta, the measurements were executed in a
sound-attenuated booth ful lling DIN ISO 8253-1/ DIN EN 26189/ ISO 6189, as
shown in Figure 6.3. The measurement setup was the same as explained in the
evaluation measurements (Section 5.2).

For the validation measurement, lists of 20 sentences were used. Before mea-
surements began, the individual thresholds were considered to set the noise level.
For listeners with PTA (Pure-Tone Average: average threshold of hearing level at
0.5, 1, 2, and 4 kHz) smaller than 45 dB HL, the noise level was set to 65 dB SPL.
In opposite to the validation of the German matrix test [Wardenga et al., 2015],
noise level was individually increased for listeners, whose PTA was higher than
45 dB HL. The increased noise level was presented through the headphones to
the listener before the training session to adjust the noise level to a comfortable
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Figure 6.3.: Measurement room used in Cipto Mangunkusumo General Hospital.
This room is normally used for balance tests and tympanometry.

level, if necessary. This was done to ensure that the sentences were masked by
the test-speci ¢ noise.

The measurement began with two training lists. The rst one was presented
in a closed-set response format at xed SNR of 2 dB and the second one was
presented adaptively to reach 50% speech intelligibility (SRT). The measurement
itself consisted of one test list presented in the test-speci ¢ noise, one test list
presented in quiet and one test list presented in modulated noise (ICRA5-250,
[Dreschler et al., 2001], [Wagener et al., 2006]) (see Section A.3). These three
lists were presented adaptively to reach 50% speech intelligibility in an open-
set response format. The validation measurement session (without pure-tone
audiometry) took about 30 minutes. The order of measurements was the same
for all listeners. However, the choice of the test lists was randomized. All listeners
completed the speech intelligibility measurements in test-speci ¢ noise, but only
19 out of 23 listeners nished the tasks completely. Twenty subjects nished until
speech intelligibility measurement in quiet.

For listeners who were not used to use computer, a laminated printed screenshot
of the base matrix was handed out to the listener as a subtitute of a closed-set
response format on a desktop. The listener's task was to repeat the presented
sentence or understandable words to the instructor. The instructor faced the
screen with the closed-format INDMatrix and selected the words repeated by the
subjects. If the training list in closed-set response format was not possible, for
example: due to vision problem, training list was executed in open-set response
format.

Beside the measurements with INDMatrix, the SRT of other speech audiomet-
ric tests in quiet and in noise of each listener (if available and not older than 2
months) was noted in the validation measurement report (see Section A.3). Both
measurement sites used the phonetically balanced word lists of Soewito (1985)
for speech intelligibility measurements in quiet. No speech intelligibility measure-
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ments in noise were applied in the clinics at the time of the measurements.

6.3. Results

Correlation between INDMatrix and pure-tone audiometry
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Figure 6.4.: The left panel represents SRTs measured in qui&GRTg) as a func-
tion of the PTA of 4 octave-frequencies (0.5, 1, 2, and 4 kHz). The
right panel represents SRTs measured in test-speci ¢ nois8RTy)
as function of SRTs in quiet. The lled circles represent HlI listen-
ers. The unlled circles represent NH listeners. The dashed lines
indicate the regression line across all listeners (NH and HI) with the
correspondingR?. The diagonal dashed-dotted lines indicate the re-
gression line across Hl listeners with the correspondifiRf, . The ref-
erence area ( lled area) refers to the average SRT (horizontal dashed
line) of -8.2 dB SNR 2x SD across listeners (0.8 dB SNR) obtained

from the evaluation measurements.

The left panel in Figure 6.4 represents the correlation between measured SRT
in quiet (SRTy) and the pure-tone average (PTA) of 4 octave-frequencies (0.5,
1, 2, and 4 kHz). The lled circles represent HI listeners. The un lled circles
represent data of NH listeners. There was a strong and signi cant correlation
found between speech intelligibility in quiet and the PTA R? = 0.87) among all
listeners. This correlation decreased to 0.7 when observing only HI listeners. The
right panel of Figure 6.4 shows the correlation between measured SRT in the test-
speci ¢ noise SRTy) and in quiet (SRTg). The reference area was established
based on the evaluation measurement as mean SRT (-8.2 dB SNR, horizontal
dashed line) 2x SD (0.8 dB SNR) among NH listeners (see Section 5.3, Training
e ect, for details). The correlation between measurements in noise and in quiet
among all listeners was lowerR? = 0.62) than the correlation between PTA and
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measurement in quiet, but still signi cant (p<0.0001). Analyzing the data of HI
listeners only, there was also no correlation between SRTs measured in noise and
in quiet (R? = 0.15, p=0.0882).

Table 6.2.: Results of PTA, SRT measurements in quiet and in the test-specic
noise using the INDMatrix for NH and HI listeners.

NH listeners HI listeners

Pure-tone Average / PTA [dB HL] N=25 N=23
Average 5.2 45.9
SD 6.6 16.7
Range -7.5-175 25 - 83.8
INDMatrix in quiet [dB SPL] N=25 N=20
Average 15.2 49.3
SD 3.1 17.5
Range 10.1-219 195-852
INDMatrix in noise [dB SNR] N=25 N=23
Average -8.1 -3.4
SD 0.7 2.6
Range -9.4 - -7 -6.9-4.2

Table 6.2 shows the results of PTA, INDMatrix measurements in quiet, and
INDMatrix measurements in noise between NH and HI listeners. HI listeners
showed higher averages (PTA and SRTs), larger SD, and wider range at all mea-
surements than NH listeners.

Test sensitivity and speci city

In Figure 6.5, SRTs in noise $RTy) are shown as a function of PTA for all
listeners. Un lled circles refer to 25 NH listeners. Filled circles refer to 23 Hi
listeners. The horizontal dashed line represents the upper bound of the reference
area (average SRT + 2x SD) equal to -6.7 dB (see Figure 6.4, right panel). The
vertical dashed line refers to the maximal hearing threshold according to WHO's
de nition of normal hearing [WHO, 2017], i.e. 25 dB HL. Both the vertical and
horizontal lines devide the plot into four areas. The ratio between lled circles
in the top right area (N=21) and all HI listeners (N=23) points out the test
sensitivity (91.3%). The ratio between un lled dots (N=25) in the bottom left
area and all NH listeners (N=25) points out the test speci city (100%).

Correlation between INDMatrix and phonetically balanced
word lists

In Figure 6.6, SRTs in quiet SRTy) measured with the INDMatrix are compared
to SRTs in quiet (SRTy) measured with the phonetically balanced lists. The
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Figure 6.5.: SRT measurements in noise are plotted as a function of PTA to de-
termine test sensitivity and speci city. Un lled circles represent the
NH listeners. Filled circles represent the Hl listeners. The test speci-
city is calculated as the ratio of the number of unlled circles in
the bottom left area to the number of all un lled circles. The test
sensitivity is calculated as the ratio of the number of lled circles in
the top right area to the number of all lled circles.

diagonal solid line is the reference ling = x (slope = 1). If all points are
on the diagonal, there is no di erence between SRT in quiet measured with the
INDMatrix and the phonetically balanced lists. A strong correlation R? = 0:93)
was found for SRTs in quiet measured with the INDMatrix and the phonetically
balanced lists. A bias of 8.7 dB from the reference line (dashed line) indicated
an 8.7 dB higher SRT in quiet measured with the INDMatrix than with the
phonetically balanced word lists.

90
R?=0.93
. .
80 Bias =8.7 dB
-
o
@70
[as]
-
Z
£
T 60 .
=
a
=
=}
— L ]
£ 50
0 ™
awp ®
30
30 40 50 60 70 80 90

SRT, Gama List / dB SPL

Figure 6.6.: Comparison of two speech intelligibility tests (INDMatrix and new
phonetically balanced list) in quiet.
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Figure 6.7.: Modulation bene t for NH listeners (left panel) and HI listeners (right
panel). Average SRT of each measurement site is plotted separately.

In order to observe the modulation bene t, the average SRT measured in the
stationary test-speci ¢ noise T SN;yp ) was compared to the average SRT mea-
sured in modulated noise (ICRA5-250). In Figure 6.7, the left panel shows av-
erage SRT of measurements in stationary and modulated noise for NH listeners,
the right panel for HI listeners. Average SRTs are plotted separately for every
measurement site. Circles represent the measurements in Oldenburg. Squares
represent the measurements in Bandung. Triangles reprensent measurements in
Jakarta. The SRTs measured in the stationary test-speci ¢ noisel(SN,yp ) and
in modulated noise (ICRA5-250) for NH listeners as well as the SRTs measured
in the test-speci ¢ noise for HI listeners were very similar between measurement
sites. The di erence between SRT measurements in modulated noise for HI lis-
teners in Bandung and Jakarta was larger. However, a one-way repeated mea-
sures ANOVA revealed no signi cant e ect between SRTs and measurement sites
(Bandung and Jakarta, F(2,34)=0.955, p=0.395). No signi cant SRT di erence
was found between the measurement sites (Bandung and Jakarta, F(1,17)=0.940,
p=0.346).

The benet in modulated noise compared to stationary noise was larger for
NH listeners than for Hl listeners (16.3 1.3 dB SNR and 5.5 3.3 dB SNR,
respectively). SD across listeners in the modulated noise condition was larger
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(SDg4;:9.9 dB, SDyy : 1.7 dB, SDy, :6.6 dB) than in the stationary noise con-
dition (SDg;:3.0 dB, SDyy @ 0.9 dB, SDy, :2.2 dB). HI listeners' ability of "lis-
tening in the gaps" was not only worse than for NH listeners but also can be
considered as unpredictable due to the large SD. A two-way repeated measures
ANOVA was performed with the SRTs in stationary and modulated noise as
within-subject factor and type of listeners (NH or HI) as between-subjects factor.
The ANOVA proofed a signi cant e ect of the SRT measurements (in station-
ary and modulated noise, F(1,42)=348.954, p<0.001) and a correlation between
SRT measurements and listeners (NH and HI, F(1,42)=134.242, p<0.001). Pair-
wise comparison revealed a signi cant SRT di erence for NH and HI listeners
(p<0.001).
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7. Discussion

The Indonesian matrix sentence test was introduced as a new speech recognition
test similar to existing tests of the same structure in Swedish, German, Danish,
Italian and Spanish [Hagerman, 1982], [Wagener et al., 1999c], [Wagener et al.,
2003], [Puglisi et al., 2015], [Hochmuth et al., 2012]. In this chapter, the results of
the evaluation and validation measurements will be discussed. Futhermore, the
INDMatrix will be compared to the results of the existing matrix sentence tests
and to the existing speech recognition test in noise available for the Indonesian
language (the IndoHINT).

7.1. Evaluation

In comparison to the probabilistic model, the test-speci c SRT (-9.1 dB SNR)
obtained in the evaluation measurements was slightly lower than the predicted
test-speci ¢ SRT (-8.6 dB SNR). This may be caused by several factors: (1) Two
di erent group of listeners for the optimization and evaluation measurements;
(2) The test-speci ¢ SRT was obtained in the test list-equivalence measurements
that occured after extensive training sessions.

The optimization of the speech material resulted in an increase of the test-
speci ¢ slope of 1.1%/dB (13.4%/dB before optimization, 14.5%/dB after opti-
mization). The desired improvement of 5.9%/dB according to the probabilistic
model could not be reached. One possible reason may be a di erent set of lis-
teners was used in the optimization measurement compared to the evaluation
measurement. This was also the case in other matrix tests, such as in [Wagener
et al., 1999c], [Wagener et al., 1999a], [Wagener et al., 2003], and [Ozimek et al.,
2010], but the di erences between the test-speci c slope after optimization and
the predicted slope were small or can be neglected. Such a large di erence be-
tween the test-speci ¢ slope and the predicted slope, however, was similar to the
nding in Spanish matrix test [Hochmuth et al., 2012], where an increase of slope
of only 2.2%/dB out of a desired improvement of 5.1%/dB was reached. Similar
to Spanish matrix test [Hochmuth et al., 2012], the word group of the names
were considered to be more intelligible than other word groups and therefore the
names were attenuated in level. The unattenuated names during the optimization
measurements may have triggered the listener's attention for the entire sentence
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at the time when the remaining words of the sentence were presented. Thus,

reduction of names' level probably has resulted in a less dominant presentation

of the names and reduced the role of temporal processing trigger. Nevertheless,
the obtained test-speci ¢ slope is in the range of slopes of other matrix tests (see

Figure 7.1).

In comparison to the intelligibility function of the INndoHINT with SRTes Of
-5.8 dB SNR andSsgest 0f 10.0%/dB, the intelligibility function reached by the
INDMatrix is steeper (14.5%/dB) and has a lower SRT (-9.1 dB SNR). This may
occur due several factors: (1) the familiarity of the INDMatrix using 50 word-base
matrix is higher than the familiarity of the IndoHINT using daily sentences; (2)
The INDMatrix and the IndoHINT used di erent speakers. The steeper slope of
the INDMatrix o ers more precise diagnostics, because a small di erence in SNR
causes a larger di erence in speech intelligibility.

7.1.1. Monolingual and bilingual listeners

There was no signi cant di erence in SRT average found between monolingual
and bilingual listeners/speakers. This indicates that the INDMatrix is applicable

to every Indonesian, as long as Indonesian is one of the native languages. Other
native language, either a regional or an international language, besides Indonesian
seem not to in uence the SRT.

7.1.2. Comparison to matrix tests developed for other
languages

Test-list equivalence

Test lists which SRT deviated too much from the average list-speci ¢ SRT were
excluded, so that no signi cant di erence was found between test lists. After
excluding two test lists, the evaluation measurements con rmed the equivalence
of the test lists. The INDMatrix shows a very small di erence between lists (0.1
dB) which is in line with the standard deviations across test lists of matrix tests
established for other languages that usually range between 0.1 and 0.3 dB (see
Table 7.1).

Even though the test-speci ¢ SRT was not obtained from measurements at xed
SNRs like in previous matrix test studies (e.g: [Wagener et al., 1999b], [Puglisi
et al.,, 2015], [Hochmuth et al., 2012], [Jansen et al., 2012], [Warzybok et al.,
2015b], etc.), the adaptively measured test-speci ¢ function (test-specic slope
and SRT) of the INDMatrix was comparable to matrix tests in other languages
(see Table 7.1 and Figure 7.1). Figure 7.1 shows that SRTs of the matrix test
in other languages range between -10 and -6 dB SNR and the slopes range be-
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Table 7.1.: Test-speci ¢ SRT andSsy of matrix tests established in other lan-

guages [Kollmeier et al., 2015].

Language SRT obtained from measurements

at xed SNR [dB SNR] Sso [%/dB]

Italian -7.3  0.2(SD across lists) 13.3
-7.4 0.9 (SD across listeners) 14.3
Norwegian -6.0 0.8 (SD across listeners) 14.0

Polish -9.6 0.2 (SD across lists) 17.1
Russian -9.5 0.2(SD across lists) 13.8

-9.5 0.7 (SD across listeners) 14.0
Swedish -8.1 0.3 (SD across lists) 16.0

Indonesian -9.1 0.1 (SD across lists) 14.5
-8.2 0.8 (SD across listeners)

1.2 (SD across lists)
3.6 (SD across listeners)
3.4 (SD across listeners)
1.6 (SD across lists)
1.6 (SD across lists)
3.4 (SD across listeners)
3.4 (SD across lists)
1.0 (SD across lists)

tween 10.2 and 17.5%/dB. The intelligibility function of the Indonesian language
represented by the dashed-dotted black line lies within this range.
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Figure 7.1.: Test-speci c intelligibility function of matrix tests established for

other languages

Training e ect

The assessment of the training e ect was conducted slightly di erent than in
previous studies [Wagener et al., 1999b], [Warzybok et al., 2015b], [Hochmuth
et al., 2012], [Ozimek et al., 2010], [Zokoll et al., 2015]. In this study, the training
session in the evaluation measurements was always started with one test list in a
closed-set response format at a xed SNR of 0 dB, i.e., almost 100% intelligibility.
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This way, an accelerated familiarity of the speech material was expected, with the
perspective of reducing the necessary training measurements for the test. The
signi cant di erence found between Training 2 and 4, between Training 2 and 6,
between Training 4 and 6 can be interpreted as follows: the familiarity to the
speech material is important, but the familiarity to the adaptive procedure plays

a role as well. In the Spanish test evaluation, an improvement of 0.8 dB from
the rst to the third training list was found, although the training session was
completely measured with a closed-set response format and adaptive procedure
[Hochmuth et al., 2012]. This indicates that one adaptively measured test list in a
closed-set response format will not be su cient for the training session. Therefore,
the standard suggestion of 2 training lists in an open-set response format, rstly
at an SNR of high intelligibility (for example: at 0 dB SNR) and then adaptively

to reach 50% of speech intelligibility still o ers an optimal solution [Kollmeier
et al., 2015]. By conducting both training lists in an open-set response format,
the di culty of measuring listeners with visual impairment can be avoided.

Test-retest reliability

The test-retest reliability of the repeatedly measured adaptive SRTs within one
session was 0.4 dB. The test-retest reliability increased to 0.7 dB by including
SRTs from another test session. Nevertheless, the test-retest reliability of the
adaptively measured INDMatrix for NH listeners of 0.7 dB is still high. This result

Is close to the test-retest reliability of matrix tests in other languages, such as in
French, Italian, Russian, and German (see Table 7.2). The test-retest reliability
for French, Italian, and Russian matrix test was calculated according to Jansen's
de nition of test-retest variability [Jansen et al., 2012]. For German matrix test,
speech intelligibility was measured adaptively on di erent days using 30 sentences.
In the clinical practice, the test-retest reliability refers to the consistency of the
test results between 2 test sessions. In this case, conducting the INDMatrix
with the same condition (same noise level, measured after a training session)
and calibrated setup resulted in a more or less same SRT, even though it was
measured in a di erent session. This occurs due to the familiarity of the speech
material. The test-retest reliability of the INDMatrix is higher than the test-retest
reliability of the IndoHINT score. The di erence of the IndoHINT score between
the rst and second measurement ranged between -2 to 5 dB SNR depending on
the tested test list. However, there was no signi cant di erence between the rst
and second measurement detected for the IndoHINT (p>0.05, [Abiratno, 2016a]).
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Table 7.2.: Comparison of test-retest reliability for normal-hearing listeners of
matrix tests in di erent languages.

Language Test-Retest Reliability [dB] Reference
French 0.4 [Jansen et al., 2012]
Italian 0.5 (open-set) [Puglisi et al., 2015]
0.6 (closed-set)
Russian 0.6 (open-set) [Warzybok et al., 2015b]
0.5 (closed-set)
German 0.5 (normal-hearing) [Wagener, 2004]

0.7 (hearing-impaired)

Open vs closed-set response format

The average SRT measured with the open-set response format was signi cantly
higher than measured with the closed-set response format (0.7 dB). This means
that the visual cue improved the SRT result. Signi cant di erences in response
format were also observedin other languages as shown in Table 7.3. However,
no di erence was found due to the visual cue in German and Polish matrix test
[Brand et al., 2004], [Ozimek et al., 2010].

Table 7.3.: Comparison between SRTs measured in open-set and closed-set re-
sponse format for matrix tests in di erent languages.

Language Open-set [dB SNR] Closed-set [dB SNR] Reference
Indonesian -9.1 09 -9.8 0.8
Italian -6.7 0.7 -7.4 0.8 [Puglisi et al., 2015]
Russian -8.8 0.8 9.4 0.8 [Warzybok et al., 2015b]
Spanish -6.2 0.8 -7.2 0.7 [Hochmuth et al., 2012]
Turkish -7.2 0.8 -7.9 0.8 [Zokoll et al., 2015]
7.2. Validation

Even though the PTA was strongly correlated with speech intelligibility mea-
surements in quiet, speech intelligibility in quiet was not correlated with speech
intelligibility in noise (correlation across all listenersR? = 0:62,p < 0:0001and
for hearing-impaired onlyR? = 0:15; p = 0:0882 see Figure 6.4). The correlation
coe cients indicate that pure-tone audiometry can not predict the speech intel-
ligibility in noise. Therefore, pure-tone audiometry alone is not enough to assess
one's hearing de cit.
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The correlation across HI listeners was lower than the correlation across all
listeners, because of the broader distribution of HI listeners in comparison to NH
listener. Broad distribution of the results of HI listeners re ected a poor temporal
coding and selective auditory attention due to the loss of auditory nerve bers.

No signi cant di erences in SRT between the measurement sites indicates that
the INDMatrix is also applicable everywhere, as long as the technical requirements
are ful lled.

7.2.1. Test sensitivity and speci city

With a high test sensitivity of 91.3% and speci city of 100%, the INDMatrix can
distinguish between NH and HI quite precise. Nevertheless, these values should
be considered as an initial evidence of a positive assessment of the test develop-
ment. A larger group of patients is suggested to determine a more adequate test
speci city and sensitivity.

The IndoHINT mentioned a test sensitivity of 84.0% and speci city of 77.4%,
but the test sensitivity and speci city were de ned to distinguish mild and mod-
erate SNHL, instead of distinguishing NH and HI listeners [Abiratno, 2016a].
The validation measurements in this study were not designed to analyze mild
and moderate SNHL separately. However, such comparisons with well-de ned
groups of patients could be an interesting topic for further studies.

7.2.2. Comparison to phonetically balanced word lists

Despite of the bias of 8.7 dB, a high correlation of speech intelligibility measure-
ments in quiet between the INDMatrix and the phonetically balanced list was
observed. However, the number of subjects that were measured with the phonet-
ically balanced list was very low (n=5) due to nancial limitations of diagnostics
and treatment given by the state insurance. That means speech audiometry
with the phonetically balanced word lists and pure-tone audiometry could not be
performed at the same day. Only patients with private insurance or self-paying
patients could receive all necessary diagnostics and treatment on the same day.
Thus, more data is necessary to draw rm conclusions.

7.3. Technical notes

Technical di culty could be faced during measurement with elderly HI patients
who speak mostly regional languages. A test instructor who masters the regional
language is suggested to -if necessary- explain the test instructions or answer
patient's questions in the regional language. Apparently, the phonetically bal-
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anced lists seem viable for these patients. The words in the INDMatrix are easy
and well-known. In this study, Indonesians who only speak regional languages
were excluded from the study. However, investigating how SRT in uences these
listeners can be an interesting topic for further studies.

Furthermore, wrong choices of introduction words to the study caused patient's
rejection of the study participation willingness. Words, such as "research" and
"study”, count as frightening and therefore should be avoided during the intro-
duction and in the invitation or advertisement of the study.

In general, through the experience with HI patients in this study, it is suggested
to use the open-set response format in Indonesia. By executing the open-set
response format, measurement time can be kept short and the number of handled
patients can be increased. Furthermore, a lot of elderly people in Indonesia are
not used to use a computer, so that a closed-set format can be highly confusing
and irritating. This would also help visual-impaired patients. However, the
closed-set response format is conceivable to be applied for Indonesian in foreign
countries and also to elderly people. Most Indonesians living in foreign countries
are not illiterates and are better equipped in order to keep in touch with their
families, relatives, or acquaintances with high-technology objects such as laptops,
smartphones, or tablets.
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8. Conclusions

The Indonesian matrix sentence test (INDMatrix) followed the international re-
commendations for the contruction of multilingual speech tests. The obtained
results are comparable with matrix tests established for other languages. With
a test-specic SRT of -9.1 0.1 dB SNR (SD across test lists) and slope of
145 1.0 %/dB, the INDMatrix shows a steep speech recognition function,
which is in agreement with matrix tests developed for other languages. There
are 20 lists of 10 sentences available for the nal version of INDMatrix. No
signi cant SRT di erences between measurement sites indicate that as long as an
adequate audiometry room is available and the measurement setup is calibrated,
the INDMatrix is suitable for reliable measurements of speech recognition in
quiet and in noise. Furthermore, the test is characterized by a high sensitivity of
91.3%, that is higher than the sensitivity of the Indonesian version of the Hearing
in Noise Test (84.0%). The INDMatrix is also validated with hearing-impaired
listeners and is applicable for monolingual, bilingual, and multilingual listeners
with the same normative reference values, so that the INDMatrix can be applied
for clinical purposes.
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A. Measurement reports

A.1l. Optimization measurement report

Optimization Measurement Report
Indonesian Matrix Sentence Test

List of levels (dB SNR)

L1 : -20
Pat.ID OptIND E2 % -17,5
Age Gender | L3 : -15
Date of measurement L4 : -12,5
Place of measurement W30-333 (Tir) LS : -10
L6 : -7,5
Certain remarks L7 : -5
L8 : -2,5
L9 : 0
L10: 2,5
Part 1 - Audiogram
DAvaiIable from (not older than 2 months):
DNew audiogram
[CJrequirement fulfilled, better ear: R [ L [
Part 2 - Training lists (Better ear preferred)
Measurement | List No. SNR Speech Level | Noise Level Intelligibility in %
Training 1 TL4 60 dB 60 dB 0
Training 2 TL2 -4 dB 61 dB 65 dB
Part 3- Test lists at fixed SNR (Better ear preferred)
Measurement | List No. SNR Speech Lovel || Mo Leves Intelligibility in %
(dB) (dB)
1 TL9 L2 47,5 65
2 TL2 L9 65 65
5 TL8 L7 60 65
4 TL1 L3 50 65
5 TL5 LS 55 65
& TL? L1 45 65
7 TL3 L4 52,5 65
8 TL1O L8 62,5 65
g TL4 L10 67,5 65
10 TLE L6 57,5 65
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Messdatum :

Fragebogen zum Indonesischen Matr

Adaptiert von LEAP-Q (Marian, Blumenfeld & Kaust

Pat.ID : Age M/ W

. Wo sind Sie geboren (Stadt)?

. Wo sind Sie aufgewachsen (Stadt, falls mehrere bitte auch die Zeitangabe schreiben)?

. Was ist Ihr héchster Bildungsgrad?

[] Grundschule (SD) [] Mittelschule (SMP) [C] oOberschule (SMA) [] Diploma (D3)
[ Bachelor (S1) [[] Master/Diplom (S2) [ Doktor (S3) [[] Staatsexamen
. Sprechen Sie andere Muttersprachen auRer Indonesisch? [] Nein [] Ja,

. Wann haben Sie lhre Muttersprache/n gelernt?

a. Indonesisch, seit

b. , seit

(A , seit

. Zeitpunkt des Zuzugs nach Deutschland (MM/YYYY)

Wenn Sie in einem anderen Land gelebt haben, wo, wann und wie lange haben Sie dort gelebt?

. Wie oft sprechen Sie vor Ihnrem Aufenthalt in DE Ihre Muttersprache/n?

a. Indonesisch : %
b. - %
ok ! %

. Wie oft sprechen Sie derzeit |hre Muttersprache/n?

a. Indonesisch : %
b. 5 %
.2 : %




A.2. Evaluation measurement report

Evaluation Measurement Report

Indonesian Matrix Sentence Test Noise level: 65 dB SPL
Pat.ID EVIND

Age Gender ]

Date of measurement

Place of measurement

Certain remarks

Part 1- Audiogram
DAvailabIe from (not older than 2 months):
DNew audiogram

[ JRequirement fulfilled, better ear: R [] L []

Part 2 - Training lists (Better ear preferred)

Measurement |  List No. Procedure Rg;zm lnte“iii:"it” SRSTJRdB_
Training 1 constant SNR | closed 0
Training 2 adaptive open 50
Training 3 adaptive open 50
Training 4 adaptive open 50
Part 3- Evaluation measurement Day 1

Measurement | List No. Procedure Resfael:nse Ime"iibﬂml SRST’: Rda

1 adaptive open 20
2 adaptive open 80
3 adaptive open 20
4 adaptive open 80
5 adaptive open 20
6 adaptive open 80
7 adaptive open 20
8 adaptive open 80
9 adaptive open 20
10 adaptive open 80
11 adaptive open 20
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Evaluation Measurement Report

Noise level:

65 dB SPL

Indonesian Matrix Sentence Test
Pat.ID EvIND
Age Gender |

Date of measurement

Place of measurement

Certain remarks

Part 1- Audiogram
Available from (not older than 2 months):
[ JRequirement fulfilled, better ear:

R[]

Part 2 - Training lists + Extra measurements (Better ear preferred)

L0

. Set Intelligibility | SRT/ dB
Measurement | List No. Procedure Ressonte IE% Y SNR
Training 1 constant SNR closed 0
Training 2 adaptive open 50
Training 3 adaptive closed 50
Quiet adaptive open 50
ICRA 5-250 adaptive open 50
Part 3- Evaluation measurement Day 2
Measurement | List No. Procedure | Set Response lmemf:'"w b":h{:u
1 adaptive open 80
3 adaptive open 20
3 adaptive open 80
4 adaptive open 20
5 adaptive open 80
6 adaptive open 20
7 adaptive open 80
8 adaptive open 20
9 adaptive open 80
10 adaptive open 20
11 adaptive open 80




Tanggal pemeriksaan : Tempat pemeriksaan:
Measurement date Measurement place

Kuesioner untuk Evaluasi Tes Matrix Bahasa Indonesia

Questionnaire for Evaluation of the Indonesian Matrix Sentence Test

Kode pasien Usia
Patient-1D Age

1. Kota kelahiran
Place ofbirth
2. Kota di mana Anda tumbubh (jika lebih dari satu, tolong sertakan tahun tinggal):

Place where you grew up (in case of more than one city, please write down also the time information of residence)

L/P

3. Pendidikan tertinggi

Highest education level

D sD Elementary school D SMP Junior high schoal D SMA Senior high school D D3 Diploma

D S1Bachelor D 52 Master D $3 poctorate

4, Apakah ada bahasa ibu lain (bahasa daerah / bahasa asing) selain Bahasa Indonesia?

Are there any other native languages (regional or foreign languages) beside Indonesian?
[ Tidak [ Ya
No Yes

5. Kapan Anda mulai mengenal / belajar bahasa ibu - bahasa ibu tersebut?
When did you first know/learn these native languages?

a. BahasaIndonesia, sejak

b. Bahasa ,sejak

c. Bahasa sejak

6. Bagaimana persentasi penggunaan bahasa ibu - bahasa ibu tersebut sehari-hari?
How often do you use these native languoges in daily fife?

a. Bahasalndonesia : %
b. Bahasa - %
¢. Bahasa - %
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Validation Measurement Report

Indonesian Matrix Sentence Test Noise level: 65 dB SPL
Pat.ID ValIND
Age Gender |
Date of measurement
Place of measurement
Certain remarks
Part 1- Audiogram
DAvaiIabIe from (not older than 2 months):
[IMeasured ear: R[] L[]
Part 2 - Other available diagnostics
DQuestionnaire
|:|Speech audiometry in quiet , SRT:
|:|5peech audiometry in noise , SRT:
Part 3 - Measurement lists
= e
Measurement | List No. Procedure 3 Intelghulity / SNR/dB
Response %
Training 1 TLS constant SNR | closed 2
Measurement 1 TL6 adaptive open 50
Measurement 2 TL7 adaptive open 50
Quiet TL8 adaptive open 50
ICRAS TL9 adaptive open 50




Tanggal pemeriksaan : Tempat pemeriksaan:
Measurement date Measurement place

Kuesioner untuk Validasi Klinis Tes Matrix Bahasa Indonesia

Questionnaire for clinical validation of the Indonesian Matrix Sentence Test

Kode pasien Usia L/P
Patient-1D Age

1. Kota kelahiran
Place ofbirth

2. Kota di mana Anda tumbubh (jika lebih dari satu, tolong sertakan tahun tinggal):

Place where you grew up (in case of more than one city, please write down also the time information of residence)

3. Pendidikan tertinggi
Highest education level
D SD Elementary school DSMPJummhrghsrhoni D SMASﬂmnr'hfg‘hs(hmF D D3 Diploma
D Ssachelor D $2 Master D 53 Doctorate
4. Pekerjaan
Occupation

5. Apakah ada bahasa ibu lain (bahasa daerah / bahasa asing) selain Bahasa Indonesia?
Are there any other native languoges (regional or foreign longuages) beside Indonesian?

[ Tidak O Ya
No Yes

6. Bagaimana persentasi penggunaan bahasa ibu - bahasa ibu tersebut sehari-hari?

How often do you use these native languages in daily fife?

a. BahasaIndonesia : %
b. Bahasa - %
¢. Bahasa : %
7. Apakah Anda menggunakan alat bantu dengar? [ Tidak [] Ya
Are you using hearing afd(s)? No Yes
Jikaya: [] Telinga kanan, sejak [ Telinga kiri, sejak
If yes Right ear, since Left ear, since

8. Apakah Anda menderita tinitus (suara berdenging/berdesir)?
Are you suffering from tinnitus?

[ Tidak [ Ya: [] Telingakanan [ Telinga kiri

No Yes Right eor Left eor

9. Apakah Anda pernah menjalankan operasitelinga? [] Tidak [] Ya

Have you ever had ony ear surgery? No Yes
Jika ya: [7] Telinga kanan, sebab
Ifyes Right ear, because

[[] Telinga kiri, sebab

Left ear, because
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B. Research banner

Registration number: THT-PKRS/002/rev00/2016/Br

CARL 2
OSSIET\I:ZOKI;“ ('7&.
universitdt
RSCM

Penelitian

Pengembangan dan
Validasi Klinis
Tes Audiometri Tutur
berbasis Matriks Kalimat
dalam Bahasa Indonesia

({Dev and cli ion of

the i Mairix te St’/\

ik THT RSCM
ember 2016

/

Anda dapat ikut berpartisipasi!

Jika Anda... _

+ Penderita Sensorineural Hearing Loss
+/ Usia minimal 18 tahun

+/ Bahasa ibu: Bahasa Indonesia

Hanya = 30 menit saja!

Vneli}éi.
Feli rimadita,

(Department of Medical Physics ani
Carl-von-Ossietzky University Ol

Dr. dr. Ronny Suwento, Sp.T
Prof, Dr. dr. Jenny Bashiruddin, Sp.
dr. Widayat Alviandi, Sp.THT-KL

HurTech gGmbH 261,

|
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Letter of intent

OLDENBURG
FAKULTAT VI
MEDIZIN UND

GESUNDHEITSWISSENSCHAFTEN

(CARL VON OSSIETZIY UNIVERSITAT OLDENBURG - 26111 OLDENBURG

Dr. dr. Ratna Anggraeni, Sp. THT-KL(K)., M.Kes
Dr. Madhita Hatta Kasoem, M.Sc

PT. Kasoem Hearing and Speech Center
JI.Cikini Raya no.18

Jakarta Pusat

Cooperation project “Devel t of the Iind

Matrix sentence test™

Dear Dr. dr. Ratna Anggraeni and Dr.Madhita Hatta Kasoem,

| appreciate your willingness to cooperate with us on the development of the
Indonesian Matrix test. With this letter, | would like to confirm the conditions of
our intended coliaboration in this validation project. If you agree on the
conditions stated below, please confimn by signing a copy of this letter and
sending it back to me. Thank you very much in advance!

The following conditions will apply for our collaboration:

Each pariner within this cooperation will pay salaries and other expenses for
their own personnel. Each partner has the right to publish the contents and
results of the cument cooperation, but has to mention the contribution of the
respective other partners in an appropriate way. The University Oldenburg will
cover all expenses related to the recordings and have the ownership rights for
the audio speech material. Kasoem Hearing and Speech Center represented by
Dr. dr. Anggraeni and Dr. Kasoem has the nonexclusive, nontransferable rights
for using the test methods free of charge for the duration of the cooperation
project “Development of the Indonesian Matrix sentence test”. Subsequently,
HorTech gGmbH will provide one free, unrestricted software license for the
Oldenburg Measurement Applications software including the Indonesian Matrix
sentence test module (including possible future updates) to the Kasoem Hearing
and Speech Center represented by Dr. dr. Anggraeni and Dr. Kasoem. HorTech
gGmbH intends to market the Indonesian Matrix sentence test software and the
audio test material. Dr. dr. Anggraeni and Dr. Kasoem's team at Kascem
Hearing and Speech Center will support this marketing effort, e.g. by referencing
the HorTech software in publications on studies where this software was used.
Both parties agree to exchange scientific information and results, to encourage
the exchange of specialists and to support the transfer of scientific and
technological achievements, to initiate the organization of scientific conferences
and symposiums, and to simulate the publication of joint study results. Both
parties agree that Dr. dr. Anggraeni and Dr. Kasoem's team should actively
participate in the efforts to establish the matrix test and its distribution in
Mainland Indonesia while The University Oldenburg / HorTech gGmbH lead the
distribution of the matrix test for the rest of the world.

December 4, 2016, Oldenburg

Date, place

Decembeg 132016, Banung

Date, place (Signature Ratna Anggraeni; kasoem Hearing and Speech Center)

December 22, 206 Jakarta Crrdlndz

Date, place (Signat ita H. Hearing and Speech Center)

(Signature Birger Kollmeier, Universitah Oidenburg)

Prof. Dr. rer. nat. Dr. med.
Birger Kollmeier

Abteilung Medizinische Physik

Der fidr
Physik und Akustik

TELEFONDURCHWAHL

+49 (0)441 798-5466

Sekretariat +49 (0)441 798-5470
Fax +49 (0)441 796-3902

EMAIL

hin"wr i de

INTERNET
http:/imedi.uni-oldenburg.de

OLDENBURG, 4. Dezember 2016

POSTANSCHRIFT
Universitat Ofdenburg
Medizinische Physik
D-26111 Didenburg

PAKETANSCHRIFT
Ammertander Heerstralle 114 - 118
D-26129 Oldenburg
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CARL

VON
OSSIETZEV
universitat | OLDENBURG
FAKULTAT VI
MEDIZIN UND

GESUNDHEITSWISSENSCHAFTEN

CARL VON OSSIETZKY UNIVERSITAT OLDENBURG - 26111 OLDENBURG

cr.Ronny Suwento, Sp. THT-KL(K), Prof.Dr.dr.Yenni Bashiriddin, Sp. THT-KL(K),
and dr.Widayat Alviandi, Sp.THT-KL(K)

Department of Ear,Nose, Throat- Head and Neck Surgery

RSUPN Dr. Cipto Mangunkusumo

JI. Diponegoro No.71

Jakarta Pusat, Indonesia

Cooperation project “Development of the Indonesian Matrix sentence test"

Dear dr.Ronny Suwento, Sp.THT-KL(K), Prof.Dr.dr.Yenni Bashiriddin, Sp.THT-
KL(K), and dr.Widayat Alviandi,

| appreciate your willingness to cooperate with us on the development of the
Indonesian Matrix test. With this letter, | would like to confirm the conditions of
our intended collaboration in this validation project If you agree on the
conditions stated below, please confirm by signing a copy of this letter and
sending it back to me. Thank you very much in advance!

The following conditions will apply for our collaboration:

Each partner within this cooperation will pay salaries and other expenses for
their own personnel. Each partner has the right to publish the contents and
results of the current cooperation, but has to mention the contribution of the
respective other partners in an appropriate way. The University Oldenburg will
cover all expenses related to the recordings and have the ownership rights for
the audio speech material. RSUPN Dr.Cipte Mangunkusumo represented by
dr.Suwento, Prof.Dr.dr.Bashiriddin, and drAlviandi has the nonexclusive,
nentransferable rights for using the test methods free of charge for the duration
of the cooperation project “Development of the Indonesian Matrix sentence test”.
Subsequently, HorTech gGmbH will provide one free, unrestricted software
license for the Oldenburg Measurement Applications software including the
Indonesian Matrix sentence test module (including possible future updates) to
the RSUPN DrCipto Mangunkusumo represented by dr.Suwento,
Prof.Dr.dr.Bashiriddin, and dr.Alviandi. HérTech gGmbH intends to market the
Indonesian Matrix sentence test software and the audio test material.
dr.Suwento,et al.'s team at RSUPN Dr.Cipto Mangunkusumo will support this
marketing effort, e.g. by referencing the HérTech software in publications cn
studies where this software was used. Both parties agree to exchange scientific
information and results, to encourage the exchange of specialists and to support
the transfer of scientific and technological achievements, to initiate the
organization of scientific conferences and symposiums, and to simulate the
publication of joint study results. Both parties agree that dr.Suwento et al.’s team
should lead the efforts to establish the matrix test and its distribution in Mainland
Indonesia while The University Oldenburg / HarTech gGmbH lead the
distribution of the matrix test for the rest of the world.

November 10, 2016, Oldenburg =

M___-
Date, place (Signature Birger Kollmeier, Universitat Qldenburg)

Dec 23, ML |dlwrtr, —— %

Date, place (Signature Ronny Suwento, RSUPN Dr. Cipto Mangunkusuma)

|
Dec, 28, 2016 |gearka v "n‘t'_.";

Date, place "~ (Signature Yenni Bﬂ%— PN Dr. Cipto Mangunkusumo)
Jan ,3,3013, Takarta

Date, place (Signature tAfviandi, RSUPN Dr. Cipto Mangunkusumo)

Prof. Dr. rer. nat. Dr. med.
Birger Kolimeier

Abteilung Medizinische Physik

Department fir Medizinische
Physik und Akustik

TELEFONDURCHWAHL
+49 (0)441 798-5456

Sekretariat +49 (0441 798-5470
Fax +49 (0)441 7683002

EMAIL
birger kollmeier@uni-oldenburg.de

INTERNET
hitp:/imedi.uni-oldenburg.de

OLDENBURG, 10. November 2018

POSTANSCHRIFT
Universitat Oldenburg
Medizinische Physik
D-26111 Oltlenbura

PAKETANSCHRIFT
Ammeridnder Heerstrale 114 - 118
D-26129 Oldenburg



D. Ethical approval

T
VON
OS51ETZKY
GEjOI DENBURG
FAKULTAT VI
MEDIZIN UND
GESUNDHEITSWISSENSCHAFTEN

CARL VON OSSIETZKY UNWVERSITAT OLDENBURG - 26111 OLDENBURG

Frau
Dr. Zokoll-van der Laan
Medizinische Physik

- hier -

Stellungnahme der Kommission fiir Forschungsfolgenabschétzung
und Ethik zum Antrag ,Amendment:“Mulitlingual Audiobogical
Diagnostics, dabei Probandentests (Optimierung, Evaluation und
Validierung von kognitiven Tests sowie Hor- und
Sprachverstandlichkeitstests)” (Drs.63/2015)

Sehr geehrter Frau Dr. Zokoll-van der Laan,

die Ethikkommission hat in ihrer Sitzung vom 8.7.2015 Uber oben
eingereichten Antrag beraten. Die Kommission ist mehrheitlich der
Meinung, dass lhrem Antrag stattgegeben werden kann. Am Antrag

beteiligte Personen waren nicht in diese Entscheidung eingebunden.

Die zustimmende Bewertung ergeht unter der Annahme gleichbleibender
Gegebenheiten. Die Verantwortlichkeit des jeweiligen Wissenschaftlers
bleibt im vollen Umfang erhalten.

For Ihr Vorhaben wiinsche ich Ihnen viel Erfolg.

Mit freundlichen Grifen

Prof. Dr. Christiane Thiel

Prof. Dr. Christiane Thiel
Department fiir Psychologie

KOMMISSION FUR FOR-
SCHUNGSFOLGENAB-
SCHATZUNG UND ETHIK

TELEFONDURCHWAHL
+49 (0)441 798 3641
FAX

(0441) 798 3848

EMAIL
isne. thiekEuni-ol

POSTANSCHRIFT
D-26111 Cldenburg

OLDENBURG, 16.07.2015

emns

eurnpean medical scho
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Gedung Fakultas Kedokteran Ul
JI. Salemba Raya No.6, Jakarta 10430

UN IVE RS ITAS IN DON E S I-A T.62.21.3912477, 31 9303?:.05?;;01:?7538,
FAKULTAS KEDOKTERAN F 8.1 19477 SoeTS S157088
E. humas@fk.ui.ac.id, office @ fk.ui.ac.id

fk.ui.ac.id

Nomor 1928 /UN2.FU/ETIK/2016

KETERANGAN LOLOS KAJI ETIK

ETHICAL APPROVAL

Komite Etik Penelitian Kesehatan Fakultas Kedokteran Universitas Indonesia dalam upaya
melindungi hak asasi dan kesejahteraan subyek penelitian kedokteran, telah mengkaji dengan
teliti protokol berjudul:

The Ethics Committee of the Faculty of Medicine, University of Indonesia, with regards of the
Protection of human rights and welfare in medical research, has carefully reviewed the
research protocol entitled:

“Indonesian Matrix Test: Evaluation Measurement and Validation”.
No. protokol: 16-10-378

Peneliti Utama : Felicia Primadita, B.Eng
Principal Investigator

Nama Institusi : Dept. of Medical Physics and Acoustics, Carl-von-
Name of the Institution Ossietzky University Oldenburg, D-26111 Oldenburg

dan telah menyetujui protokol tersebut di atas. s

and approved the above mentioned protocol.

0.3.1.0CT 2016

verighen

* Ethical approval berlaku satu tahun dari tanggal persetujuan,
** Peneliti berkewajiban
1. Menjaga kerahasiaan identitas subyek penelitian.
2. Memberitahukan status penelitian apabila
4. Setelah masa berlakunya keterangan lolos kaji etik, penelitian masih belum selesai, dalam hal ini ethical approval
harus diperpanjang,
b, Penelitian berhenti di tengah jalan.
Melaporkan kejadian serius yang tidak diinginkan (serious adverse events),
4. Peneliti tidak boleh melakukan tindakan apapun pada subyek sebelum protokol penelitian mendapat lolos kaji etik dan
sebelum memperoleh informed consent dari subjek penelitian,
Menyampaikan laporan akhir, bila penelitian sudah selesai,
6. Cantumkan nomor protokol ID pada setiap komunikasi dengan KEPK FKUI-RSCM.

[

wn

Semua prosedur persetujuan dilakukan sesuai dengan standar ICH-GCP.
All procedure of Ethical Approval are performed in accordance with ICH-GCP standard procedure,



E. Optimization: Psychometric
function of all realizations
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Inteligibity
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Inteligbilty
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Figure E.15.: Mencari (to look for)

Figure E.16.: Mendapat (to get)

Figure E.17.: Mengangkat (to lift)



Figure E.18.: Mengganti (to change)

Figure E.19.: Menjual (to sell)

Figure E.20.: Menyimpan (to store)
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Figure E.21.: Delapan (eight)

Figure E.22.: Dua (two)

Figure E.23.: Empat(four)



Figure E.24.: Enam (Six)

Figure E.25.: Lima (ve)

Figure E.26.: Sembilan (nine)
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Figure E.27.: Sepuluh (ten)

Figure E.28.: Seratus

Figure E.29.: Tiga (three)



Figure E.30.: Tujuh (seven)

Figure E.31.: Bola (ball)

Figure E.32.: Buah (fruit)
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Figure E.33.: Buku (book)

Figure E.34.: Cangkir (cup)

Figure E.35.: Gitar (guitar)



Figure E.36.: Kaleng (can)

Figure E.37.: Kotak (box)

Figure E.38.: Kunci (key)
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Figure E.39.: Sendok (spoon)

Figure E.40.: Sofa (sofa)

Figure E.41.: Bagus (good)

100



Figure E.42.: Baru (new)

Figure E.43.: Berat (heavy)

Figure E.44.: Bersih (clean)
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Figure E.45.: Kecil (small)

Figure E.46.: Keras (hard)

Figure E.47.: Kotor (dirty)
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Figure E.48.: Kuning (yellow)

Figure E.49.: Mahal (expensive)
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Figure E.50.: Putih (white)
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F. Evaluation:Test list
equivalence
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G. Evaluation:Test list-specic
functions
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