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Abstract
In this research a Dutch version of the NAMES®1 nonsense word phoneme
recognition test was developed and tested. Nonsense words contain minimal
reference to language information or other syntactic queues. This makes such a
test very sensitive and less dependent of prior linguistic knowledge. Phonotactic
rules were used to let the words sound like real words. These appear to
influence on-line language processes to segment words from fluent speech.
The NAMES® test was originally developed as a tool to use for hearing aid
validation and to support speech therapists with diagnosis of their treatment of
phonological development. This test was designed so that it also can be used
for children. To prevent influences of phonological and phonetic development
factors in children, on the evaluation of this test design it was decided not yet to
include children in this research. However, factors related to optimizing the test
for children were investigated.

A group of 57 adult participants across different age groups with diverse hearing
acuity were involved in a first validation of this test. Results indicate that the
NAMES® test is performing well, seems to be sensitive and delivers the
expected results. Recommendations were made for improvement of the test
and suggestions were done for further research.
The NAMES® test is developed for the BELLS® software platform. More
information on this can found in the ‘Methods’ section.

1

NAMES®: Name-based Auditory Multilingual Evaluation of Speech. NAMES® as well as

BELLS®: “Battery for the Evaluation of Language and Listening Skills” are registered trademarks
of the Institute for Audiopedagogics, Solingen Germany.

11

1 INTRODUCTION
Society has become increasingly multicultural and multilingual. Not only in the
West, but also in low and middle income countries, where many young people
migrate from the rural to urban areas (UNDESA, 2014). In my work in
international projects, I often come across challenges of testing multilingual
children. It is therefore my personal motivation to explore the process of
adapting the NAMES® speech test. The acronym NAMES® stands for “Namebased Auditory Multilingual Evaluation of Speech”. NAMES® is a suprathreshold speech screening test, originally developed in the German language
by Prof. Coninx from the Institute for Audio Pedagogics (IfAP) in Solingen
Germany. In this research, I will investigate the adaptation of NAMES® to my
mother tongue, Dutch. This research should provide an insight in adapting this
tool to other languages. I have chosen to include only adult participants, to rule
out effects of phonological development in this stage of the research. Validation
for children will be through follow-up research.
NAMES® is based on CVCVC (C=Consonant, V=Vowel) nonsense words,
which are independent of the individual’s literacy and education (Cooke et al.,
2010) and of the listener’s cognition (Akeroyd, 2008). This includes short-term
memory and speech processing, which are considered to be the causes of
deterioration in speech recognition, particularly in older listeners (GordonSalant, 2005). The focus of the NAMES® test is to measure the phonemic
identification and differentiation, above an individual’s threshold (Nguyen,
2017). A nonsense word speech test is suitable for non-native listeners who
have little experience of the language being tested (Paglialonga, Tognola and
Grandori, 2014).

Through a literature review, relevant linguistic, phonetic and design parameters
for developing a Dutch version of the test were identified. The NAMES® test
was compared with existing associated speech tests. In the ‘Methods’ section,
the research design is explained. It presents how the identified parameters were
incorporated, and how the words were generated, selected and recorded. The
12

‘Results and Analysis’ section presents the test data from different groups and
outcomes are discussed. The ‘Discussion’ section provides critical notes on the
research and recommendations are made for optimization and future research.

13

2 LITERATURE REVIEW
2.1 Introduction
This section deals with an examination of the existing research in academic
literature on speech audiometry and phoneme recognition for children.
Nonsense words are used to minimize the effects of the knowledge of
language, vocabulary and memory on the test. This review is used to identify
parameters and relevant factors for constructing a Dutch version of the
NAMES® test and it will identify how this test relates to other existing tests. This
literature review is vital in establishing a sound foundation for this research.

2.2 Literature search strategy
A literature review was done with the search terms: “Phonemic Distribution”,
“Phoneme frequency of occurrence”, “Nonsense word test”, “Non-Word
Repetition Test”, “Phonotactic rules”, “Speech audiometry children” and the
Dutch variants of these words. This list was not exhaustive.
Consecutively these terms were used for a search within the electronic library
repositories of the University of Hertfordshire. This search included the following
international scientific databases, such as: PLOS ONE, PubMed, Google
Scholar, SCOPUS, EBSCO host, as well as Studynet, the online library of the
University of Hertfordshire. ResearchGate proved to be a good source of
information for articles which were not accessible through Studynet. Through
the ResearchGate website it is possible to contact authors directly and the site
gives recommendations for articles depending on your prior search terms.
Furthermore, the bibliography of some of the scientific articles gave useful leads
to other articles. Specialized books on Speech Audiometry from Lawson and
Peterson (2011) and Martin (1997) provided valuable information on the
fundamentals of speech audiometry.

2.3 Definition Speech Audiometry
It is a commonly accepted practice that Speech Audiometry complements pure
tone audiometry in differential diagnosis. Speech audiometry is a benchmark of
the client’s auditory capacity, because according to Lawson and Peterson
(2011) it can tell us how well one hears at different levels and it can give
14

information on how those with hearing disorders tend to respond to a variety of
basic measures. The NAMES® test is mainly designed as a speech screening
tool for children with a low language level. Meister (2005) observed some
aspects for speech audiometry tests for children. They must be age appropriate,
fast and efficient. The duration of speech audiometric tests with children are
restrained by fatigue. The test materials should match the child’s ability of
speech perception, use age-specific vocabulary, and consider the child’s
phonological development. For high objectivity and reliability, it is essential to
provide all children with identical instructions. Nonsense words such as used in
the NAMES® test overcome the problem of testing at a specific language level.

Meister (2005), in addition, claims that the test should be phonemically
balanced. Phonemic balancing can be realized when the different phonemes
appear in the test material with the same relative frequency as in every day
speech. In the English language, lists with a frequency of occurrence of
consonants and vowels from Frye (1947) and Denes (1963) can be found in
“Speech Audiometry” (Martin, 1997) pg. 45-46. Dutch phoneme distribution lists
are available at the website: http://taalportaal.org, and can be found in tables 2
and 3. A list with the Frequency of Occurrence of phonemes does not exist in
every language. It is also possible to phonetically describe parts of texts from
newspapers, books or transcripts of radio or television programs. As long as
they consist of the contemporary spoken version of that language. The
phonemes should be described using the International Phonetic Alphabet (IPA)
(Appendix 1) and then afterwards their distribution can be counted.

Lyregaard (1997) notes that the consonants in most cases are fairly defined, but
vowels give rise to considerable disagreements, which are to some extent
related to dialectical differences. In addition, some phoneme clusters can lead
to arguments, because they do not appear in isolation and the question is
whether they should be regarded as a single phoneme. For example, /ltʃ/ and
/dʒ/. The same applies for diphthongs, such as /ɛi/, /ɑu/ and /œy/. According to
Lyregaard (1997) phonemes do not occur as individual units, but in an
15

articulatory or acoustic stream, linked together in such a way that they interact,
mainly due to the limitations of the articulatory musculature.
In the Dutch language there are a few lists with the frequency of occurrence of
phonemes available: Zuidema (2009) and Oostendorp (2018). This research
uses the most recent list from Oostendorp (2018) which will be discussed
further in the “Methods” section. The Dutch Language has 34 phonemes, which
consist of 18 consonants and 16 vowels.

2.4 Phonotactic rules
The NAMES® test should follow the syntactical and phonotactical rules of the
language, in which it is developed. The term phonotactic probability has been
used to refer to the frequency with which legal phonological segments and
sequences of segments occur in a given language (Jusczyk, Luce and CharlesLuce, 1994). Sensitivity to phonotactic information already occurs very early in
life. According to research by Jusczyk (1993), by 9 months of age infants were
able to discriminate among sounds that were and were not part of their native
language. Jusczyk et al. (1994), also demonstrated that 9 months old infants
could discriminate between nonsense words that contained sounds that were
more common or less common in their native language. The phonotactic
probability impacts how rapidly and accurately adults with normal hearing
repeat real words and nonsense words (Vitevitch and Luce, 2005). Phonotactic
probability appears to influence several on-line language processes and it is
one of several cues that enables infants and adults to segment words from
fluent speech (Gaygen, 1997; Pitt and McQueen, 1998). Once a word has been
segmented from fluent speech, phonotactic probability also influences how
quickly children acquire new words (Storkel, 2001; Storkel, 2003), as well as
how quickly normal hearing adults and hearing impaired adults who use
cochlear implants recognize spoken words (Vitevitch, 2002a; Vitevitch, 2002b).
Hearing loss has a direct impact on the accuracy of word recognition because
of missing or distorted information that likely interacts with phonotactic
probability of a meaningful word. Phonotactic probability influences the
production, in addition to the comprehension of spoken language (Dell et al.,
2000; Vitevitch, Armbrüster and Chu, 2004).
16

2.5 Standards for speech audiometry
Although already defined some decades ago by Watson (1957) and more
recently confirmed by Bosman (1995) and Meister (2005), the major criteria for
valid speech recognition tests for children are:
1. They should be constructed of monosyllables
2. The words should be within the vocabulary range of the child
3. The lists should be phonemically balanced
4. The lists should be equal in difficulty
5. The responses required must not involve a skill which will cause
the subject any difficulty or the tester any uncertainty
Watson (1957) recommended the use of monosyllabic words of the CVC type,
because contextual clues are relatively absent in such materials. He noted that
nonsense syllables made the test too difficult for children. For a phoneme
recognition test like NAMES® this might be a less important factor, because the
nonsense words are explained to children as being “names” which do not have
any meaning.
In Germany, by 1961 word tests had been standardized in German Standard
DIN 45621 (1995). This was based on the research work of Hahlbrock (1970)
on the “Freiburger wörtertest”. The current norm is the International standard
ISO 8253-3 (2012) which specifies basic methods for speech recognition tests
for audiological applications. In order to ensure minimum requirements of
precision and comparability between different test procedures including speech
recognition tests in different languages, the standard specifies requirements for
the composition, validation and evaluation of speech test materials, and the
realization of speech recognition tests. This ISO norm does not specify the
contents of the speech material because of the variety of languages.
Testing speech perception in noise is a more valid procedure to assess hearing
in daily life than is testing in quiet, and therefore it is particularly important for
the diagnosis of hearing impairment in children. However, for children with
severe hearing impairment, with specific language impairment, and for
multilingual children, a test for speech perception in quiet may be indicated.

17

According to Mancini et al. (2010) attention span plays a big role in testing
children. Therefore, they recommend a test design that avoids time consuming
tasks that could increase fatigue. NAMES® only consists of 20 words which
should be repeated. In general, the duration of this test should be ideal to fit in
the attention span of young, even 4 to 5-year-old children.

2.6 Recordings of word lists
Martin (1997) describes conditions and recommendations for recording the
speech materials. Although the technology for recording and editing has
improved a lot since his publication, the basic principles still apply. Recordings
should preferably be done in a professional studio, by a professional speaker.
The levels of the individual test words should be adjusted to the same level by
means of time weighting. This can be done with audio workstation programs
such as Cool Edit Pro 2.1 (2003). Calibration signals should be included. Martin
(1997) recommends 125 Hz, 1 kHz and 8 kHz and a speech simulating noise
(CCITT 1964). More recent specifications are defined in the norm ISO 8253-3
(2012), which specifies that each copy of the speech test besides the speech
test material should contain the following signals:
1. A signal for the calibration of the speech audiometer.
2. Signals for testing the frequency response of the speech audiometer,
including the playback equipment and the recording.
3. Signals for testing the harmonic distortion of the speech audiometer.

Nguyen (2017), describes in his PhD thesis how his recordings for the
Vietnamese NAMES® test were done. He used a 40-year-old female speaker,
who was a native speaker of the South Vietnamese Language. She was asked
to pronounce the words with a constant intonation, to avoid an ‘asking’
intonation, and to maintain a reading speed in a natural pronunciation.
The acoustic stimuli were recorded as a mono signal, with sounds digitized at a
44.1 kHz sample rate into a 24 bits digital signal. The recordings took place in a
sound treated room with an ambient noise level of around 25 dBA.
The syllable durations were adjusted to ensure that all stimuli were balanced in
terms of energy, the Root Mean Square (RMS) values of each stimulus (first
18

and second syllable) were measured with Cool Edit pro 2.1 (2003). Each
syllable in each disyllable combination was equalized at a similar total RMS
level. Time averaged levelling (LEQ) brings the sound energy of the words to the
same level. This technique provides a decrease in variance for responses to
words (Dermody, Katsch and Mackie, 1983).

2.7 Phoneme analysis
Phonemes can be arranged in different categories, depending on where and
how they are produced, as can be seen on the IPA chart in Appendix 1.
The most common categories are:
•

Fricatives

•

Affricates

•

Vowels

•

Diphthongs (glides)

•

Stops (plosives)

•

Aspirates

•

Liquids (e.g. rhotics)

•

Nasals

When the different phonemes are scored in the NAMES® test, the software
automatically calculates a statistical overview of the type of phonemes the client
has problems with. This can for example support the Speech and Language
Therapist with phoneme awareness training, which supports early reading and
spelling skills (Ball and Blachman, 1991). It can also help the audiologist in
adjusting assistive devices (Dreschler, 1989).

2.8 Nonsense Word Repetition Tests
Nonsense Word Repetition Tests (NWRT) aim more at language and memory
processing and language impairment, but literature gives a lot of useful
information for the design and interpretation of the NAMES® test.
NWRT’s can complement traditional language tests, because they are less
dependent on language knowledge and tap on basic cognitive underpinnings of
language such as phonological processing and short-term memory (Chiat et al.,
2015; Gathercole, 2006). A simple phonological complexity of the NWRT
19

syllable structure and stress pattern can make the test relatively immune to
effects of the amount of language exposure. Differences in language
experience have more influence on knowledge-based measures of vocabulary
and grammar than processing-based NWRT’s (Engel, Santos and Gathercole,
2008). Children’s performance on NWRT tasks is most commonly interpreted as
a reflection of their phonological memory skills, although performance is also
influenced by speech perception, lexical knowledge, and motor skills (Coady
and Evans, 2008). There is a clear association between NWRT performance
and vocabulary size (Gathercole et al., 1999). Children with larger vocabularies
perform better on NWR tasks. Gathercole and Baddeley (1989) found a strong
relationship between NWRT performance and vocabulary acquisition. There is
evidence that NWRT performance can predict new word learning (Gathercole,
Hitch and Martin, 1997).

The identification of bilingual children with language impairment is challenging
because the delays in language development can arise from impairment but
also from external factors such as insufficient exposure to and consequently,
limited knowledge of the target language (Kohnert, 2010). Their language skills
depend on the amount of bilingual exposure (Thordardottir et al., 2006) and the
quality of input (Scheele, Leseman and Mayo, 2010). To minimize the bilingual
disadvantage on NWRT, items should be used with a low phonotactic
probability or word likeliness in the second language. This can be important
when designing a NAMES® version for a group of related languages. Bantu for
example is a group of over 440 distinct African languages (Wikipedia, 2019).
Nonsense words with simple CVCV and CVCVC structures are relatively
universal in terms of syllable structure, whereas nonsense words with
consonant clusters (e.g. CCV) are more language specific. Languages differ
with respect to many other aspects of lexical phonology, such as word lengths,
suprasegmental characteristics and segmental inventories. In NWRT tasks
children make more errors with consonants than with vowels (Lyregaard, 1997).
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2.9 Other related tests
Several tests are related to the NAMES® test. They were designed for a similar
purpose, different target group or they can provide complementary information.
A selection of them will be discussed below.
2.9.1 Phonak Phoneme Perception Test 2.1
The Phonak Phoneme Perception Test (PPT) (Phonak, 2014), was designed to
improve the client's speech intelligibility. Test results provide information about
possible further improvements to a hearing aid's setting. The PPT is NOAH2
compatible, available in 14 languages and consists of three subtests; Detection,
Discrimination and Identification.
2.9.2 IfAP Lingogram
The Lingogram sound identification and detection test is based on the Ling
Sounds (Ling, 2002). It is a software application, which runs on the BELLS®
platform3. It is an adaptive test, in which the client must recognize one of the six
Ling sounds, which according to an adaptive method vary in intensity. In this
way a rough frequency specific audiogram type of graph can be constructed. It
is attractive and fast for young children because it can be presented in the form
of a game.
2.9.3 IfAP TiTaTu
TiTaTu (TeeTaaToo) is a syllable identification and discrimination test, which
uses disyllables to detect and discriminate between phonemes. The first
syllable is to focus the child’s attention while the hearing aid sound processor
settles its active processing. Different sets of stimuli can be used, for example:
Set 1 (vowels) titi, tata, tutu, teetee, taitai
Set 2 (plosives) tata, dada, papa, baba, kaka, gaga
Set 3 (fricatives) sasa, shasha, fafa

2

The NOAH software system is designed specifically for the hearing care industry, providing

hearing care professionals with a unified system for performing client-related tasks.
3

Battery for the Evaluation of Language and Listening Skills. BELLS is a software platform

hosting several test and rehabilitation applications. See also the Methods section.
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It is part of the BELLS® platform (Coninx, 2018a) and can be used from the age
of 4 years.
2.9.4 IfAP Multi Frequency Animal Sound Test (mFAST)
mFAST is an adaptive frequency specific threshold measurement, where young
children must identify known animal sounds. As a result, the test gives Pure
Tone Average values (PTA) over 500Hz, 1kHz, 2kHz and 4kHz. mFAST is part
of the BELLS® test battery.
2.9.5 Heidelberger Laut Differenzierungstest (H-LAD)
The Heidelberger Laut Differenzierungstest (H-LAD) is a computerized
phoneme discrimination test for the diagnosis of dyslexia, developed in the late
1990’s at the University of Heidelberg in Germany (Dierks et al., 1999). In
subtest 1b nonsense words for phoneme discrimination are used. With the HLAD Brunner and Stuhrmann (2013) found a high correlation of phoneme
discrimination and spelling ability in the lower school grades.
2.9.6 Münchner AUditiver Screeningtest für Verarbeitungs- und
Wahrnehmungsstörungen (MAUS)
The MAUS test is normed for ages 6 to 12 (Nickisch et al., 2006).
This test consists of three parts:
1. Syllable sequence memory
2. Speech understanding in noise (words)
3. Phoneme identification and discrimination
The MAUS can determine to what extent the test results of an individual deviate
from those of the normal primary school population. The MAUS can identify
children at risk of having an Auditory Processing Disorder (APD) (Nickisch et
al., 2006).
2.9.7 Auditory Phoneme Evaluation (APE®)4
The Auditory Phoneme Evaluation (APE®) is an audiological evaluation tool that
uses strictly defined phonemes as stimulus material for detection, discrimination
and identification tests. The APE® was designed as a language-independent

4

APE®, Registered trademark of Melakos NV, Antwerp, Belgium, www.melakos.be
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test to yield supraliminal information on the auditory function with as little
cognitive bias as possible. Preverbal infants as young as 7-8 months can be
tested. This tool is mainly used for selecting Cochlear Implant candidates
(Govaerts, Schauwers and Gillis, 2002).
2.9.8 Digit Triplet test
The digit triplets test uses digit triplets, for example (6-2-8) as speech material
(Smits, Kapteyn and Houtgast, 2004; Smits and Houtgast, 2005; Smits, Goverts
and Festen, 2013). This test was developed in a way that it can also be used by
non-native Dutch speakers and the digits are presented in noise, to determine a
person’s Speech Reception Threshold (SRT). Digits are among the most
frequent used words and therefore are very familiar. The test can easily be
repeated, because the risk that people will remember which triplets are used is
very low. The test is only meant as a quick screening test, compared to the
Dutch standard sentence speech in noise test from Plomp & Mimpen (1979a;
1979b) and the CVC test from Bosman (1995).
2.9.9 The Phoneme Identification Test (PIT)
The Phoneme Identification Test (PIT) was developed to investigate the ability
of children to use spectro-temporal cues to perceptually categorize speech
sounds based on their rapidly changing formant frequencies (Cameron et al.,
2018). The PIT uses an adaptive two-alternative forced-choice (2AFC)
procedure whereby the participant identifies a synthesized consonant-vowel
(CV) (/ba/ or /da/) syllable. CV syllables differ only in the second formant (F2)
frequency along an 11-step continuum (between 0% and 100%-representing an
ideal /ba/ and /da/, respectively).
2.9.10 Vietnamese version of NAMES®
Nguyen (2017) developed a Vietnamese version of NAMES®, with a special
feature for scoring tonal differences. He divided the participants in six age
groups for validation. The normative values were calculated by averaging the
PRS scores across the age groups. Nguyen found a deterioration in the fricative
scores for the group of older listeners (76-85 years), which implies that the
decline in phoneme scores was associated with high-frequency hearing loss by
the older listeners (Gelfand, Piper and Silman, 1986; Maniwa, Jongman and
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Wade, 2008). Nguyen found disparities in results depending on the way the
NAMES® test was scored. The respondent could either respond verbally or in
written form. The results showed that the listeners who responded verbally to
the NAMES® test had a higher phoneme score (96%) than those who gave
written answers (90%). These results revealed that the written response was
riskier than the verbal response. This should be considered when interpreting
the test results. He also investigated the significance of dialectal effects on
phoneme scores of NAMES®. Overall, the non-native listeners scored poorer
(roughly 1.5%) than the native listeners on the PRS. Although the difference of
1.5% was negligible, the result suggested a weak effect of dialect on the
listeners’ phoneme scores.
In the Dutch adaptation of the NAMES® test therefore, the effect of dialects in
Dutch is investigated. Some of his participants, who were considered to have a
mild or moderate hearing loss (based on their SRT), achieved high phoneme
scores in NAMES®. This indicates that the NAMES® test is a very easy task for
even those with moderate hearing loss, especially when the test is presented at
a supra-threshold level.

24

2.10 Summary of related tests
Test

Intent

Purpose

Target
group

Phonak PPT

Phoneme detection

Hearing aid fine

discrimination

tuning

Adults

identification
IfAP Lingogram

Hearing threshold

Hearing diagnostics Children

IfAP TiTaTu

Syllable identification

Rehabilitation

IfAP mFAST

Hearing threshold

Hearing diagnostics Children

H-LAD

Phoneme discrimination

Dyslexia

Children

diagnostics

and adults

MAUS

Phoneme identification

Auditory processing Children

discrimination
APE®

Phoneme detection,

Children

and adults
C.I. selection

Children

Adults

discrimination
identification
Digit Triplet test

Hearing threshold

Screening

PIT

Phoneme identification

Auditory processing Children

NAMES®

Phoneme and word

Diagnostics and

Children

identification

rehabilitation

and adults

Table 1 Tests related to NAMES®

Table 1 presents an overview of the main purposes of tests which are related to
NAMES®. Phonak PPT is language independent but focusses on speech
optimization for hearing aids in the high frequencies. The three subtests are
compulsory for optimizing hearing aid fitting. This can be too time consuming for
children. Lingogram provides an estimate of hearing thresholds of young
children. It is not intended for phoneme identification but can be complementary
to NAMES®, with information on the hearing acuity in different frequency
regions. Children need training to connect the Ling pictures to a sound. mFAST
has a similar purpose as Lingogram but uses animal sounds. It does not need
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much explanation because it is assumed that the child already is acquainted
with the animal sounds and their pictures. H-LAD, MAUS and PIT are meant for
diagnosing processing disorders, in which phoneme identification and
discrimination play a role. The PIT is designed to assess the spectral and
temporal discrimination skills of children with APD, whereas NAMES® intends
optimization of the hearing function. The Digit Triplet test, Bosman CVC lists
and Plomp and Mimpen test determine a speech reception threshold (SRT).
They provide no information on phoneme identification. The Bosman CVC lists
are most commonly used for speech audiometry in the Netherlands, but the
words are assumed to be known. That makes the test less suitable for very
young children. Plomp and Mimpen sentence tests are too difficult for children,
because of their limited phonological memory. The APE® test battery is mainly
used for cochlear implant selection and optimizing the mapping by
discrimination of phoneme clusters. The multiple-choice phoneme identification
part of the test uses representations of drawings of sounding objects
(onomatopoeia), like the Ling test. This is suitable for very young children, but
the test results are not as detailed as those from NAMES®.
NAMES® has its own place in the battery of available tests. All these 10 tests
are relatively language independent. Most of them have a different purpose and
some of them are only suitable for adults. What makes NAMES® unique is that
it is fast, and it gives specific data for optimizing the fitting of modern hearing
devices and for testing the phonological development of children. NAMES® data
can be presented as detailed phoneme information as well as quick overall
scores.

2.11 Conclusion
Speech test materials should represent every day’s speech. Nonsense words
must obey the phonotactical rules of the language for which the test was
designed, and they can be made more or less word-like by complying to
phonotactic rules as well as following the phonemic frequency of occurrence.
For children the test should be short and age appropriate. A clear set of
instructions for the client, will make the test more robust. Monosyllabic CVC
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words are recommended for children, because they minimally appeal to their
knowledge of language and short-term memory. Nonsense words are
nowadays quite commonly used in the assessment of language- and auditory
processing disorders in children.
Recording of the speech materials should be done professionally by a neutral
speaker, with special attention to the intonation. The energy of the test words
needs to be levelled and should be related to standardized calibration signals.
Recent speech tests for children such as Titatu take time and dynamic
processing algorithms of hearing aids into account. NAMES® can provide
average scores per phoneme position in the word. Phoneme scores of the
second syllable can cater for information about hearing aid dynamics.

In this literature review the researcher also referred to some older articles. That
information is still valid, because languages and the fundamentals of phonetics
do not change a lot in a few decades. Many scientific articles in the area of
phonetics still refer to earlier research like that from Lyregaard (1997). In Dutch
speech audiometry major fundamental research was done by Plomp and
Mimpen (1979b) whose principles are considered to be a standard for speech
testing. Many current articles still refer to their theories.
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3 METHODS
3.1 Ethics statement
All methods in this study were approved by the University of Hertfordshire,
Social Sciences, Arts and Humanities Faculty’s Ethics Committee with
Delegated Authority (ECDA) under protocol number: EDU/PGT/CP/03801
(Appendix 7). All participants were informed about the purpose of this research
(Appendix 8) and they have signed a written consent (Appendix 9) before
participating in this study.

3.2 Introduction
Word or phoneme recognition testing is routinely used by clinical audiologists to
aid in the selection and evaluation of appropriate amplification, to determine site
of lesion, to assess specific rehabilitative needs, and to assess central auditory
function (Bess, 1983). The aim of the NAMES® test was to assess the correct
recognition of words and phonemes, as they occur in the Dutch language. In
this section the researcher will explain the types of research used, which factors
were investigated and how. The researcher will explain how the test was
compiled and recorded, how participants were selected and how the data was
collected.

3.3 Method design used in this research
This research used a combined experimental and quantitative design. The
experimental part maintained control on all the factors that could affect the
results (Kombo and Tromp, 2006). The quantitative part of this research
presents information about the test/retest conditions, which relate to the
reliability of the test. As Babbie (2013) defines it: Quantitative methods
emphasize objective measurements and the statistical, mathematical, numerical
analysis of collected data using computational techniques. For instance, in this
study the factor hearing loss (level) can impact the phoneme recognition.
Normally this type of test should be done at a comfortable audible level. To
investigate the effects of hearing loss however, instead of presenting the test at
a fixed level of 65 dBSPL, which is normal conversational speech level, the
researcher choose to present the test also at two lower levels, 50 dBSPL and 35
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dBSPL. This made it possible to explore ceiling and floor effects of the test.
Experimenting with presentation and scoring methods enabled optimization of
the test conditions and it yielded recommendations for future versions and
adaptations of the NAMES® test. In the experimental part of the research a
causal relationship between hearing loss, different types of hearing losses and
the effects on phoneme identification could be scrutinized.

Through this triangulation of different test methods, validation of the obtained
data was feasible. For example, a high correlation between poor consonant
scores and presbycusis (high frequency) hearing loss is expected. With the
experimental design, the researcher was in control of the test parameters,
which could be changed individually, such as, selection of participants with or
without hearing loss, scoring methods and regional dialects. It helped us to limit
alternative explanations and infer direct causal relationships in the study.
Quantitative data retrieved from the NAMES® test gave numerical information
on the phoneme scores. The combination of this experimental / quantitative
approach provided the highest level of evidence for this study. For a full
validation of this test a larger quantitative study should be done with a higher
number of participants, in different age groups and preferably also with young
children.

The main aim of this research was to develop a Dutch version of the test and
check the most optimal parameters for presenting and scoring.
The scoring of this test was done by identifying the phonemes which the person
being tested repeats verbally, while the tester keyed them into the NAMES®
programme. The NAMES® words were presented in a random order. The
presented nonsense words were stored in the order in which they were
presented in NAMES®, together with the keyed in responses. BELLS®
calculated the word scores and the scores of seven pre-defined phoneme
categories. For research purposes data in BELLS® was selected and exported
in a CSV format. Consecutively the data was imported into Microsoft Excel for
statistical analysis and manipulation.
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3.4 Phonemic distribution
Words used in the test should equally represent the distribution of phonemes in
the language for which the test is used (Martin, Champlin and Perez, 2000).
With the limited number of words (n=20) it was not possible to create an exact
representation of all Dutch phonemes but at least it matched the distribution as
closely as possible. Calculated from the frequencies of the phonemes which are
used in this version of the NAMES® test, 93.7% of the Dutch vowels and 86.1%
of the Dutch consonants are represented. The /z/ was left out because in the
Northwest of the Netherlands the /z/ is voiceless as /s/ and in the South it is a
voiced sound.
For this study the token frequency data is used. Email correspondence with the
author of the lists (Prof. M. van Oostendorp 2018, personal communication, 19
October) confirmed that it is very unusual to arrange vowels and consonants
according to a type frequency. This is what normally is done with words in
sentences or texts. In this case the ‘token-frequency’ is about how often a
sound appears in a Dutch text when it has been described phonetically. Type
frequency relates to the number of words within the database in which this
phoneme occurs. Type and Token here relate to the words in the CELEX5
database. The respective Dutch phoneme distributions for Vowels and
Consonants can be found in tables 2 and 3.

5

CELEX- Dutch Centre for Lexical Informaton
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Dutch Vowel Distribution
Segment

Type frequency (%)

Segment Token frequency (%)

[ɑ]

14.5

[ə]

23.2

[ɛ]

11

[ɑ]

12.7

[ɔ]

10.7

[ɛ]

11.5

[ɪ]

9.1

[ɛi]

9.1

[a]

7.7

[a]

7.6

[e]

6.7

[ɔ]

7.3

[i]

6

[ɪ]

7

[o]

6

[o]

5.3

[ʏ]

5.9

[e]

5

[u]

5.7

[i]

5

[ɛi]

4.4

[u]

2.4

[œy]

3.1

[ʏ]

1.2

[ə]

2.6

[œy]

1.1

[ø]

2.3

[y]

0.8

[y]

1.9

[ɑu]

0.6

[ɑu]

1.7

[ø]

0.3

[ɛː]

0.7

[ɛː]

<0.1

[ɔː]

0.1

[ɔː]

<0.1

[œː]

0.1

[œː]

<0.1

Table 2 Dutch Vowel distribution (Linke and Oostendorp, 2018b)

Dutch has several diphthongs, as can be seen in figure 1, but only three of them
are indisputable phonemic [ɛi], [œy] and [ɑu] (Collins and Mees, 2003). All of
them end in a non-syllabic close vowel [i,y,u], but they may begin with a variety
of other vowels.

Fig. 1 Diphtongs of Northern Standard Dutch (Gussenhoven, 1999)
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Dutch Consonant distribution
Segment Type frequency (%)

Segment

Token frequency (%)

[s]

12.4

[n]

17.8

[r]

12.3

[t]

14.5

[t]

12.1

[d]

9.4

[l]

9.5

[r]

9.3

[k]

8.7

[z]

5.6

[n]

6.9

[l]

5.4

[p]

6.3

[k]

5

[x]

5

[m]

4.9

[m]

4.7

[v]

4.5

[f]

3.5

[s]

4.2

[b]

3.1

[x]

4.2

[ʋ]

3

[h]

3.7

[d]

2.2

[ʋ]

3.3

[v]

1.8

[p]

3.2

[j]

1.8

[b]

1.4

[h]

1.6

[f]

1.3

[z]

1.6

[j]

1

[ŋ]

1.6

[ŋ]

0.7

[ʃ]

1.1

[χ]

0.3

[χ]

0.4

[ʃ]

<0.1

[g]

0.3

[ʒ]

<0.1

[ʒ]

0.2

[g]

<0.1

[dʒ]

0.1

[dʒ]

<0.1

[c]

<0.1

[c]

<0.1

[ɲ]

<0.1

[ɲ]

<0.1

Table 3 Dutch Consonant distribution (Linke and Oostendorp, 2018a)

3.5 Phonotactic rules
The term phonotactics is a composition from the Greek words for “sound” and
“arrange” (Booij, 1978). In phonology, phonotactics is the study of the ways in
which phonemes are allowed to combine in a particular language. Phonotactic
constraints are rules and restrictions concerning the ways in which syllables can
be created in a language. Linguist Zsiga (2012) observes that languages “do
not allow random sequences of sounds; rather, the sound sequences which a
language allows are a systematic and predictable part of its structure”.
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The description of the phonotactics of Dutch relies heavily on the concept of the
syllable (σ) (Köhnlein and Linke, 2018b). The syllable is assumed to consist of
the hierarchically ordered constituents as can be seen in Figure 2.

Fig. 2 Constituents of a syllable (Köhnlein and Linke, 2018a)

There are however other factors that influence phonotactics, such as prosodic
factors. NAMES® words were recorded with special attention on the
pronunciation of the words, so that the prosody is similar in all the words.
Köhnlein & Linke (2018b) give a summary of factors that play a role in Dutch
phonotactics. Related to the NAMES® test design these are:

3.6 Phonotactics at the syllable level
•

The occurrence of consonants in clusters of two or more consonants is
more restricted. NAMES® lists use the CVCVC structure, thus these
limitations do not play a role.

•

The nucleus position of a syllable in Dutch is usually occupied by a
vowel. The NAMES® CVCVC string complies with this.

•

All consonants of Dutch, except for /h/, can occur in coda position (Booij,
1995).

3.7 Phonotactics at the word level
In words with more than one syllable, the sonority relation at the syllable contact
plays a role (Seo, 2011). The Syllable Contact Law (SCL) according to
Gouskova (2004) belongs to a class of constraints that require adjacent
elements to differ by a certain number of steps of a hierarchy. In the NAMES®
CVCVC string the first syllable always ends with a vowel, which according to the
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sonority hierarchy (Booij, 1995) is stronger than the consonants, as illustrated
below.

Sonority hierarchy:
vowels > glides > rhotics > laterals > nasals > fricatives > stops (decreasing
sonority) (Booij, 1995).

In the Dutch language, there are several rules for word stress. Köhnlein (2018)
mentions that in a large majority of cases, the placement of primary stress is
restricted to one of the last three syllables of a word. Phonetically primary stress
in Dutch correlates with:
•

Pitch movements

•

Intensity

•

Vowel duration, and

•

Vowel quality

During the recording of the NAMES® words, putting stress on either syllable
was avoided, to keep the word stress as identical as possible.

3.8 Generation of the NAMES® word lists
A specially designed Microsoft® Excel spreadsheet (Coninx, 2018b) was used
to generate 4 lists of 20 words each. When words were generated randomly,
some double words or words which resemble other known Dutch, English or
German words were unavoidable. Each row of words across the 4 lists was
generated using the same phonemes, therefore the words could be
interchanged. From these lists, one word from each row was selected for the
final test.
The CVCVC word was built as follows:
Consonant 1 - Vowel 1 - Consonant 2 - Vowel 2 - Consonant x3
(Con1-Vow1-Con2-Vow2-Conx3).
In this construct it was important to know whether a consonant (Conx3) could
occur in a final position of a Dutch word. In the Excel spreadsheet only the
consonants which are allowed at a final position of a word were included in the
Conx3 list.
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Vowels:
From the list of possible Dutch vowels, 10 (N1=10) vowels were selected for
use in the NAMES® lists. In the Dutch language there are 19 possible vowels,
but the selected 10 represented 93.7% of the occurrence of vowels in spoken
Dutch. N1 did not exceed 9-12 for two reasons:
•

The total number of vowels (at phoneme positions 2 and 4, Vow1 and
Vow2) is 40. Using 10 different vowels means that on average each
vowel will be used 4 times. A lower number would not allow statistical
analysis.

•

When using free typing input, a screen-based phoneme keyboard for
vowels was used. This keyboard did not contain too many keys, because
it could complicate and slow down the process of entering patient
response data.

Dutch phonotactical rules were observed and special and complicated vowels
were avoided. In the Excel sheet a list of 40 vowels was generated, which
contains N1, in this case 10 different vowels. The numbers of the vowels were
rounded, and their representation was entered in the Excel-generator sheet.

Consonants:
Twelve consonants (Mc135, Con1-Con2-Conx3) with the highest Frequency of
Occurrence were selected. In total they represented 86.1% of the consonants in
Dutch words. The /z/ which represents 5.6% was left out due to large regional
differences in pronunciation. From the remaining 12 consonants /d/, /v/ and /h/
were excluded at position Conx3, as they never occur as a final consonant in
Dutch words. In the recordings there was a neutral pronunciation of the /r/ which
is also marked by strong regional variations. The number of consonants, in this
version was limited to 12 because of the screen-based keyboard. Sixty
consonants were selected. The consonant distribution was calculated and
rounded, and the consonants were split up in two lists. One of 40 consonants
(Mc13) for the positions 1 and 3 in the word and a list of 20 consonants (Mc5)
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for the final position. All 60 consonants were entered in the Excel wordgenerator (Coninx, 2018b).

Generating words:
a. The Vowels, Consonants and final Consonants in the word-generator
Excel sheet were randomized. This was done through a formula in Excel
and the four wordlists (A, B, C and D) were generated accordingly (table
4).
b. The 80 generated words were checked according to the criteria below:
▪

From each row the most unknow “word” was selected

▪

Words that are close to a meaningful word in Dutch, English or
German were avoided

▪

Meaningful words were not selected
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3.9 Selection and exclusion of words
Nr

List A

List B

List C

List D

1

tɛsan

sɛtan

tasɛn

2

pəxət

xəpət

3

rənen

4

extra

List 3

List 4

satɛn

tɛsan

satɛn

pəxət

xəpət

pəxət

xəpət

nəren

renən

nerən

nəren

renən

dɛtɛx

tɛdɛx

dɛtɛx

tɛdɛx

tɛdɛx

dɛtɛx

5

dɔvip

vɔdip

divɔp

vidɔp

vidɔp

vɔdip

6

halɔt

lahɔt

hɔlat

lɔhat

hɔlat

lahɔt

7

datɑr

tadɑr

datɑr

tadɑr

tadɑr

datɑr

8

tIrɛim

rItɛim

tɛirIm

rɛitIm

tɛirIm

rɛitIm

9

dɑnIk

nɑdIk

dInɑk

nIdɑk

dInɑk

nɑdIk

10

rɑhɛin

hɑrɛin

rɛihɑn

hɛirɑn

rɑhɛin

hɛirɑn

11

vətes

təves

vetəs

tevəs

vətes

tevəs

12

nədor

dənor

nodər

donər

nodər

nədor

13

nɔmot

mɔnot

nomɔt

monɔt

monɔt

nɔmot

14

mIlɛt

lImɛt

mɛlIt

lɛmIt

mɛlIt

mɛlIt

15

dədəl

dədəl

dədəl

dədəl

dədəl

dədəl

16

nɛisɑk

sɛinɑk

nɑsɛik

sɑnɛik

sɑnɛik

sɛinɑk

17

nɑkət

kɑnət

nəkɑt

kənɑt

kənɑt

nəkɑt

18

vəgɛn

gəvɛn

vɛgən

gɛvən

vəgɛn

gəvɛn

19

təkar

kətar

takur

katər

ratək

takər

20

nirɛil

rinɛil

nɛiril

rɛinil

nɛiril

nirɛil

mɛlIt

ratək

Table 4 Generated NAMES®-NL word lists

The words marked in green were in the final selection for List 3, and the words
in blue were selected for list 4. Words marked in yellow had a resemblance with
Dutch words and therefore were excluded from the selection. The word “mɛlIt“
in row 14 was selected in both lists because of the better pronunciation by the
speaker. From row 19, an additional word “ratək” was composed from the
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available phoneme combinations, to allow the /r/ to appear two times as a start
consonant and two times as a final consonant, for a better balancing of the list.

3.10 Audio recording
3.10.1 Recording equipment and specifications
The recordings for the NAMES® word lists were done in a sound treated
chamber at an audiological centre. A large membrane 2/3-inch AKG Perception
120 USB microphone was connected to a laptop via a standard USB port. The
microphone was mounted on a shock mount with a plop filter on a tripod as in
figure 3.

Fig. 3 Audio recording setup

The words were recorded with Audacity® version 2.2.2 software as a mono
signal in 24-bit resolution at a 44.1 kHz sample rate. Through the on-body
switch on the microphone a bass cut was selected to avoid unwanted low
frequency noise. Recordings were stored on the computer in an uncompressed
PCM wave (.wav) format.
3.10.2 Recording procedure
The word lists were spoken by an experienced female speaker. The two main
reasons for this were that firstly the test is mainly intended for use with children,
and young children are often more acquainted to the voice of the mother.
Secondly, the overall formant frequencies of female speakers are higher than
38

those from male speakers (Pépiot, 2015). Pépiot also found that consonants
were proportionally longer in words produced by female speakers than by men,
and they are likely to be more important than vowels in oral word recognition
(Owren and Cardillo, 2006). Therefore, female speakers tend to produce
“clearer” speech. Lyregaard (1997) recommends the use of a common national
dialect, preferably a Radio or TV broadcasting speaker, because most people
are used to that dialect. During the recordings, each word was preceded by a
carrier word and followed by a carrier word. For example: “one–word1–two”,
and “one-word2–two”, to avoid prosodic differences towards the end of the
word. The words were spoken by a presenter first and were then repeated by
the speaker to avoid prosodic differences towards the end of the lists. Words
were recorded at a -12dB peak level to have a good amount of headroom to
avoid distortion.

3.11 BELLS® platform and NAMES® interface
3.11.1 BELLS® platform
BELLS® is an acronym for “Battery for the Evaluation of Language and
Listening Skills” (Coninx, 2018a). It is a software platform developed over the
last two decades by Prof. Coninx at IfAP6. This platform is a test management
system with a client database and test interfaces for several audiological tests
and rehabilitation tools. The BELLS® database can be used for detailed
inspection of the test results. Batch files can be created for randomisation and
the platform is flexible and suitable for research. By using an external
microphone, it can also judge and reject test results based on ambient noise
and it can record client responses for later evaluation.
3.11.2 NAMES® interface
The NAMES® test offers versions that differ mainly in the way, the response
from the patient is registered and entered into the computer.
The scoring methods are:

6

Institut für Audiopädagogik (audiopedagogics) IfAP Solingen Germany

Coninx is Emeritus Professor in Educational Audiology, University of Cologne, Faculty of
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1. The patient repeats what he/she has heard, and the examiner selects the
buttons of the phonemes which were correctly repeated.
2. The patient repeats the stimulus and the examiner enters the phonemes
into 4 or 5 response buttons through special on-screen simplified
keyboards. Table 5 shows the characters on the NAMES® keyboard
compared to the IPA descriptors (Appendix 1). The examiner does not
see the target word on the screen.
IPA

NAMES®

[ə]

u

[ɑ]

a

[ɛ]

e

[ɛi]

ei

[a:]

aa

[ɔ]

o

[ɪ]

i

[o:]

oo

[e:]

ee

[i]

ie

Table 5 IPA versus NAMES® keyboard characters.

3. NAMES® software identifies the phonemes in the patient’s spoken
response automatically, using an automatic speech recognizer software
tool operating at the phoneme level. This feature is still under
development.
4. There are also options for self-test, where the patient can key in or select
the phonemes which he or she recognized.

3.12 Test equipment
Participants in this research were tested in sound treated chambers at
audiological centres. All testing was done using a Sennheiser HD 280 Pro
closed circumaural headphone with a high ambient noise attenuation (<32 dB).
The test words were presented through NAMES® software running on a
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Microsoft Windows 10 laptop with a touch screen for collecting responses. The
audio signal to the headphone was delivered through an external NuForce
uDAC-2 asynchronous 24-bit, USB Digital to Analog Converter – headphone
amplifier. The volume control of the uDAC was set and fixed in the mid position.
Figure 4 shows a schematic diagram of the test setting.

Fig. 4 NAMES® test setup

The combination of the headphone and DAC was calibrated at IfAP using a
Grass calibration system. When spoken at conversational level, running speech
averages 65 dBSPL with positive peaks of the signal accruing 12 dB above the
average level, and the negative peaks occurring at approximately 18 dB below
the average level (ANSI, 2009; Skinner, 1988). Thus, the intensity range of
average conversational speech is approximately 30 dB (47-77 dBSPL). For the
actual test, a presentation level which most likely results in the highest possible
score should be used. According to findings of Maroonroge and Diefendorf
(1984) this should be done at 30 to 40 dBSL (relative to SRT) for those with
normal hearing, and 40 dBSL for hearing impaired clients. In clients with retro
cochlear pathology a decrease in speech recognition may be shown when the
intensity increases (Jerger and Jerger, 1971; Dirks et al., 1977). This effect is
called “roll-over”. Therefore, the words should not be presented too loudly. The
intensity of the speech level was determined by measuring the Root Mean
Square (RMS) value of the NAMES® words and adjusting the level to the
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reference CCITT noise which is generated and used for calibration in the
BELLS® platform. Figure 5 shows the BELLS® calibration menu.

Fig. 5 BELLS® calibration menu

3.13 Selection of the participants
Depending on the age and status of hearing loss of the participant he or she
was placed in either group 1 (18-59 years, normal hearing) or in group 2 (>= 60
years or hearing loss). The groups were sub-divided with respect to the region
in the Netherlands from which they originate. Group 1 consisted of 35 normal
hearing persons. Their hearing acuity was screened using the BELLS®
Duotone®7 test (Appendix 3) with the frequencies 500 Hz and 6 kHz, or by
conducting BELLS® Pure Tone threshold audiometry (Appendix 4). Participants
in this group did not have a higher threshold than 30 dBHL at one of the octave
frequencies between 500Hz and 6 KHz. Group 2 consisted of 24 participants
between 60 and 80 years, as well as younger participants with a known hearing
loss (PTA >30dBHL). This group was used to determine the effects of hearing
loss on the NAMES® test results. Pure Tone air conduction audiometry was
done with this group at octave frequencies from 500Hz to 8 kHz. Participants
were recruited from three different regions in the Netherlands, to investigate
whether there were effects of dialects.

7

The DuoTone® procedure is patended by Coninx IfAP Solingen.
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3.14 Test Procedure
The NAMES® words were presented at both ears asynchronously, monaurally
in a random ear and word order. The participants were asked to repeat what
they had heard and the test leader keyed in the responses on a dedicated
touchscreen keyboard as shown in figure 6. The instructions for participants can
be found in Appendix 10. The participant’s responses were recorded for later
verification by other examiners which is further explained in the “Results”
section.

3.15 Scoring method used in this research
Scoring in this research was done by the test leader who keyed in the
phonemes spoken by the participant. Figure 6 shows a screenshot of the Vowel
keyboard. The interface is designed in such a way that the layout of the
keyboard changes for consonants and vowels depending on the phoneme
position in the word. This makes the interface clear and efficient. It is also
possible to have both keyboards on the same screen, but prior experiences
prove that responding takes longer, which increases the test time. The position
and the characters of the phonemes on the keyboard can be set individually in
the BELLS® software. The arrangement of the keys can also be changed.
Furthermore, it is possible to include keys such as “All correct” and “All wrong”
as in figure 7, to speed up the entry process. This was not used in this
experiment. It is also possible to score on the entire word for screening
purposes. In this research we scored all the phonemes individually to have
more detailed results. The “NAMES®“ word can be presented on the screen, but
for this research a blind scoring was preferred by the test leader, to minimize a
response bias.
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Fig. 6 Screenshot NAMES® vowel score keyboard

Fig. 7 Screenshot NAMES® score with extended options

3.16 Data collection
The data collection protocol started with presenting the word lists in the
following order: 65 dB (R/L) – 65 dB (L/R) – 50 dB (R/L) – 50 dB (L/R) – 35 dB
(R/L) – 35 dB (L/R). The test ear to start with was selected randomly and at
each consecutive test the side was changed. Soon after the start of the
experiment a memory effect was suspected because some participants could
literally reproduce the words at the lowest presentation level, despite the use of
nonsense words which should be difficult to remember. Therefore, it was
decided to reverse the presentation order to minimize that effect: 35 dB (R/L) –
35 dB (L/R) – 50 dB (R/L) – 50 dB (L/R) – 65 dB (R/L) – 65 dB (L/R).
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Not all participants could be tested at 35dB. After testing some more
participants, it was found that a few of them reported that they could hear the
words in both ears. A check of the equipment showed that when the right ear
was selected, both ears were stimulated. This fault in the software corrupted the
data. Therefore, it was decided to discard the acquired data and first have the
software problem fixed.
There still was a suspicion that a few participants could remember some words
or part of the words. It was decided to compile another list (List 4) out of the 4
generated lists (A, B, C, D), see table 4. In the two lists which were used, only
some phonemes exchanged position, so the lists could be relatively similar. At
each level, two different lists were used for the right and left ears and words
were still presented in a random order.

Audio recordings were made from most of the tests to investigate the reliability
of the scoring by the researcher. This was done with a Tascam DR-05 handheld
audio recorder placed near to the respondent.
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4 RESULTS AND ANALYSIS
4.1 Introduction
Speech Audiometry can be done for different purposes. It either can be used for
differential diagnosis, or for hearing evaluation that is related to treatment of
communication problems associated with hearing disorders (Lawson and
Peterson, 2011). The NAMES® test focusses more on the latter one. This
section will discuss in detail the results of the two groups of participants; normal
hearing listeners and the group with hearing loss. Results will be explained with
a few examples. Inter-rater reliability of different examiners will be discussed,
and other influencing factors and regional differences will be highlighted.

4.2 Score interpretation
NAMES® can present results as Word Recognition Score (WRS), Phoneme
Recognition Score (PRS) and it can present scores of predefined phoneme
categories. PRS is the number (percentage) of phonemes correctly identified
out of 100 phonemes per list. Phoneme error analysis is important in hearing
aid assessment and aural rehabilitation. Table 6, by Kramer (2018) shows the
commonly used categories to qualify Word Recognition Scores. This kind of
qualification is typically used by audiologists to give some type of limited
explanation.

WRS Word

Degree of Impairment

(Percent Correct)

Word Recognition
Ability

100-90

None

Excellent/Normal

89-75

Slight

Good

74-60

Moderate

Fair

59-50

Poor

Poor

Very poor

Very poor

<50

Table 6 Categories to describe results of WRS testing (Kramer 2018)

Madell (2011) however is much more critical towards speech perception scores,
especially for children in a regular classroom (see table 7). She argues that, if a
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child has a speech perception score of 74% and it is described as good or
excellent, the assumption will be that the child is doing well and that nothing
should be changed in his management. But if it is rated as fair, professionals
should try their best to improve speech perception. Test results are critical in
planning hearing management, especially for children who are building their
phonemic awareness (Miller, Bergeron and Connor, 2008). Well fitted hearing
devices and optimized acoustical classroom conditions are imperative to
improve learning conditions for hearing impaired children. I concur with Madell,
being very critical on presenting the scores. Monitoring tests like NAMES® help
professionals with evidence about the child’s phonological development.

Qualification

Speech Perception Score

Excellent

90-100%

Good

80-89%

Fair

70-79%

Poor

<70%

Table 7 Speech Perception Qualifiers (Madell et al 2011)

The seven phoneme categories which were defined for the Dutch version of the
NAMES® test can be found in the first column of table 8. Column two gives the
descriptor used on the NAMES® keyboard and column three shows the IPA
descriptor of the phoneme. The last two columns provide phoneme examples in
Dutch and British English words to the extent that the phoneme exists in
English. For this study, a group of 77 participants was recruited. But due to a
software problem at the beginning of the experiment, the first 18 participants
were discarded. Two other participants were rejected; one because of wrong
test settings and the other one because of profound hearing loss. Participants
were selected from the South, North and West of the Netherlands.
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Category

Phoneme

IPA descriptor

NAMES®

Example

Example (British)

Dutch

English

Vowel

e

/ɛ/

leg

get

Vowel

a

/ɑ/

pan

arm

Vowel

i

/I/

lip

sit

Vowel

ee

/e:/

zee

Vowel

ie

/i/

liep

Vowel

u

/ə/

put

Vowel

o

/ɔ/

zot

Vowel

oo

/o:/

boom

Vowel

aa

/a:/

laat

Diphthong

ei

/ɛi/

klein

Plosive

t

/t/

tak

time

Plosive

d

/d/

dak

do

Plosive

p

/p/

paard

pig

Plosive

k

/k/

kas

kilo

Fricative

ch

/x/

lach

Fricative

s

/s/

sap

six

Fricative

v

/v/

vuil

very

Nasal/lateral

n

/n/

nat

no

Nasal/lateral

m

/m/

man

milk

Nasal/lateral

l

/l/

lat

live

Rhotic

r

/r/

rat

read

Aspirate

h

/h/

waarheid

home

heat

not

half

Table 8 Phonemes and phoneme categories of the Dutch NAMES® test

Whenever possible the researcher tried to conduct the NAMES® test at three
different levels and separate for each ear; 35dBSPL - 50dBSPL and 65dBSPL. In
the group with hearing loss it was not possible to test all participants at 35dB
48

and 50dB. Table 9 presents the distribution of participants according to the two
groups and the three regions. The average age of the group 1 participants was
38;6 years (n=35).

Group 1

Group 2

Σ

North

5

8

13

South

23

8

31

West

7

6

13

Region

Table 9 Distribution of participants (n=57)

4.3 Overall results

NAMES Average scores Group 1
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
3-35dB

3-50dB

3-65dB

% Words correct

4-35dB

4-50dB

4-65dB

% Phonemes correct

Fig. 8 NAMES® average word scores per list Group 1

Speech test scores for normal hearing participants at conversational level (65
dBSPL) should be relatively high, near to 100% (Nguyen, 2017). The graph in
figure 8 shows that the phoneme scores were significantly higher than the word
scores, as expected (Markides, 1978). In more difficult listening situations or in
case of hearing loss, the differences between word- and phoneme scores
become larger (Billings et al., 2016). Minimal differences were observed
between the two Dutch wordlists used. The maximum average phoneme scores
for this group reached up to 97% for list 3 and 96% for list 4 respectively, which
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is similar to the findings of Nguyen who found an average 96% PRS (Nguyen,
2017). The use of nonsense words contributes to the fact that scores do not
reach the maximum 100% score at normal conversation level.
After the researcher had tested the first group of participants, memory effects
were suspected, because even at lower presentation levels a few participants
literally repeated some of the words. In response to that the presentation order
of the lists was reversed. The test was started at 35 dB instead of 65 dB and a
second word list (list 4) was included. Each ear was tested with a separate list.
Both lists consisted of the same phonemes, but with a different order within the
words. To investigate whether both lists were comparable, a Long Term
Average Speech Spectrum (LTASS) analysis was done with the analysis
function of Cool Edit 2.1 software (2003). Byrne et al. (1994) state that the
representations of the long-term average spectrum of speech have various
acoustical and audiological applications. One of the examples which they give is
the use in hearing aid prescription procedures and prescriptive formula. The
researcher measured three LTASS spectra which are presented in figure 9.
1. 2 minutes running speech from the female speaker of the NAMES-NL
words (blue)
2. NAMES-NL list 3 (green)
3. NAMES-NL list 4 (red)

Fig. 9 LTASS spectra
Blue-running speech female NAMES speaker Green–List 3-65 dB Red–List 4-65 dB
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The purpose of this measurement was twofold; compare the spectra of the two
wordlists used in this experiment, and to investigate how these relate to running
Dutch contemporary speech.
The spectra of both lists (green and red curves) in figure 9 are nearly identical.
This is expected, because the lists consist of the same phonemes, but only with
some minor position changes within the words. Differences in amplitude are
less than 3dB. The shapes of the LTASS spectra of the two wordlists are also
quite comparable with the LTASS of running speech. Differences between them
can be explained by the fact that not all phonemes are represented in the two
wordlists, but only the most frequent phonemes. Common in the three graphs is
the decrease in amplitude of approximately 30 dB at 6 KHz. This is also what
Byrne (1994) found in his study where he compares the LTASS spectra from 12
different languages. The vowels, which are in the 400Hz – 500 Hz region
provide the greatest energy.
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4.4 Results of group 1

Phoneme score

Group 1 average phoneme scores n=35
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

3-35dB

4-35dB

3-50dB

4-50dB

3-65dB

4-65dB

Fig. 10 NAMES® average phoneme scores Group 1

At 65dB presentation level, all scores of Group 1 remain above 90%. The
aspirate and diphthong categories led to extreme values because they
represent a relatively small number of phonemes and thus, they are statistically
less representative.
The 50 dB scores range between 65 and 98%, which reflects the difficulty of
phoneme identification between the seven categories. The 35dB presentation
level reaches the hearing threshold for most participants, so these results are
less predictable. Vowels have higher energy levels and therefore present higher
scores.

4.5 Results of group 2
The results in group 2 are much more dependent on the participant’s hearing
acuity, so generalization of the data is less meaningful. Therefore, results will be
discussed based on a few examples. Comparing the average results of group 2
in figure 11 with the average results of group 1 in figure 8 shows that in general
the scores are lower and that the differences between word and phoneme
scores are larger.
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Names Average scores Group 2
100%
90%

Averages scores

80%
70%
60%
50%
40%
30%
20%
10%
0%
3-35dB

3-50dB

3-65dB

% Words correct

4-35dB

4-50dB

4-65dB

% Phonemes correct

Fig. 11 NAMES® average word scores per list Group 2

Most of the participants in group 2 had a high frequency hearing loss. This
impacted especially the fricatives, which represent the higher frequencies. A
difference in presentation level of 15 dB, already gave a decrease in fricative
scores of more than 50% at 50 dB, as can be seen in figure 12. From the same
graph, it is obvious that the diphthong scores in group 2 are completely different
with that of group 1 in figure 10. In this test only one type of diphthong the /ɛi/
was used. In both lists, there were only 4 diphthongs out of the 100 phonemes.
Therefore, this category can show extreme values, which are not always
statistically relevant. The same applies for the aspirates.
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Phoneme score

Group 2 phoneme scores n=22
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

3-35dB

4-35dB

3-50dB

4-50dB

3-65dB

4-65dB

Fig. 12 NAMES® average phoneme scores Group 2

4.6 Examples
In the next pages a few examples explaining the impact of the participant’s
phoneme scores at different types of hearing loss are discussed.
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Participant N57

Fig. 13 Pure tone audiogram of participant N57

N57
Phoneme score (%)

100
80
60
40
20
0
Phon.corr.

Vowel

35 dBL

Diphthong Plosive
35 dBR

50 dBL

Fricative
50 dBR

Nas-lat

65 dBL

Rhotic

Aspirate

65 dBR

Fig. 14 Phoneme scores per category of participant N57

The audiogram in figure 13 shows that participant N57 had a slight high
frequency loss, above 2 kHz. At 6 kHz the loss in the left ear was about 15 dB
greater than at the right ear. The fricative scores in figure 14 at 50 dB clearly
show the impact of that loss on the phoneme score compared to the right ear.
Also, in the nasal-lateral category a lower score is found for the left ear. It is
arguable whether this difference would be observed in speech audiometry with
existing words.
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Participant N73

Fig. 15 Pure tone audiogram of participant N73

Phoneme score (%)

N73
100
90
80
70
60
50
40
30
20
10
0

50 dBL

50 dBR

65 dBL

65 dBR

Fig. 16 Phoneme scores per category of participant N73

A relative flat mild hearing loss as in the audiogram in figure 15 impacts all
phonemes and results in a lower overall score (figure 16). Measurements at a
35dB were not possible with this participant. WHO (2013) refers to a disabling
hearing loss, when it is greater than 40 dB in the better hearing ear in adults
and greater than 30 dB in the better hearing ear in children. This marks the
importance of this test for children.
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Participant N49

Fig. 17 Pure tone audiogram of participant N49

Phoneme score %

N49
100
90
80
70
60
50
40
30
20
10
0

65 dBL

65 dBR

Fig. 18 Phoneme scores per category of participant N49

Participant N49 had a mild hearing loss of 40 dB in the low frequencies up to 2
kHz and a steep sloping moderate high frequency hearing loss up to 75 dB as
shown in figure 17. This hearing loss leads to a reduced overall phoneme score
of 53% for the left ear and 64% for the right ear, which can be explained by the
differences in the audiogram. At conversation level the vowel scores are
reduced to 80% (figure 18) which complies with the low frequency loss. The
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score of the plosives which represent the 500 Hz to 1500 Hz region is also
lower. This may be caused by the plosives at the word initial and word medial,
which have less energy than the word final plosives, as can be seen in the
consonantal speech banana in appendix 2. The high frequency loss in the left
ear at 4 kHz is 10 dB greater than at the right ear. This explains the lower
fricative score in the left ear and it again reflects the presumed sensitivity of this
test.

4.7 Results student sub-group
Group 1 was defined as a group of normal hearing participants with a hearing
threshold better than 30dBHL. This still cannot be considered as a homogenous
group. Therefore, a sub-group was selected which comprised of 8 young
university students with an average age of 20;4 years. For this group, near to
maximum phoneme scores on the NAMES® test would be expected.

Average phoneme scores (%)

UNIVERSITY-students n=16 ears
100.0
90.0
80.0
70.0
60.0
50.0
Phon.corr.

Vow/Diph

Plosive/Asp

Fricative

Nas-lat

Rhotic

Phoneme categories
50dB

65dB

Fig. 19 NAMES® average phoneme scores subgroup of University students

The graph in figure 19 gives the average student’s phoneme scores at 50dB
and 65dB presentation levels. Only the fricative score at 65dB shows a ceiling
effect. Comparing these results with the scores of group 1 in figure 10 shows
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that this group of students’ overall score was better by about 3% at 65dB but
shows larger differences at 50dB. This indicates that this test is sensitive, but a
larger group of participants will be needed for reliable norm data.

4.8 Examiners reliability
To investigate the inter-rater reliability, audio recordings were made of most of
the tests. From these recordings 6 lists at 50 dB level were selected. Three
were from male and three from female participants. Three audiology
professionals (T2, T3, T4) scored these lists, presented from a computer
speaker at normal conversation level. Average score results of the group
professionals compared to the scores of the researcher (T1) as presented in
figure 20 show that overall the researcher was scoring about 10% more
favourable than the professionals. This cannot be explained by the hearing
acuity of the researcher. Their audiograms are in appendix 5. Possible
explanations are:
-

researcher’s familiarity with the words which biases the expectation of
the participant’s response

-

the live presentation mode, where the researcher, made use of speech
reading

-

interpretation on how to score

Bosman (1995) states that nonsense syllables are well suited for analytic
testing using either an open or closed-response format, but he indicates that
their use as test items require that the examiners should be thoroughly trained,
as naïve listeners tend to respond with sense words.

Phoneme score (%)

Average over 6 lists
100
80
60
40
20
0

T1

(T2,T3,T4)

Fig. 20 Comparison phoneme scores researcher with other examiners
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As a result of these findings, I recommend drafting of proper instructions for the
examiners. It should be noted that presentations of this test at supra-threshold
level, are easier to score. At that level participants are more secure in their
responses and they are louder with their utterances.

4.9 Dispersion of the PRS scores
PRS
Mean

Group 1-65dB

Students – 65dB

Group 1-50dB

Students-50dB

96,56

97,50

78,46

83,44

Median

97

98

80

85

Quartile 1

95

95,75

73,25

80,5

Quartile 3

99

99

85

88,25

IQR

4

3,25

11,75

7,75

SD

2,81

2,03

12,56

7,72

MIN

86

93

22

65

MAX

100

100

97

97

Table 10 Average and dispersion values of the PRS scores

All participants of Group 1 met the criterion of having a better hearing threshold
than 30dBHL but they did not have the same hearing acuity. This results in a
dispersion of their phoneme recognition scores. As shown in table 10.
Interquartile range (IQR) and standard deviations (SD) have been calculated for
group 1 and for the sub-group of university students. In general SD should be
smaller than IQR. This is not the case in Group 1 at 50 dB. This probably can
be explained by a few outliers. IQR in this case will be a better indicator for the
dispersion of the data, because it will be less affected by the outliers.

Due to the homogeneity of the group, the dispersion of the phoneme scores of
the university students as shown in figures 24 and 26 was slightly less than that
of Group 1. However, the difference between the IQR’s of both groups gets
larger when the presentation level is lower. This clearly indicates an influence of
hearing loss on the dispersion of the scores. When collecting age related norm
data, it therefore will be recommended to divide the group in several age
categories, for example in 10-year age groups.
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At both presentation levels there was one outlier, participant N52, marked by
the red circles in figures 23 and 25. The audiogram of this participant is shown
in figure 21.

Fig. 21 Audiogram of participant N52

This outlier cannot be explained by the audiogram. In group 1 there were
several participants with similar losses who scored better. The presentation
order was, first the right ear and then the left ear. The hearing level of this
participant’s right ear in the higher frequencies is between 5 and 15 dB better
than in the left ear. At the 65dB presentation level however the score for the
right ear is worse than the left ear. On the other hand, at the 50dB presentation
level the score for the right ear is better. A possible explanation for this
inconsistency and poor results might be an auditory processing disorder. This is
the only participant in this research where this observation occurred, and
therefore we must be a bit careful with conclusions.

In figure 25 another outlier, marked by the green circle for participant N48 was
noted. The participant first scored 44% for his right ear and then 74% for his left
ear. This participant has a normal hearing, (see figure 22), and therefore this
outlier cannot be justified. The scores from this participant at 65dB were within
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normal range, as was the score for 50dB for his left ear. The most likely cause
for this outlier is a dip in the attention of the participant.

Fig. 22 Audiogram of participant N48

dispersion Group 1 65dB
100
98

PRS (%)

96
94
92
90
88
86
84
0

10

20

30

40

50

60

70

35 (+1) participants (Left and Right ear)
Fig. 23 Dispersion of Phoneme Scores Group 1 at 65dB

When list 4 was introduced in this experiment, results of one participant were
used to cross check the outcomes with list 3. Scores were within 2% and this
confirmed that we could proceed with that list. It explains the two extra data
points in the graph of figure 23.
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dispersion University students 65 dB
100
98
96

PRS (%)

94
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88
86
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8 students (Left and Right ear)

Fig. 24 Dispersion of Phoneme Scores University students at 65dB

dispersion Group 1 - 50dB
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70

35 participants (Left and Right ear)
Fig. 25 Dispersion of Phoneme Scores Group 1 at 50dB
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dispersion University students - 50dB
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8 participants (Left and Right ear)
Fig. 26 Dispersion of Phoneme Scores University students at 50dB

4.10 Regional effects
When results from the three regions were compared, no evidence was found for
serious effects of regional dialects. A suspicion that the word “monɔt” could be
linked to the German word “monat” (month), could not be proven. There even
could be a bias towards the second syllable “nat” which means ‘wet’ in Dutch.
The phonemes /ɔ/ and /ɑ/ are very close and it is arguable whether this small
difference is relevant to the test.
One important observation was that the phoneme /v/ in the West of the
Netherlands is pronounced as an /f/. This can lead to different interpretations in
the scoring. In the Netherlands it is common practice in speech tests to score a
/v/ correct when /f/ is spoken, especially for participants from the Western
regions. Nguyen (2017) found in the Vietnamese version of NAMES® a small
dialectical effect (roughly 1,5 %) in the phoneme scores of non-native listeners
from another Vietnamese region. According to Nguyen the Northern and
Southern Vietnamese dialects are different because of the history and
geographic separation. The distance from North to South Vietnam is like that
from Northern to Southern Europe (Copenhagen to Rome). In the Netherlands
we also have regional dialects. But in this research care should be taken when
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interpreting the results between the three regions, because of the relatively
small number of participants. Also, here the effect appears to be small at the
65dBSPL presentation level. Participants from the North scored about 1.9 %
worse, from the South 0.4% better and from the West 0.5% worse than
average. It is an indication that if at all there are regional dialect effects these
probably have a small influence, of less than 2% on the PRS.

Group 1 average scores per Region at 65 dB
100

Score in %

95
90
85
80
75
70

North

South

West

Fig. 27 Average scores per region

The scores across the two regions South and West are quite similar (figure 27).
The slightly lower scores for the group from the North can probably be
explained by their small number (n=5) in this group. One or two poor scores can
have a large effect.

4.11 Conclusion
The Dutch version of NAMES® seems to be a sensitive, quick and reliable test
to check phoneme identification. The overall word and phoneme scores are
useful indicators for screening. No major unforeseen regional effects of dialects
were observed. Recommendations should be made towards the instruction of
examiners. For statistical relevance phoneme categories with less than 10
phonemes should be combined. In this Dutch version, I recommend combining
the diphthongs with the vowels and the aspirates with the plosives.
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5 DISCUSSION
5.1 Introduction
In this section the connection will be made between the research questions, the
development of the test and the first experiences. Recommendations will be
made for improvements of the test and suggestions will be done for further
research.

5.2 Project purpose
The main purpose of this project was adapting the NAMES® phoneme
identification test for the Dutch language. The research had three main
objectives:
-

Identify relevant parameters for the test

-

Compose and record the test

-

Evaluate the test

5.3 Parameters
Through a literature review, relevant linguistic, phonetic and design parameters
for developing a Dutch version of the test were identified, which included:
-

Phonemic balancing

-

Phonotactic rules

-

Standards, calibration and word balancing

-

Requirements for testing children

-

Recording method

-

Scoring options

In most of the literature (Meister, 2005; Bosman and Smoorenburg, 1995;
Martin, 1997) it is emphasized that a speech test should be phonemically
balanced, to optimally represent the current spoken language. Bosman (1995)
argues that phonemic balancing increases the validity of the test for the
prediction of speech perception in real-life conditions. Gelfand (2001) however,
found that phonemic balancing had little impact on the outcome of speech
recognition tests. He questions its clinical relevance. In my opinion it depends
on the purpose of the test. Screening might not require an exact representation
if the major phonemes and phoneme categories are included. But for
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assessment of hearing in real-life situations a near to correct representation of
the language is needed. In that case I support Bosman’s (1995) view. In a
NAMES® wordlist with only 20 words, and a total of 100 phonemes it was not
possible to include all phonemes. At least most of the phoneme categories are
represented by a selection of phonemes with the highest frequency of
occurrence. Phonemic balancing, in combination with application of phonotactic
rules made the nonsense words sound like natural words.
NAMES® was designed as a speech screening tool for testing children.
Theoretically nonsense words should be independent of the child’s language
level, but for young children we have to consider the stage of their phonemic
awareness development and their phonological memory (Anthony and Francis,
2005) and the child should be able to reproduce the sound (Oller, Oller and
Badon, 2014). Young children were not included in this research on purpose, so
that these factors do not play a role in this evaluation of the design. In the
literature review however, there was a special focus on requirements of speech
tests for children. Several arguments were found (Jusczyk et al., 1993; Jusczyk,
Luce and Charles-Luce, 1994; Gaygen, 1997; Pitt and McQueen, 1998) why
phonotactic rules are important for speech recognition in children, even when
using nonsense words. This, together with the importance of natural sounding
test-words were reasons to investigate the Dutch phonotactic rules.
The literature review was also used to relate the NAMES® test to other existing
linked tests. This revealed that NAMES® has its unique purpose and position
and can complement other tests.

5.4 Scoring and score reliability
Even though that in this research all testing was done under quiet conditions
and that all participants were tested by the same examiner, there were several
factors that could have influenced the scoring:
-

The hearing acuity of the examiner

-

Bias in scoring towards know test words

-

Unclear articulation of the participants at lower presentation levels
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-

Keyboard confusions among vowels and long vowels e.g. /I/ and /i/, /ɔ/
and /o:/, and between /ɛ/ and /ə/

-

Regional pronunciation of /v/ as /f/

NAMES® words are presented as CVCVC combinations. If clients respond with
other sequences it was not always obvious on how to score. Clear instructions
and training of the examiners is necessary, and an unambiguous scoring
instruction must be made. It would be worthwhile to investigate whether there is
a large bias effect when the word is presented on the screen and the examiner
just selects the correct phonemes. That method will limit the response
possibilities but might improve the reliability. Scoring reliability is a critical factor
for comparing results. Scoring can be made more independent of an examiner
by using phoneme recognition algorithms. Prof. Strik from Radboud University
Nijmegen (H. Strik 2018, personal communication 2 October) affirmed that in
the last decade speech to text recognition software has made an enormous
progress, however detection of individual phonemes is still very difficult because
they relate very much to the position in the word and the combination with other
phonemes in the syllable, as the researcher also found in his literature review
(Booij, 1995; Köhnlein and Linke, 2018b). According to Strik no useful software
is currently available, but promising research is going on. He referred to one of
his earlier articles with experiments in this area (Wester et al., 2001).

The interactive keyboard, which only shows the consonants or vowels
depending on the score position is very efficient. It is user friendly towards
examiners who are not acquainted with the IPA symbols, though it needs
explanation. An optional IPA keyboard for professional examiners should be
considered. A combined score key for phonemes ‘v’ and ‘f’ will solve the score
confusion between these two phonemes. This can be allowed because both
phonemes are in the same frequency/intensity region as can be seen in Keen’s
consonantal speech banana in Appendix 2.
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It is observed that elderly people take more time to respond and Atcherson
(2015) confirms that even older adults with normal or near to normal hearing
sensitivity may exhibit age-related central auditory processing deficits. One
older participant in this research missed the first word presented in this list
because she did not expect a female speaker. In the regular version of the
NAMES® test, this is overcome by including a continuous ‘repeating’ word
before the test starts. NAMES® is a supra-threshold test, where in the regular
version the client gets the opportunity to change the intensity to a comfortable
level in a range of plus or minus 5 dB around 65dBSPL. It is advisable to extend
this adjustment range in 5 dB steps up to 15 dB (80 dBSPL), although roll-over
effects in case of hearing loss might occur.

5.5 NAMES® for children
The NAMES® test is most probably suitable for children, but this has not yet
been systematically evaluated. The diversity of factors influencing score results
of children was reason not to include them in this research. Literature revealed
that there is a clear association between vocabulary size and NWRT
performance (Gathercole et al., 1999). The vocabulary of young children is
developing, as is their auditory memory. Dawson et al. (2002), found that
children with Cochlear Implants perform less on short term memory skills than
their hearing peers, when the stimuli are verbally coded. Probably with the
current earlier age of implants this has changed. Testing children would also
involve assessing their receptive language and nonverbal intelligence. This was
beyond the scope of this study but future research with children is
recommended. An advantage of NAMES® is that it is fast and can provide
specific information about several phoneme categories. It is not yet known how
children from different ages and with a different phonological awareness, for
example bilingual children respond to the test. More research needs to be done
with this group. It will be worthwhile to investigate whether NAMES® can also be
used to screen for auditory processing disorders (refer to the discussion on
participant N52 in the analysis section). A suggestion to make the NAMES® test
less abstract for children is to add one or two carrier words. For example: Mister
‘neiriel’, Missis ‘noomot’ or Mister John ‘neiriel’, Missis Sarah ‘noomot’. An extra
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benefit will be that this will give the hearing aid or cochlear implant (CI) more
time to settle its dynamic algorithms. Noise suppression algorithms in hearing
aids are typically based on the temporal behaviour of the signal (Kates, 2008).
According to Plyler (2005a; 2005b) fast time constants can attenuate the noise
between syllables, but can also generate “burbling” artefacts. Slow time
constants reduce this effect but slow down the system response; the onset of a
speech sound may be attenuated by the noise suppression gain set for the
preceding noise level. It may be expected that the use of disyllable words as in
NAMES® and the use of carrier words may reduce this effect and provide more
realistic outcomes. NAMES® can also be presented in a Free Field setting for
hearing aid and CI users. The BELLS® platform can provide the necessary
calibration signals.

5.6 Test-retest reliability
Data from 22 Group 1 participants (Appendix 6) with near to symmetrical
audiograms was selected to check the test-retest reliability. Their phoneme
scores for the first and second presentations (right ear-left ear) at 65dB level
were averaged. At 65 dB, presentation 1 resulted in a PRS average of 96.3%
and presentation 2 resulted in a score of 96.7%. This 0.4% difference indicates
that overall the test is quite repeatable. The absolute differences between two
presentations ranged between 0 and 5% in PRS scores, with an average
deviation of 1.68%.
From the same group, Cronbachs α was calculated (Appendix 6) for the
presentations at both ears for 65 dB and 50 dB intensity levels, to check the
correlation between the two measurements. This resulted in:
𝛼1(65𝑑𝐵) = 0.7825 and 𝛼2(50𝑑𝐵) = 0.7159, which can be considered
acceptable values. Here we should note that the data was compared from
different ears which were considered equal. Comparing only two measurements
per participant also results in a Cronbach α value which is on the lower side.
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5.7 Dialects
Speech tests are prone to regional dialects (Lyregaard, 1997). From literature
(Nerbonne et al., 1996) and experiences in the Netherlands it is acknowledged
that some phonemes like /r/, /z/ and /v/ are pronounced differently depending on
the region. This was a factor which had to be considered in the design of the
test. It was possible that word scores would be influenced by a regional dialect.
That however could not be confirmed by our data. This suggests that the design
is solid and that this version of NAMES® can be used across the Netherlands.

5.8 General conclusions
A comparative analysis of the results from participants with hearing loss
indicates that the NAMES test is very sensitive. Small differences in hearing
loss between both ears already results in differences in phoneme scores, and
the scores in phoneme categories relate to the frequency regions of the loss.
For example, high frequency loss correlates with lower phoneme scores in the
fricative category, low frequency losses correlate with lower vowel scores.

The scores of the 3 examiners in the inter-rater reliability check, differed slightly
with those from the principal investigator. A bias towards the correct phonemes
is more apparent with the principal investigator who was more acquainted with
the test. This had a small impact on the score totals, but relative differences of
outcomes between categories remained. Therefore, it can be concluded that
absolute outcomes can be slightly different, but the relative outcomes appear
still to be useful, especially for screening. Clear instructions on how to score
must be defined to get more identical results. The feature in BELLS® to record
the client’s responses for a check afterwards can be useful, especially when
testing multilingual clients. It is expected that automatic scoring, which is under
development, will provide more stable results. Additional research in that area
therefore is advised.
An added value of the NAMES® design is that the test words consist of two
syllables, which makes the test suitable for testing with modern hearing aids,
cochlear implants and Bone Conduction Devices (BCD’s). The first syllable of
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the NAMES® word can make the hearing aid settle and then the second syllable
can provide the correct scores. This area also needs further exploration.
NAMES® is flexible in providing scores at different phoneme positions, and that
information can be used to provide suggestions for hearing aid adjustment.
Data from different tests in BELLS® can be combined for extensive analysis and
age appropriate tests can be selected, to optimize the results.
NAMES®, as part of the BELLS® test battery provides fast and adequate data
for validation of modern hearing aid validation and phoneme diagnostics for
speech and language therapy. Besides this there are reasons to investigate the
use of NAMES® in screening for Auditory Processing Disorders.
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7 APPENDICES
Appendix 1 IPA Chart 2005

The international Phonetic Alphabet (Wikimedia Commons, 2018)
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Appendix 2 Consonantal Speech Banana Peter Keen

New Consonantal Speech Banana (Keen, 2014)
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Appendix 3 DuoTone test
The BELLS DuoTone® screening test as seen in the screenshot below, is based
on the patented DuoTone® procedure. In an adaptive procedure two pure-tone
stimuli with different frequencies are presented to the user. One stimulus (A)
consists of one long tone with a low frequency and the other stimulus (B)
contains three short tones with the higher frequency. A third stimulus (C) does
not contain a signal and represents the “silent” stimulus. One of these three
stimuli is randomly selected and presented to the person under test. At the end
of the tests, the threshold values are available, one for each tested frequency
(50% score values).

Screenshot Duotone test
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Appendix 4 BELLS PTA
With the BELLS® PTA module as can be seen below, Pure Tone Audiometry
can be conducted in the octave frequencies from 250 Hz to 8 KHz. This module
is calibrated for the HD 280 PRO headphone in combination with the uDAC-2
external Digital to Analog converter. Other headphones and DA converters may
be used. Data is stored in the client file in the BELLS® software.
The BELLS® platform offers possibilities for reporting and printing.

BELLS® PTA screen
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Appendix 5 Audiograms of test examiners
Examiner 1
principal
investigator

Examiner 2
T2

Examiner 3
T3

Examiner 4
T4
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Appendix 6 PRS scores for test-retest reliability check
Participant P1-65dB P2-65dB
PRS %
PRS %

δ-65
dB

P1-50dB
PRS %

P2-50dB
PRS %

δ-50
dB

N21
N22
N23
N24
N25
N26
N27
N28
N30
N41
N44
N45
N47
N50
N53
N54
N59
N63
N67
N68
N71
N72
Average
SD
Variance

3
1
1
2
1
0
2
0
0
3
0
2
2
3
5
5
0
1
2
1
2
1
1,68

65
81
88
85
85
83
75
89
82
76
73
72
73
76
79
87
71
83
81
90
68
69
78,68
7,14
50,94

79
86
85
97
93
82
72
90
96
78
80
69
80
92
83
90
77
71
73
93
69
86
82,77
8,58
73,54

14
5
3
12
8
1
3
1
14
2
7
3
7
16
4
3
6
12
8
3
1
17
6,82

95
97
99
98
96
99
93
99
100
92
98
90
95
96
97
97
97
97
94
97
94
98
96,3
2,43
5,93
𝑁

98
98
100
100
95
99
95
99
100
95
98
92
97
99
92
92
97
96
92
98
96
99
96,7
2,69
7,22

𝐶𝑟𝑜𝑛𝑏𝑎𝑐ℎ 𝛼 = 𝑁−1 ∙ (1 −

∑ 𝑣𝑎𝑟(𝑌𝑖 )
𝑣𝑎𝑟(𝑋)

𝑁

) = 𝑁−1 ∙ (1 −

2
∑𝑁
𝑖=1 𝑆𝑦𝑖

𝑆𝑥2

𝛼1(65𝑑𝐵) =

2
5,93 + 7,22
∙ (1 −
) = 0.7825
2−1
21,59

𝛼2(50𝑑𝐵) =

2
50,94 + 73,5393
∙ (1 −
) = 0.7159
2−1
193,8843

Σ65dB

Σ50dB

193
144
195
167
199
173
198
182
191
178
198
165
188
147
198
179
200
178
187
154
196
153
182
141
192
153
195
168
189
162
189
177
194
148
193
154
186
154
195
183
190
137
197
155
192,95 161,45
21,59

193,88

)
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Appendix 7 Ethics approval
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Appendix 8 Participant information sheet EC6 (DUTCH)
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Appendix 9 Ethics Consent form EC3 (DUTCH)
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Appendix 10 Participant instructions for the NAMES® test.

Instruction group 1 (18-59) NL
U krijgt zo meteen een hoofdtelefoon opgezet en we laten u een lijst horen met
20 vreemde “namen”. Ik vraag u deze “namen” letterlijk na te spreken zoals u
die hoort, ook als u deze niet helemaal verstaan heeft. De testleider zal de
klanken van de “naam” intoetsen zoals u die uitspreekt. Het uiteindelijk resultaat
geeft ons een beeld welke klanken u wél of niet goed hebt kunnen verstaan.
We beginnen met uw linker/rechter oor. Na twintig “namen” laten we de
“namen” horen op uw andere oor. Dit doen we op drie luidheidsniveaus, dus in
totaal hoort u de lijst met “namen” in willekeurige volgorde 6 keer, 3 keer op elk
oor. Bij de laatste test als de geluiden erg zacht zijn zult u zeker niet alles meer
precies kunnen horen. Herhaal alleen wat u gehoord heeft.

Instruction group 2 (>=60) NL
U krijgt zo meteen een hoofdtelefoon opgezet en we laten u twee keer een lijst
horen met 20 vreemde “namen”. Ik vraag u deze “namen” letterlijk na te
spreken zoals u die hoort, ook als u het niet helemaal verstaan heeft. De
testleider zal de klanken van de “naam” intoetsen zoals u die uitspreekt. Het
uiteindelijk resultaat geeft ons een beeld welke klanken u wél of niet goed hebt
kunnen verstaan. We beginnen met uw linker/rechter oor. Na twintig “namen”
laten we de “namen” horen op uw andere oor, ook weer in een willekeurige
volgorde. Herhaal alleen wat u gehoord heeft.

Instruction group 1 (18-59) ENG
In a minute you will get some headphones over your ears and we will present to
you a list with 20 foreign “names”. I will ask you to repeat these “names” to me
literally the way you hear them, even if you cannot hear everything correctly. I
will key in the “name” the way you pronounce it. The result shows us which
sounds you perceived well, and which sound are missing or wrong.
We will start with your left/right ear. After twenty “names” the “names” will be
presented to your other ear. We will do this at three different intensity levels, so
98

in total you will hear this list 6 times with the words in a random order. 3 lists at
each ear. At the last test, when the sounds are very faint you will not be able to
repeat everything exactly. Just repeat what you have heard.

Instruction group 2 (>=60) ENG
In a minute you will get some headphones over your ears and we will present to
you a list with 20 foreign “names”. I will ask you to repeat these “names” to me
literally the way you hear them, even if you cannot hear everything correctly. I
will key in the “name” the way you pronounce it. The result shows us which
sounds you perceived well, and which sound are missing or wrong.
We will start with your left/right ear. After twenty “names” the “names” will be
presented to your other ear again in a random order. Only repeat what you have
heard.
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