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ABSTRACT

Background: Dialectal variations and linguistic factors are considered to be the primary causes of
misdiagnosis during audiological assessments of speech performances. For new speech audiometry
materials, the evaluation of the effects of the listener’s dialect or linguistic factors on speech
recognition thresholds (SRTs) or supra-threshold phoneme recognition scores (PRSs) would be

expected to give a valid and reliable audiometric measurement for clients.

Purpose: This thesis assessed the SRTs of native and non-native listeners of Southern Vietnamese
regarding the dialectal effects; the effect of tonal patterns of syllables on speech perception of older

adults; and the correlations between SRT's and duo-tone thresholds, between SRT's and PRSs.

Research Design: To attain the aforementioned objectives, two different types of speech
audiometry materials were designed. The Adaptive Auditory Speech Test (AAST) consisted of five
subtests of six simple two-syllable words each, which were used to measure an individual’s SRT.
NAMES included four lists of meaningless two-syllable structures (CV-CVC) containing 20 items
each, which were used to determine the listener’s supra-threshold PRS. The phoneme distribution
in both speech materials was a duplicate of the phoneme distribution in Southern Vietnamese. All
speech materials were recorded in Southern Vietnamese, and using female voices. With regard to
AAST, the speech intelligibility functions were equalized among speech stimuli within a subtest

and across the subtests during optimization.

Study Sample: The SRTs of AAST were collected from 435 normal-hearing listeners aged
between four and 85 years, of whom 117 participants were non-native listeners of the dialect. The
supra-threshold PRSs of NAMES were tested on a sample of 186 normal-hearing listeners aged

between 15 and 85 years, including 38 non-native adult listeners.

Results: Age-dependent normative values for AAST Vietnamese were resemble to those in other
languages in which the age-related difference was roughly 8 dB between younger children and
adults, and 11 dB between adults and oldest adults. The supra-threshold PRSs of NAMES were
relatively equal across the age groups (except for the listeners above 75). Their scores differed

from those of the young listeners with roughly 3 percent correct phoneme scores.

Regarding the dialectal effects, the SRTs of non-native listeners significantly deteriorated compared
with those of native listeners of Southern Vietnamese. Differences in the SRTs ranged from 2 to 6
dB for AAST in quiet and 1 to 5 dB for AAST in noise. In contrast, slight differences were found
in the PRSs of native and non-native listeners in NAMES—a variation of 2 percent correctness

SCofre.



With respect to the effects of tonal patterns of syllables on speech recognition, older listeners obtained
somewhat poorer results when the speech stimuli carried tones with low pitch levels and rising
contours. In contrast, they performed better when the speech stimuli bore tones with high FO level and
rising contours. For AAST, average SRTSs in quiet were comparable across the subtests in contrast to
the average speech thresholds in noise, which were more heterogeneous. For example, the mean
threshold value for AAST-a3 was significantly poorer than the other subtests. The threshold values in
noise deteriorated because the speech stimuli of AAST-a3 carried tones with low FO level and falling
contours. Such speech stimuli were especially delivered to older listeners in masking noise. In NAMES,
the older listeners performed slightly better when the stimuli carried a high-level tone ngang (Al)
rather than low-falling tone (A2) and high-rising tone sdc (B1). Similar to young listeners, the older

listeners frequently misidentified the tone fuyén (A2) as the tone ndng (B2).

Regarding the relationships between speech materials and duo-tone, there were strong correlations
between the SRT's and the duo-tone thresholds (0.5 and 4kHz). However, no or very weak association
was found between the SRTs and PRSs, and between the PRSs and duo-tone thresholds.

Conclusions: The AAST and NAMES are valid speech audiometric tests to quantify speech
recognition of listeners aged between four and 85 (AAST), between 15 and 85 (NAMES). The age-
related normative values of AAST in Vietnamese are similar to those in German, Ghanaian, and
Polish. The findings of the dialectal study indicate that dialectal variation has an impact on speech
recognition. However, the extent of the effects depends on the speech materials being used for the
measurement. In statistical terms, dialects significantly affect an individual’s SRT if AAST with a
semantic content is used in an adaptive procedure. The negligible differences in PRSs seem to
indicate that the influences of dialects are minimal when NAMES is used without a semantic
content at a constant presentation level. In other words, more effects of dialectal differences in
“open speech tests with meaningful words” were found as compared to “closed speech test”. The
findings on tonal pattern effects seem to implicate that the tonal patterns of syllables have a minor
influence on speech perception of older adults, especially those above 75. Finally, the SRTs could
be predicted using duo-tone thresholds. In contrast, the PRSs could not be predicted using either

speech thresholds or duo-tone thresholds based on the correlations.

The two new speech audiometric tests provide reliable outcomes with the same properties in
normal-hearing listeners as compared to the other AAST and nonsense syllable tests in the
different languages. These two speech audiometric tests complement each other in evaluating
hearing loss or language impairment. It is claimed that these speech tests will serve as an effective

clinical tool for speech audiometric testing in Vietnam.



ZUSAMMENFASSUNG

Hintergrund: Dialektale Variationen und linguistische Faktoren werden als Hauptgriinde fir
Fehldiagnosen in audiologischen Bewertungen und Sprachverhaltengesehen. Fir neue
Audiometriematerialien, werden Evaluationen der Horerdialekteffekte oder linguistische Faktoren
fir die Sprachverstindnisschwellen oder Oberschwellenphonemerkennungsscores erwartet, um ein

valides und verlissliches audiometrisches Maf3 Nutzern zu geben.

Ziel: Diese Doktorarbeit bewertet Sprachverstindnisschwellen bei  muttersprachlich-
sudvietnamesischen Horern, Sprachverstindnisschwellenbei nicht-muttersprachlichen Horern
beziiglich dialektalen Effekten, Sprachperzeption ilterer Personen bei Effekten der tonalen
Struktur  von  Silben, sowie Korrelationen zwischen Sprachverstidnisschwellen und

Reintonaudiometrien, zwischen Sprachverstidnisschwellen und Phonemerkennungsscores.

Forschungsdesign: Um die bereits genannten Ziele zu erreichen, wurden zwei unterschiedliche
Arten von Sprachaudiometrie-Materialen entwickelt. Der adaptiv-auditive Sprachtest (AAST)
besteht aus fiinf Untertests, jeweils sechs einfache zweisilbige Worter, die die individuelle
Sprachverstindisschwelle messen sollen. NAMES enthilt vier Listen von bedeutungslosen
Zweisilbern(KV-KVK) jeweils 20 Items, die benutzt  werden, um die
Oberschwellenphonemerkennungsscores  zu  bestimmen.  Die  Phonemverteilungbeider
Sprachmaterialien ist ein Doppel der Phonemverteilung im Stdvietnamesischen. Alle
Sprachmaterialien wurden von einer weiblichen Stimme im stdvietnamesischen Dialekt
aufgenommen. Was AAST betrifft, ist die Sprachverstindlichkeit gleich zwischen Wortstimmuli
innerhalb  eines  Untertests und bei unterschiedlichen  Untertests wihrend  des

Optimierungsverfahrens.

Stichprobenstudie: Von 435 Normalhérenden zwischen 4 und 85 Jahren, davon 117 nicht-
muttersprachlichen Hoérern des Dialekts wurden Sprachverstidnissschwellendes  AASTS
gesammelt. Oberschwellenphonemerkennungsscores von NAMES wurden mit einer Stichprobe
von 186 Normalhérenden im Alter von 15 bis 85 Jahren, davon 38 nichtmuttersprachlichen

Horern erfasst.

Ergebnisse: Bezlglich normativer Werte, sindaltersabhinige normative Werte in vietnamesischen
AAST ihnlich zu solchen in anderen Sprachen, in welchen der altersbezogene Unterschied
ungefihr 8 dB zwischen jungeren Kindern und 11 dB zwischen Erwachsenen und ilteren
Erwachsenen betrigt. Oberschwellenphonemerkennungsscores von NAMES sind relativ gleich
unabhingig des Alters (auller die iltesten Horer tber 75 Jahren). Der Score des iltesten

unterschied sich von den jiingeren Hoéren mit ungefihr 3% des richtigen Phonemscores.

Was dialektale Effekte angeht, ist die Spracherkennungsschwelle von nicht-muttersprachlichen

Horern signifikant verschlechtert verglichen mit den muttersprachlichstidvietnamesischenHo6rern.



Unterschiede in den Spracherkennungsschwellen reichen von 2 bis 6 dB fiir AAST im Ruhe - und
von 1 bis 5 dB fur AAST im Stérgerdusch. Im Kontrast dazu, wurden nur kleine Unterschiede, die
relevant fiir den Phonemerkennungsscore waren, zwischen muttersprachlichen und nicht-

muttersprachlichen Horern mit NAMES gefunden, eine Variation von 2% Richtigkeit des Scores.

Was Effekte der tonalen Struktur bei der Spracherkennung ilterer Horer betrifft, erzielen iltere
Horer ein ein wenig schlechteresErgebnis, wenn Sprachstimuli Téne mit niedrigem Level tragen.
Im Kontrast dazu, zeigen sie bessere Resultate, wenn Sprachstimuli Téne mit hohem FO Level und
steigender Kontur haben. Fir AAST sind die durchschnittlichen Sprachverstindnisschwellen in
Ruhe vergleichbar bei den einzelnen Untertests von AAST im Kontrast zu den
Durchschnittssprachschwellen bei Gerduschen, die heterogener sind, zum Beispiel ist der
Durchschnittsschwellenwert  AAST-a3  signifikant geringer als bei anderen Untertests.
Schwellenwerte bei Gerdusch sind schlechter, weil Sprachstimuli von AAST-a3 T6ne mit tiefen FO
Level und fallenden Konturen, besonders bei solchen Stimuli, die idlteren Horern mit Gerdauschen
gegeben wurden, enthielten. Fiir NAMES hatten die dlteren Horer etwas bessere Resultate als die
Stimuli einen hohen Tone (ngang-Al) erhielten, verglichen mit tief-fallend und hoch-steigenden
Tonen (huyén-A2 und sdc-B1). Vergleichbar mit den jungen Hoérern misidentifizierten iltere

Hérer Ton huyén (A2) sowie Ton ning (B2).

Beziiglich der Beziehungen zwischen Sprachmaterialien und Reintonautonomie, gibt es eine starke
Korrelation zwischen den Sprachverstindisschwellen und den Reintonautonomien (0,5 &4kHz).
Dennoch wirdkeine oder nur eine schwache Assoziation zwischen Sprachverstindnisschwellen und

Phonemerkennungsscore gefunden, zwischen Phonemerkennungsscores und Reinautonomie.

Schlussfolgerungen: AAST und NAMES sind valide Sprachaudiometrietests um
Spracherkennung fir Horer von 4 bis 85 Jahren (AAST) und 15 bis 85 Jahren (NAMES) zu
quantifizieren. Die altersabhingigen normativen Werte von AAST sind vergleichbar mit denen des
Deutschen, des Ghanaisch und des Polnischen. Die Ergebnisse der Dialektstudie zeigen, dass
dialektale Variation einen Einfluss auf die Spracherkennung hat. Dennoch das Ausmal} der Effekte
ist abhingig von den fiir die Hérmessungen verwendeten Sprachaudiometriematerialien. In diesem
statistischen Sinne, beeinflussen Dialekte bei Verwendung von AAST mit semantischem Inhalt in
einem angepassentem Prozess, die individuelle Sprachverstindnisschwellen. Wihrend zu-
vernachldssigende Phonemscores zu zeigen scheinen, dass die Dialekteinfliisse minimal sind, wenn
man NAMES ohne semantischem Inhalt in einem konstanten Presentationslevel verwendet. Die
Ergebnisse der Studie von Strukturtoneffekten scheinen zu implizieren, dass die tonalen Struktur
der Silben einen geringeren Einfluss auf die Sprachwahrnehmung auf iltere Erwachsene,
besonders die dltesten Horer tiber 75 Jahre. Schlussendlich kénnen die Sprachverstindnisschwellen
durch die Reintonaudiometrie vorhergesagt werden. Im Gegensatz dazu kénnen Phonemscores
weder durchSprachschwellen noch durch Reintonaudiometrie basiert auf Korrelation

prognostiziert werden.
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INTRODUCTION

1. INTRODUCTION

In hearing assessments, the dialectal variation among clients is a huge challenge for audiologists or
speech pathologists. Dialectal differences can lead them to wrongly classify the levels, types, and
configurations of hearing loss. In this sense, a good understanding of the client’s linguistic
background can help the clinician choose the appropriate speech materials to precisely evaluate the

level of hearing loss as well as avoid misidentification.

Recently, researchers have shown an increased interest in issues of dialectal effects on speech
audiometry testing (Nissen et al., 2013; Shi & Canizales, 2012; Le et al., 2007; Adank & McQueen,
2007; Schneider, 1992; Crews, 1990; Weisleder & Hodgson, 1989). In general, the literature on
dialectal effects offers paradoxical findings regarding whether dialect significantly affects speech
audiometric testing. Shi and Canizales (2012), Le et al. (2007), Adank and McQueen (2007), and
Weisleder and Hodgson (1989) found a deterioration in speech performances and a delay in reaction
time if the speech material was not in the listener’s dialect. From this evidence, they argued that
dialectal variations significantly influence speech audiometric testing (speech recognition thresholds,
word recognition scores, and word processing). In contrast, Nissen et al. (2013), Schneider (1992),
and Crews (1990) found little or no difference in the results when speech materials were derived
from non-regional dialects. Eventually, they asserted that the dialect of listeners or speakers did not
affect speech audiometry testing too much due to negligible differences in speech threshold/word
scores among the native and non-native listeners of a particular dialect. Besides the contradictory
findings, these previous studies have also shown several limitations. For example, they focused on a
small number of listeners with a narrow age range (Schneider, 1992; Crews, 1990; Nissen et al.,
2013). Therefore, a large number of listeners with a big age range are necessary to inspect the
issue of dialectal effects on speech audiometry testing. Although this issue has been studied for
decades in several languages, particularly in Spanish, Mandarin, and English, it is yet to be

examined in Vietnamese.

In tonal languages, like Vietnamese, Cantonese, and Thai, listeners identify words depending on tonal
patterns and phonetic structures. The identification of each tone depends on the change in the pitch
height (FO level) and the pitch contour (FO direction) in which the tone appears in an individual
syllable. The major cues to tonal identification are pitch height and pitch contour. The question of
how the fundamental frequency (FO) affects the listener’s speech perception as the tones’ pitch levels

change received considerable attention decades ago. Many studies on the lexical tone perception in
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Vietnamese have focused primarily on young adults (Brunelle, 2013; Kirby, 2009; Brunelle &
Jannedy, 2007 and 2009; V4, 1981 and 1982). The authors have suggested that the low tone with a
falling contour is the most confused one among the six tones in Northern Vietnamese (NVN) and
five tones in Southern Vietnamese (SVN). In addition, the speech stimuli carrying low-falling tones
were recognized as relatively poorer than speech stimuli carrying high-rising tones. For older
listeners, unfortunately, no reference data on tonal perceptions was collected. In other tonal
languages, the findings of the perceptual study of tones in Cantonese (Vatrley & So, 1995), and
Mandarin (Yang, 2015) showed that (1) the older listeners scored relatively worse in speech than the
younger listeners, and (2) the low tones were more confusable than the high tones. In contrast to
Varley and So (1995), Li and Thompson (1977) found that high-rising tones were more confusable in
both production and perception than the falling tones. Their finding came from observing tonal

processing in Mandarin-speaking children.

Speech audiometry materials have become a basic tool to evaluate hearing loss. In conjunction with
pure-tone audiometry, speech materials can support the classification of the degree and type of
hearing impairment. In Vietnamese, speech audiometry, unfortunately, is not available to measure
hearing. A standard audiological assessment only includes otoscopic inspection, tympanometry, and
pure-tone audiometry. However, the hearing ability of individuals relies not only on the ability to
detect the auditory stimuli but also on the capacity to discriminate and identify speech stimuli.
Therefore, the lack of speech audiometry materials in audiology assessments in Vietnamese is
considered to be unfair for hearing-impaired listeners because they do not know how well they can
identify speech stimuli at the lowest level. The present work developed the speech materials of AAST
and NAMES firstly for the research purpose of measuring the hearing ability of normal subjects, and
secondly, for their applicability for hearing-impaired children.

In clinical audiology, speech materials are usually used along with pure-tone audiometry. Therefore, it
is necessary to know the extent to which speech thresholds or phoneme (word) scores can be
forecast from pure-tone thresholds. In addition, the relations among pure-tone audiogram, speech
recognition thresholds (SRTs), and phoneme (or word) recognition scores (PRSs) may illustrate the

extent to which hearing impairment can be judged from pure-tone thresholds.

The themes we have mentioned above have so far not been at the centre of clinical investigations in
Vietnam. This thesis focuses on five main topics: (1) effects of dialectal variations on speech

perceptions, (2) effects of fundamental frequency (FO) of syllables on older native listeners’ speech
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perception, (3) the normative values of speech materials of AAST (in children, young adult, adults,
and older adults) and NAMES (in young adults, adults, and older adults), (4) learning effects on the
speech material of AAST, and (5) correlations among speech recognition thresholds (SRTs),

phoneme recognition scores (PRSs), and duo-tone thresholds.

Significances of the Study

The researchers of this study developed two speech materials to screen the speech threshold.
Firstly, for research purposes and clinical needs, the two speech tests can be used to clinically
measure the hearing ability (speech thresholds, or phoneme scores) of an individual, which
audiologists and speech pathologists expect from audiology. The use of speech materials will
improve the quality and practice of educational audiology in Vietnam. Secondly, the findings will
reflect on the field of speech perception because dialect plays a significant role in speech
recognition or speech discrimination in hearing assessments. This will help audiologists become
more aware of the appropriateness of a speech material to test the speech threshold or phoneme
score of their clients. Lastly, the findings of the current research offer some important insights
into the linguistic areas of Vietnamese, for example, differences in speech perceptions across
Vietnamese dialects, and the tonal and phoneme identification in older native listeners, which

have got little attention so far.

Outline of the thesis

The study has 10 sections, including this introductory one. The next section (Section 2) provides
brief overviews of (1) the dialectal variations in Vietnamese, (2) the effects of dialects on speech
recognitions, (3) the identification of tones by older adults in tonal languages, such as in Mandarin,
Cantonese, Thai, and Vietnamese, and (4) features of speech perceptions by older adults. In this
section, the phonemic and tonal features of Southern Vietnamese are compared with those in

Northern and Central Vietnamese.

Section 3 gives a concise delineation of establishing the speech materials (AAST and NAMES),
including the choice/development of lists of words, recording speech stimuli, and preparation of
pilot tests. After outlining the research questions in Section 4, Section 5 deals with the methods that
were used in the two experiments of AAST and NAMES. Section 6 provides the results of the
current study in AAST and NAMES. This section focuses on the following five key themes: (1) the
normative values in the SRTs and PRS scores in the two speech materials by the native listeners of

Southern Vietnamese based on the listener’s age, (2) the learning effects, (3) the SRTs and PRS
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scores by the non-native listeners in the study of dialectal effects, (4) the SRTs and PRS scores in
examining the tonal identification of older native listeners, (5) the association among SRTs, phoneme
scores, and duo-tone thresholds. In addition, the analyses of the response matrix (AAST) and error
patterns of phoneme identification (NAMES), and the effect of respond modes on phoneme scores

are also provided in this section.

In line with the findings in Section 6, Section 7 provides a brief discussion of the implications of the
findings to the six research questions raised in the “Objective” and “Research Question” sections. A
brief critique of the findings is also provided with respect to the literature. Section 8 is not a central
part of this thesis. It provides extra information regarding the application of AAST in hearing-
impaired children. The study estimates the validity of AAST in terms of speech threshold values,
speech intelligibility, and correlations between SRT's and duo-tone thresholds in a free-field condition

by hearing-impaired children with hearing aids.

Section 9 discusses several related issues regarding the outcomes and addresses the contributions of
the thesis to research issues within the areas of audiology and linguistics. Finally, Section 10 gives a

brief summary and conclusion of the current work.
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2. REVIEW OF LITERATURE

2.1 Dialectal effects on speech audiometric testing

The effects of dialects on speech recognition testing have been considerably examined so far
(Weisleder & Hodgson, 1989; Schneider, 1992; Le et al., 2007; Adank et al., 2007; Shi & Canizales,
2012; Nissen et al., 2013). However, there are still two controversial opinions on the dialectal effects
of auditory speech testing. Some authors—Schneider (1992), Crew (1990), and Nissen et al. (2013)—
have found that dialectal varieties have a negligible impact on audiometric evaluation and might not

alter clinical interpretations.

Schneider (1992) examined the effect of three Spanish dialects on SRTs in a group of 12 Spanish
children aged between six and seven. The speech stimuli included 12 Spanish words recorded in
Castilian, Caribbean, and Mexican dialects. Before the hearing test, the children were familiarized
with the test to make sure that they all knew well the speech stimuli being used. In the test, the
children had to point out one of four pictures that represented the speech stimuli. The result showed
no significant differences in SRT's between the dialectal groups. In particular, four children had the
same speech thresholds in the three dialects, and eight had different speech thresholds across the
dialects. However, these differences were negligible (2 dB or less). Similar to Schneider’s conclusion,
Crews (1990) stated in his work that the dialects of speakers did not significantly influence listeners’
speech performances. In the experiment, 20 children who spoke Montana dialect—all seven years
old with normal hearing sensitivity—were recruited. The speech materials encompassed a list of 35
monosyllabic words (Phonetically Balanced Kindergarten—PBK) and a list of 25 items of nonsense
syllables (Nonsense Syllable Test—NST). The speech materials were recorded by two female
speakers. One spoke Montana dialect, and the other spoke the General Southern dialect. The
children were not familiarized with the speech stimuli. The speech stimuli were presented via a
monitored live voice at 55 dB HL (a normal conversational level). In the PBK test, the listeners
scored similar results for the different dialects of the speakers—96.2% correct responses in Montana
and 94.6% correct responses in the General Southern dialect. No significant differences were found
in the functions of the dialectal effect of speakers. Interestingly, in the NST test, the Montana
children performed significantly worse when the stimuli were presented in their own dialect. They
performed significantly well when the stimuli were presented in the General Southern dialect. Based
on these findings, Crews stated that differences in word recognition score (WRS) were not

necessarily a result of dialect but stemmed from other factors. One was the pronunciation of the



REVIEW OF LITERATURE

speaker who presented the speech stimuli in Montana dialect. It made the stimuli less intelligible than

the stimuli presented in the General Southern dialect.

If the research of Schneider and Crews focused primarily on the dialect of speakers, recent studies
conducted by Nissen and his colleagues (2013) examined the effects of the dialects not only of the
speakers but also of the listeners. Thirty-two Mandarin listeners, aged between 18 and 50 years, were
recruited in the study. Half of the listeners spoke Mainland Mandarin while the other half spoke
Taiwan Mandarin. All of them lived in the United States at the time of the study. The speech
materials included SRT and word recognition (WR) speech tests recorded in both the Mandarin
dialects. The SRT material included trisyllabic words whereas the WR included disyllabic words. The
listeners were asked to repeat the speech stimuli as they heard those. For the SRT test, the listeners
were familiarized with the speech materials but not with the WR material. The results showed that
there were statistically significant differences for the dialectal effects relevant to speakers and
listeners in the speech materials of both SRT and WR. Although the authors realized that a
statistically significant difference existed, these differences were small (less than 2 dB). Hence, the

authors concluded that such differences have an insignificant effect on clinical measurements.

These researchers found no significant effect of dialects on audiometric speech tests. The
insignificant effect was probably due to some limitations in these studies. In the Crews research,
speech stimuli were presented via a monitored live voice. So, the listener’s scores might have been
affected by factors other than linguistics, for example, speaker variability, speaker loudness, and
articulation errors. As Mendel and Owen (2011) recommended, the stimuli of the speech materials
should be recorded for reliable and accurate measurements. In Schneider’s work, the sample size was
limited (12 children). It may not have reflected fully and precisely what the author expected. In
Nissen’s work, he and his colleagues conducted the research in the United States. So, the listeners
might have been reciprocally influenced by either Taiwan Mandarin or Mainland Mandarin as a result

of language contact within a close community.

In contrast to the above-mentioned findings, several fascinating studies (Shi & Canizales, 2012; Le et
al., 2007; Adank et al., 2007; Weisleder & Hodgson, 1989) have found that dialects play a major role
in speech audiometric measurements. Weisleder and Hodgson (1989) validated the Spanish WR test
and also examined the dialectal effects on the speech materials. Their study included four lists of 50
dissyllabic Spanish words each. The listeners were 16 Spanish-speaking subjects aged between 20 and

49 years. The listeners came from different countries, such as Mexico (9), Panama (2), Venezuela (2),
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Spain (1), Honduras (1), and Columbia (1). The speech stimuli were presented to the listeners at
three different hearing levels (8, 16, 24, and 32 dB HL) via recorded materials using the voice of a
male native Spanish speaker. The listeners were requested to repeat (or guess) the responses as the
speech stimuli were presented. Regarding the dialectal effect, the authors found that the Mexican
listeners performed significantly better than the others at the low-intensity hearing levels. However,
at the high-intensity levels, there was no difference among the listeners. The authors stated that
regional variations in Spanish might have contributed to the different performances among the

listeners at the soft hearing level.

Le and her colleagues (2007) examined the effects of word frequencies and dialects on spoken word
recognitions. Twenty-one psychology students aged between 18 and 39 years—all native listeners of
Australian English—participated in the experiment. The speech materials included 18 monosyllabic
and 18 disyllabic words. The speech stimuli were recorded in the three following dialects: Australian
English, South African English, and Jamaican Mesolect English. Before the experiment, all the
listeners were screened individually to make sure that all of them had minimal experiences of the
non-Australian dialects being used. Le and her colleagues found significant differences in the
listeners” WR performances. The native listeners of Australian English did progressively worse as
auditory stimuli differed from their own dialects. Based on the finding, the authors suggested that
phonological and phonetic varieties of a different dialect affect the word recognition process of

native listeners more significantly.

Similarly, Shi and Canizales (2012) conducted a research with 40 native Spanish-speaking people who
lived in New York City at the time of the study. They spoke one of two different Spanish dialects.
Twenty listeners, who came from Colombia, Ecuador, Bolivia, and Peru, spoke the Highland dialect.
The other 20, who came from Dominican Republic, Puerto Rico, and the coastal areas of Colombia,
spoke the Caribbean/Coastal dialect. The listeners were also grouped according to their predominant
language—either English or Spanish. The speech stimuli were four lists of 50 bisyllabic Spanish
words each recorded by a male speaker of Mexican origin. The Spanish recognition words were
imparted to the listeners in three different signal-to-noise ratios, particularly, SNR +6, +3 and 0 dB.
The listeners were asked to orally repeat and write the word down as they heard it. The Highland
listeners scored significantly better whereas the Caribbean/Coastal listeners scored pootly in the

speech tests. The listener’s dialect was found to have a significant impact on the score.
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More recently, investigators have also examined the effects of unfamiliar dialects or accents on
speech perception processing (Adank & McQueen, 2007). They found that listeners showed a delay
in recognizing words when the speech stimuli were not in their own dialect. Thirty listeners, who
were all native Dutch speakers aged between 18 and 49 years, and lived in the middle of the
Netherlands, took part in the study. The listeners were divided into two groups of 15 members each.
The first group was asked to assess a familiar accent (Local Dutch). The second one was requested to
recognize an unfamiliar accent (East Flemish). The speech stimuli were 200 Dutch nouns spoken in
those two accents. The results showed that the listeners had a delay of approximately 100 ms in

processing the words spoken in the unfamiliar accent.

The findings of Shi and Canizales (2012) and Weisleder and Hodgson (1989) were different from
those of Crews (1990), Schneider (1992), and Nissen et al. (2012) regarding the effects of dialects on
speech recognition. The differences among these interesting works might stem from dissimilarities in
methodologies and the listeners’ age. For the methodologies, the speech stimuli were presented via
recorded material in Weisleder’s study and via monitored live voices in Crews’s study. Besides, the
presentation levels of speech stimuli also differed across the studies, leading to inconsistency in
findings. Even the listener’s ages were different. While the listeners were seven-year-old children in

the research of Schneider and Crews, they were adults in the works of Weisleder et al. and Shi et al.

This section began with a summary of the effects of dialects on speech recognition. The findings
suggest that dialects strongly affect speech recognition. Based on these findings, the researchers
emphasized that audiologists should use speech material suited to a client’s linguistic background to
make hearing assessments (Shi & Canizales, 2012; Weisleder & Hodgson, 1989; Carhart, 1965). As
mentioned earlier, using inadequate speech materials means increasing hindrances and decreasing
client’s capacities of speech recognition, leading to misidentifications in clinical interpretations. The
phonetic distance between dialects might contribute to declines in speech intelligibility for the clients
who are non-native speakers of the languages being tested. The following brief report will provide

phonetic-phonemic distances across dialects of the Vietnamese language.

2.2 Vietnamese language and dialects

2.2.1 Vietnamese

Vietnamese is a language spoken by around 94 million people in Vietnam and above 3 million
expatriates inhabiting mainly in Cambodia, the United States, Canada, and European countries.

Worldatlas.com (June 2016) ranked Vietnamese as the sixth common language spoken at home in
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the United States, which accounted for around 1.4 million speakers. Besides, the language is also

taught in some universities in the United States, Australia, Japan, and Germany.

With respect to the origin of Vietnamese, the language belongs to the Vietic branch of the
Austroasiatic language family. It is the largest spoken Austroasiatic language and typologically
varies from its Austroasiatic neighbours due to intensive contacts with Chinese in terms of lexicon
and phonology (Brunelle, 2015). For example, the currently used Vietnamese lexicon has roughly
70% loanwords from Chinese, which are called Sino-Vietnamese. Vietnamese has also been
influenced by other languages, such as French and English. With respect to French (colonial era)
and English, scientific and technical terms became a part of the lexicon of Vietnamese. These
terms are accepted in two different ways. They were either retained their original word form or

were transcribed into Vietnamese.

Regarding phonology, Vietnamese syllables include five phonemic components: onsets, medial glides
-w-, nucleus, codas, and tones. These elements can occur in eight following syllable structures: (1) V,
2 wV, 3) VC,, 4) wVC,, (5) C,V, (6) C,wV, (7) C,VC,, (7) C,wVC, (Vuong & Hoang, 1994). The
syllable structures can be generalized into a formula (C)(w)V(C,). Tones are suprasegmental
phonemes that combine with components of an optional medial glide, w-, a monophthong or
diphthong, or a coda to create a rhyme. Recently, some researchers have proved that Vietnamese
tones do not affect onsets (the initial position), but influence only the final part of a syllable (Tran et
al.,, 2005). In tonal languages, changes in tones or pitches of sounds help discriminate semantics and
identify words. A classic example is a consonant-vowel combination ma in Vietnamese. The
monosyllabic word za, which is grounded upon the tone patterns of vowel /a/, refers to six objects,
for example, ma “ghost” (ngang-level), ma “but” (hnyénlow falling), md “mother” (scfc—high rising),
ma “rice seedling” (nang—low glottalized), md “tomb” (hoi~dipping-rising), and ma “horse” (nga—high-

rising glottalized).

2.2.2 Vietnamese dialects

The Vietnamese dialects are traditionally based on geographical divisions, including the three
following main dialects: Northern, Central, and Southern (Hoang, 2009; Hwa-Froelich et al., 2002;
Vuong & Hoang, 1994; Thompson, 1991). However, the linguistic reality is far more complex
(Brunelle, 2015). The Northern Vietnamese (NVN) is represented by the Hanoi speech, which is
used widely in media and schooling. Therefore, Kirby (2010) stated that listeners from the other

dialects might be somewhat experienced in the Northern dialect. The Saigon dialect is regarded as a
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standard speech for the Southern Vietnamese (SVN) spoken by people living in Saigon and other
cities surrounding Saigon (Cao and L¢, 2005; Huynh, 1999). Due to political and economic issues,
the Saigon speech is a convergence of the different dialects—the Northern and Central (Bui, 2009).
Regarding the Central Vietnamese dialect (CVN), scholars consider the Hue speech as its
representative in contrast to Hoang (2009), who proposed Ngh¢ An or Thanh Hoéa as the
representative. This is probably due to geographical reasons. Hué province is located towards the
south. So, the Hué speech shares some features with the SVN. As a result, speakers of Hué and Da
Néng can easily communicate with each other without any misunderstanding. The differences across

the three dialects will be mentioned further in the following parts.

According to Alves (2010) and Huynh (2014), remarkable differences exist among three Vietnamese
dialects in terms of the variations in lexicons, segments, and tones. Regarding the segments, the
elements (onsets, nucleus, medial glide -w-, and codas) of a syllable structure across the dialects are a
central point in this report. With respect to the suprasegments, the tone system across the dialects,
including ngang (Al), huyén (A2), sic (B1), nang (B2), hoi (C1), and nga (C2), will be examined.

Finally, the lexical differentiation among dialects will also be depicted in this section.

Initial phonemes across the dialects

The standard Vietnamese phonological system includes 21 consonant phonemes in the initial
position, namely, /b, m, f, v, t, £, d, n, 2, 7, s, 5, ¢, , I, L k, %, 0, ¥, h/ (Vuong & Hoang, 1994). The
initial consonant /p/ is excluded from this report because the phoneme is considered to be a foreign
phoneme stemming from French (pin “battery”, pé-dan “pedal”) and does not exist in the initial
consonant system in Vietnamese (D & L&, 2005). Across dialects, the initial system also varies, not
only by the number of phonemes but also by the phonological features. In the NVN, barring three
retroflexes /s, 7, t/, thete are only 18 initial phonemes (Pham, 2009; Hoang, 2009). But the SVN has
21 phonemes containing these retroflexes (Huynh, 1999). The initial phoneme system in the
Southern-Central dialect (Hué, Quang Tri) is resemble to that in the SVN. However the Northern-

Central has 23 initial phonemes and includes the phoneme /p/ (Alves, 2007).

Due to a lack of the retroflexes /s, 7, {/ in NVN, speakers constantly pronounce /s/, /z/, and /c/

alike, in contrast to the rest of the dialects in which speakers can distinguish among these retroflexes.
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Orthography  NVN CVN SVN Glossary
song /soy/ /son/ /son/ “river”
sat /sat/ /sat/ /sak/ “very close”
tre /ce/ /te/ /te/ “bamboo”
o /cxj/ /t%j/ /t%j/ “god”
triu /z3u/ /Zau/ /Zau/ “vegetable”
79 /z2/ /79/ /79/ “clear”

In the SVN, a semi-educated speaker may make mistakes when he/she pronounces the retroflex
phonemes, for example, common words like sdn—auxdu “six”, tra—cha “tea”, and rneon—guwon (gu)
“wine”. In close relationships—for example, kinship or friendship—a well-educated speaker also
allows himself to pronounce these in such ways. In workplaces, the native speakers of SVN,
however, are more aware of their speech and enunciate more accurately. Additionally, the onset
phoneme /v/ does not occur in the SVN. It is replaced by /j/ (Thompson, 1991), which sounds
similar to /j/ (yes) in English.

The onset /j/ in SVN dialect not only substitutes the phoneme /»/ but also /3/ (g, and 4 in
orthography) in standard Vietnamese phonemes (Pham, 2006). The phoneme /z/ vaties within the
CVN dialect. Hué accent (Southern-Central area) is a part of the Central dialect. However, due to
language contacts with the Southern dialect, the onset /z/ is also identified as the semivowel /j/
(Vuong, 1992), just like their counterpart in the SVN. On the other hand, in the Ngh¢ An accent
(Northern-Central area), the /z/ is recognized in the same way as that in the NVN (described in
graphemes “gi”” and “d”). Back to the phoneme /v/, it is represented by /j/ in the Southern-Central
speech in contrast to the Northern-Central speech and NVN, which remains unchanged. Below are

some examples:

Orthography  Saigon Hanoi  Vinh Hue Glossary

day /jaj/ /zdi/ /zai/ /jaj/  “to teach”
40 /jo/ 20/ Jz/  Jio/  “wind”

ga /ja/ /za/ /za/ /ia/  “be old”
ve /ie/ /ze/ /ze/ /je/  come back

11
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Medial glide /-w-/

According to Pham (2016), the medial glide /-w-/ shares an identical feature between the NVN and
CVN. However, this phoneme is more variable in the SVN. The medial glide /-w-/ in SVN
represents 0 and # in the orthographic form and has variations depending on the context. For
example, a syllable structure (CwV) contains medial glide /-w-/. However, in daily speech, the initial
is either non-existent (wV) or is preceded by the onsets /h, k, x, 1/ at the beginning of a syllable.
There are “two patterns in this simplification process” (Pham, 2008). In the first pattern, the onset is
deleted, and the /-w-/ remains. For example, oz “sound of cty” is wa, hodi “constantly” is wai, hoa
“flowet” is wa, and qua “pass” is wa. In the second pattern, the medial glide /w/ is completely
deleted. The consonant remains but completely changes into another phoneme, for instances, £h0¢
“healthy” becomes phe, and khoan “drill” becomes phang. Another noticeable alteration is that the
medial glide /-w-/ can shift to the nucleus when the medial glide stands after phoneme /a/ in
several combinations. In this case, instead of vowel /a/, SVN speakers tend to eliminate the vowel
/a/, and replace it with /-w-/ due to complexities of pronunciations. For example, (¢di) loa

“loudspeakers” becomes /, 7oa (xe) “wagon” becomes 7o, and toan (toan tinh) “‘to intend” becomes zon.

In addition, the medial glide /-w-/ disappears after the initial / ¢, t" {, ¢, s, 8, L, 11, j/ in several SVN
regional accents (Vuong & Hoang, 1994). For example, mué—18, thué—1hé, chuyén—:chién, fr@/én—

trién, xuyén—:xién, loe loet—Ie¢ let.

As we have seen, the medial glide /-w-/ has many variations among the Southern speakers, which
reflects the diversity of this dialect. In contrast, the /w/ in the NVN or the CVN retains phonetic
properties or undergoes slight changes compared with standard Vietnamese. In the Hue accent, the
/-w-/ occurs when the syllables contain the nucleus /9/ and end with a semi-vowel /-j/ (Vuong,
1992). As a result of this combination, the nucleus /9/ is altered by the nucleus /a/ in conjunction

with the medial glide /-w-/. Hence, 7di ““to talk” becomes nodi, and déi “hungty” becomes dodi.

Nuclei across Vietnamese dialects

The nucleus system of standard Vietnamese comprises 11 monophthongs, namely /i, w, u, e, 9, 3, o,
€, 4, a, 0/; and three diphthongs /i_o, w_9, u_9/. Each diphthong represents two orthographic
forms depending on the context, for instance, mua /mwi_9 / “to rain” and cuoi /kw_9j/ “to
laugh” (Pham, 2008; Vuong & Hoang, 1994). Some notable features of discriminations of the nuclei

will be shown in the following part.
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Firstly, the diphthongs / i_9, w_9, u_9o / are shifted into long vowels /i, w:, u:/ in the SVN,
whereas they are distinguished separately from the long vowels in the CVN. In the NVN, these
diphthongs behave similar to those in the CVN, except for the diphthong /wi_9a/, which is
produced similarly to diphthong /i _a/. For example, neon “wine” is riéu, and aru is ciu “to help”. In
the CVN, the Vinh and Hué listeners can distinguish cleatly between two diphthongs /wi_2, and
i_9/. However, it has to be noted that the second element of each diphthong is shorter in length
and narrower in openness than their counterpart in the NVN dialect. Because of this feature,
Thompson (1991) mentioned that the three diphthongs in Hue behave like those in the Southern
dialect, which become sequences of long vowels /i:/, /u:/, /u:/. But these vowels are somewhat

different from their counterparts in the Southern speech.

Secondly, the vowels /¢, e/ behave like /i/ in the SVN when these ate combined with codas /-m, -
p/. For example, bép—bip “kitchen”, xép—uip “to fold”, kém—rkim “pincer”, chéim—dhim “to

wedge”. In contrast, the NVN and CVN discriminate cleatly between the vowels /e/ and /€/.

Thitdly, the Southern speakers do not distinguish /o/ from /9/ when the vowels are followed by the
codas /-y and -k/. For example, #ring—rtrong “inside”, khing—rkhong “no, without”, ddc—doc

“poison”. In contrast, the Northern and Central speakers can differentiate /o/ from /9/ quite well.

Next, in conjunction with the final semi-vowels /-j/ and /-u/, the Southern speakers use the short
vowel /d/ like a long one /a/. For example, fay—tai /taj/ “hand”, lan—=7ao /lau/. Speakers of the
other dialects can distinguish between these. This does not mean that the short vowel /4/ does not
exist in the Southern dialect. It occurs, but in a specific distribution (Pham, 2008), for example,

cdm—cdam [kim/ “to resent”.

Finally, and quite interestingly, the southerners do not distinguish between a pair of short vowels /4/
and /¥/. For example, dn nhan—adin nhan “benefactot”, cian—can “to weigh”. In contrast, the Northern
and Central speakers can distinguish between those. Below are some typical examples to show the

noticeable dissimilarities in terms of the nuclei across dialects.
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Orthography  Southern Northern Central  Glossary
tiép /t:p/ /dep/ /tep/ “to continue”
op /mwp, mop/ /mwgp/ /muwpp/ “luffa”
nou /7y, zu, yu/  /zieu/ /Zmpu/  “wine”

ﬂé;b /nip/ /nep/ /nep/ “fice”

ém /im/ /em/ /em/ “smooth”
hai /haj/ /haj/ /haj/ “two”

hay /haj/ /hidj/ /hidj/ “oreat”

hao /kaw/ /kaw /kaw/ “tall”

can /kaw/ /kaw/ [kaw/ “areca”

san /sdn/ /sdn/ /sdn/ “courtyard”

Codas across Vietnamese dialects

The system of codas in Vietnamese is restricted. It includes only six consonants /p, t, k, m, n, 1/ and
two semivowels /w, j/ (Pham, 2008; Vuong & Hoang, 1994). Examining the distinction between
codas, Pham (2010) stated that the six consonants are homogenous across the dialects. But in actual
uses of the language, speakers of SVN reflect a variety of the two velar codas /-k and 1/ in their
speech. They cannot distinguish well between the alveolar codas /-t/ and /-k/, and /-n/ and /-g/.
Basically, the phonemes /-t and -n/ coalesce into /-k/ and /-n/ respectively in SVN. In contrast,
speakers of NVN and CVN can distinguish between these codas and are aware of pronouncing these
precisely. Due to language contacts, Hue speakers produce these exactly like the speakers of SVN. In
a perceptual study on word-final stops in Vietnamese conducted by Tsukada et al. (2006) with
speakers of two dialects, SVN speakers scored significantly worse in their discrimination of final
stops /-t and -k/ than the NVN speakers did. In terms of perception tasks, the SVN speakers were
less accurate in the production of these codas than the Northern ones. Although the codas /-n, -t/
are indistinguishable, it does not mean that the codas /t/ and /n/ do not exist in SVN and the Hue
accent. These occur in a few certain contexts. For example, the /-t and -n/ come after the front
vowels /i/ and /e/ (Pham, 2008; Vuong, 1992; Thompson, 1991), especially in the flowing rhymes:

inh, ich, énh, éch, anb, dch.

Orthography  SVN NVN CVN Glossary
n /wun/ /in/ /in/ “print”

it /ut/ /it/ /it/ “few”
hinh /hun/ /hig/  /hig/ “image”’
ich /it/ /ik/ /ik/ “useful”
bénb ba:n /beg/  /beg/ “disease”
éch /at/ /ek/ /ek/ “frog”
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The above instances show that /n and t/ remain in SVN. However, its occutrence leads to a turning
in the qualities of the vowels. Because of this, the phonemes /i, e, and a/ are produced as /u, 9, and
4/ respectively. Apparently, there are no one-to-one correspondences between orthography and its

sound when it is combined with codas /-n, -t/ in SVN.

Tone across the dialects

SVN has six tones in orthography, including ngang “high level” (A1), b@/é‘n “low falling” (A2), sdic
“high rising” (B1), nang “low glottalized” (B2), ho: “dipping-rising” (C1), and nga “high-rising
glottalized” (C2). Each tone is marked by a corresponding diacritic (except tone Al). According to
Pham (2008), only about a third of the Vietnamese population conveys all the six tones in speech.
The rest use only five or even four tones in their daily speech, especially those who originally spoke
the North-Central dialects (Vuong, 1992). Previous phonetic studies have investigated the
fundamental frequency of Vietnamese tones (Michaud, 2004; Kirby, 2010; Brunelle, 2009; Pham,
2003; Nguyén & Edmondson, 1998; Alves, 1997). These studies reveal that the heights of FO and

voice qualities are major acoustic parameters that characterize tones in Vietnamese.

360 170
NVN / female SVN / male
340 Tone
320 v séc (B1) 101 Tone
300 — o
), & o ¢ | ® nzang(an) (fll;) Y séc (B1)
ngi (C2) I ® ngang (A1)
260 —_— . 2) —
m hang o B nang (B2)
240 — 110+ —
& huyén (A2) * 3
220 v huyén (A2)
200 » hoi (C1) Q0 hoi-nga (C)
-10 g). 190 290 -10 80 170 260
Time (ms) Time (ms)

Figure 1: The average FO contours of Northern and Southern Vietnamese tones, modified from Brunelle and
Jannedy (2007). The FO values for NVN are based on a female voice, whereas the FO values for SVN are
based on a male voice

Across dialects, the tones differ not only on perception but also on acoustics (Brunelle, 2009).
Acoustically, features of pitch height and pitch contours bring distinctions into the tone systems
among dialects (Figure 1). The Southern dialect has only five tones—A1, A2, B1, B2, and C1 (Figure

1, right). Tone C2 never appears in this dialect due to its coalescence with C1 (Hoang, 2009; Pham,
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2008; Vuong & Hoang, 1994; Thompson, 1991; Va, 1982). Vi (1981) and Kirby (2010) stated that
the system of five tones is based primarily on pitch height and contours, and do not differ in terms
of voice quality as compared with those in NVN. The Northern dialect has six tones (Figure 1,
left), like the figure of tones in standard Vietnamese. Speakers of NVN, for example, can
distinguish pitch contours between the C1 and the C2 separately, in which the C2 is a high-
pitch direction and the C1 is a low one (Vuong & Hoang, 1994). In contrast to SVN, the six
tones in NVN contrast each other in terms of both pitch contour and voice quality (Brunelle,

2009; Alves, 1995).

The tonal system of the Central dialect includes only five tones, of which C1 and C2 merge into a
single one. Across the accents of the Central dialect, the tonal systems are more variable (Vi, 1982).
So, the tonal assimilation differs. The accent of Vinh also has five tones (Pham, 2005; Vuong, 1992),
of which C2 never merges into C1 but they coalesce into a single form as B2. Interestingly, some
accents have only four tones, such as the ones spoken in Quang Binh and Thanh Héa. The Thanh
Hoéa accent has only tones Al, A2, B1, and B2 because the tones C1 and C2 merge with B1. The
Quang Binh accent also has four tones but these are completely different from those in Thanh Hoa.
In Quang Binh, C2 merges with B2, and C1 coalesces with Bl. In Hué accent, tones C2 and Cl
coalesce into B2, and B1 behaves like tone C1. Below are some extensive examples, illustrating the
differences of the tonal system among dialects.

Orthography ~ Saigon ~ Hanoi ~ Vinh Hue Glossary

¢l ai ¢l al, a al, au “old”
do do do do do “red”
no nd nd nd 70 “he, she, it”

Compared with the two remaining dialects, tones of the CVN are different from those in NVN and

SVN regarding the averages of FO values or laryngealization (Va, 1981).

Due to these acoustic differences, non-native listeners misperceive the tones from unfamiliar dialects
more than the tones from their own familiar dialects (Brunnel & Jannedy, 2013). Regarding the
perceptual aspect, too, the way the listeners identify tones differ among the dialects. Brunelle (2009)
conducted a study on two groups of speakers—the Northern and Southern. The listeners of both
groups identified tones using stimuli from NVN. The results showed that the listeners who spoke
NVN identified the tones correctly in their own dialect, which was not surprising. In contrast, the
Southern listeners found it more challenging, as they misidentified the tones B2, C1, and C2 in the

NVN. The tone B2—a low and glottalized tone—was identified as A2, which is a low-falling tone in
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Southern. The Cl—a low falling-rising—was misidentified as B2, a kind of low-falling tone in SVN.
The C2—a high falling-rising and glottalized tone—was perceived as either the high-rising tone B1 or
the high falling rising C1 in SVN. From these findings, the author concluded that the listeners of the
SVN did not use voice qualities as a primary cue for tonal identifications. They depended mainly on the
pitch contours for this task. On the other hand, the NVN speakers used both pitch contours and voice
qualities as hints for tone identification. Interestingly, the contour does not play a similar fundamental

function in the tone of NVN and SVN (Pham, 2005).

Lexical Variations

Fach dialect has a different developmental origin. The SVN, the youngest' of the dialects, was
founded nearly five centuries ago (Hoang, 2009). It was born of a synthesis of Southern Chinese
dialect, and speeches of Cham and Khmer, and a local dialect spoken by the immigrants from Phu
Yén to Binh Dinh provinces in early 18" century (Mika, 2013; Hoang, 2009). In contrast, both NVN
and CVN have a longer period of development. The CVN retains archaic features of phonology and
lexicon. The NVN borrowed a great number of words from Chinese, known as Sino-Vietnamese
and widely used till date. Apparently, the various origins led to differences across the dialects not
only in terms of sound systems but also lexicon. Alves (2012) also stated that the grammatical
vocabulary of the CVN differs from standard Vietnamese in terms of phonetic changes and archaic
words. His fascinating work showed several cases of phonological correspondence patterns. For
instance, the diphthong /w 9/ in CVN becomes the monophthong /a/ in standard Vietnamese, e.g
dwong vs diang “street”. Then, the vowel phoneme /i/ in Central becomes the thyme /4j/ in standard
Vietnamese, e.g. i vs mdy “you”. Then again, the thyme /uj/ in Central becomes /oi/ in standard
Vietnamese, e.g. i vs i “I, me”. Some archaic grammatical words are completely different for
standard Vietnamese and across the dialects, such as, bao lim (CVN) vs bao nhién (standard, NVN,
and SVN), “how much”; nang (CVN) vs thuwong, hay (standard, SVN), “often”; »u (CVN) vs ba

(standard), an older woman. Below are some illustrations for lexical differences across the dialects.

Firstly, there are some differences in demonstrative and interrogative pronouns.

! The southern boundary of Vietnam was extended in the 17t century and remains unchanged. The Southern
speakers originated from south-central provinces (Phu Yen, Binh Dinh) and groups of immigrants who came
from China, Khmer, and Cham.
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SVN NVN CVN Glossary
1 nay nay ni “this”
2 dan dan ) “where”
3 sao sao rdng “how”
4 vdy vdy nra “s0, too”
5 bao nhiéu bao nhiéu bao lam “how much”
6  thong hay thwong, hay nang “often”
7 Pi kia 76 “that”
8 tui 101 tau “17
9 md‘j may mi “you”
10 6ng ong dy ong no “elder man”
11 ba ba dj/ w no/ mé no “‘elder woman”
12 o chi d’y 0 no “she”
13 anh anh dy eng no' “he”

As the examples show, a remarkable feature of the Southern speech is phonetic changes to the third
personal pronoun anh dly, chi dly, ang dj/, ba d’y, (see cases 10 to 13). In these grammatical words, the
demonstrative pronoun d’y is eliminated. The tone C1 replaces the tones Al, B1, and A2, and finally
takes a single form as dnh, ¢/, (fﬂg, ba. The grammatical word of the SVN, compared with the NVN,
is apparently similar (cases 1 to 6). However, it is different from those in the CVN. This difference is

a result of the ancient origin that is still evident in the CVN.

Secondly, content words, which used to label the names of objects, apparently differ among the
dialects, particularly in labelling non-living and animated objects. For instance, each dialect has a
different way to indicate the relationship of a man with his child. For example, the words 6, #dy
“father” are commonly used in both CVN and NVN, whereas Southern talkers prefer to call their
father as cha, ot ba (tia stems from the Khmer language, and rarely used in several provinces in the
Mekong Delta). The word nén “candle” is used in the NVN, but a CVN speaker would prefer to use
den sdp. The SVN speaker will call it dn ady instead. The word 46 “tiger” is spoken by the northerner,
whereas the southerner uses @p, and the central speaker calls it £bd. Below is a list of words made by

Hoang (2009) and synthesized through the dialect map by Kondo (2013).
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NVN SVN CVN Glossary NVN SVN CVN Glossary

ngo bip bip “corn” lon heo heo “pig”

gna trai trdy “fruit” hoa bing hoa “blossom”

cd qud ¢d loc o tran “fish” roi man ddo “plum”

i chink bot ngot vi tinh “olutamate”  che trd che “tea”

xe dap xe dap xe dop “bicycle” 0-10 xe hoi  xecon  “cat”

thia muong thia “spoon” bat chén doi “bowl”

thuyén ghe noc “ship” nén din cdy den sap  “candle”

phong bi - bao the bi thee “envelope”  chan mén chan “blanket”

rdt V0 fit “shocks” man ming  man “mosquito net”

sip lo bing cai bingcai  “broccoli”  bing banh banh — “ball”

Due to the various origins, there are many inequalities among the dialects in labelling an object. Instead of
man “plum” in the SVN, the Northern speakers call it 70/, whereas the Central speakers name it dao. A
loanword sip lor (stems from the French “chou-fleur”), is transcribed correspondently sp /& in the NVN.
The remaining dialects prefer to use the native term bdng iz for it. The Southern and several patts of the
Central use #ii banh for “ball”. However, it is called gua bing in NVN. In daily conversation, these terms
lead to some confusion for the non-native listeners of a dialect, or those unfamiliar with these terms.
Fortunately, the mass media has gradually shortened the lexical or phonological distances across the
dialects. Because of this, the non-native speakers of a dialect might understand better what native
speakers from another dialect speak. In addition, some typical words occurring in the dialects have
become common lexical items. These are used widely through the entire territory. For example, sin riéng
“durian”, mdng cut “mangosteen”, chim chom “rambutan”; stem from the SVN. But these words have now

turned into the common lexical items in Vietnamese.

In short, the three dialects differ from each other to some degree in terms of lexical and phonological
aspects. Phonologically, each dialect has slight differences in terms of onset, medial glide, nucleus,
coda, and tone. Lexically, each dialect also has some object names that are completely distinct from the
others. It probably leads to confusion for the non-native listeners of a dialect. For the purpose of the
current study, some remarkable features were synthesized among the three dialects of Vietnamese. The

following section considers the tone identification of older listeners in tonal languages.

2.3 Tonal perceptions of older listeners
A considerable amount of literature has been published on tonal perceptions and productions in
older adults for Cantonese, Mandarin, and Thai (Yang, 2015; Kasisopa, 2015; Varley & So, 1995).

The studies first compared the abilities of young adults and older adults to distinguish the tone.
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Secondly, they determined the lexical tones that are more confusable or troublesome to
distinguish for both groups of listeners. In the Vietnamese language, previous research
concentrated primarily on tone perceptions in young adults only (Brunelle, 2013; Kirby, 2009;
Brunelle & Jannedy, 2007 and 2009; V4, 1981 and 1982). These found acoustic and perceptual
differences in Vietnamese tones across the dialects. It is necessary to take a brief look at these

previous researches on tone perception in older adults.

Varley and So (1995) performed an experiment studying Cantonese tones on the subject of tone
production. For this experiment, two groups of listeners—young and older adults—were recruited.
The participants had to distinguish among printed pictures that represented the speech stimuli
conveying the tones. The result showed that the young listeners gave more correct responses than
the older adults. The listeners above 50 and 69 years showed a deterioration of tone perception. They
accounted for 61% (50-59 years) and 53% (60—69 years) of the errors. Among the six Cantonese
tones, the authors revealed that tone T4 (a low-falling tone) was more confusable than those with
high pitch levels and rising contours in the older adults’ tone perception. This finding led the
researchers to conclude that difficulties of tonal identifications were relevant to difficulties in

auditory perception due to the listeners’ age.

Similarly, Yang and his colleagues (2015) conducted a research on Mandarin tones and compared the
vowel perception of young and older adults. The participants were asked to differentiate among the
tones and vowels. The results showed that the older listeners scored significantly lower in tone and
vowel identification than the young listeners. Comparing the error rates between tones and vowels
within the group of older listeners, the authors indicated that the listeners had mostly misidentified
the tones rather than the vowels. In addition, among the four Mandarin tones, tone T3 (a low-
dipping one) was the one the older listeners confused the most. From these findings, the authors
suggested that aging strongly affects the perception of tones in Mandarin, whereas no evidence

reflects the impact of this factor on vowel identification.

Likewise, Kasisopa and his colleagues (2015) also found that among the five Thai tones, the falling
tone was difficult for older listeners to recognize. The research was on the distinction of tonal
contrasts in adults and older adults in noisy and quiet conditions. The participants were asked to
determine whether two tones in each tonal pair were identical or different within a time limit. The
results showed that the stimuli that included high-rising tones were significantly more distinguishable

than the stimuli comprising falling tones. The younger listeners did significantly better in this task.
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Based on these findings, the authors concluded that aging deteriorates tonal recognition in Thai,

especially the falling tones.

In short, the results suggest that the tones with a falling contour negatively influence tonal
identification in older adults. However, the tones with a high-rising contour do not affect tonal
discrimination among older listeners. Furthermore, the younger listeners recognized tones
significantly better than the older listeners. With regard to the misidentification of falling or low-
dipping tones, there are several simple explanations. Firstly, some tones are acoustically similar
on pitch heights or contours. So, the older listeners could not distinguish well between two tones
that share similar features (Yang et al., 2015; Varley & So, 1995). Secondly, difficulties in tonal
recognition may reduce psychoacoustic processing or degradation of cognitive ability (Yang et

al., 2015; Kasisopa et al., 2015).

With regard to the Vietnamese language, previous research perceptually examined the tones across its
dialects, but primarily focused on younger listeners. Thus, there is no information on tone
recognition by older listeners, in particular, by the native listeners of SVN. Although languages and
methodologies were tested differently across the studies in Vietnamese, Thai, Mandarin, and
Cantonese, the findings shared similar features relevant to tonal perceptions. That is, the tones with

low pitch and falling contours are more challenging to the listeners.

Vi (1981) examined tonal perceptions in three groups of dialects, including NVN, CVN, and SVN.
In this experiment, the listeners of each dialect were asked to determine tones in speech stimuli
presented in their own dialect as well as other dialects. The results suggested that the listener’s dialect
plays a significant role in determining tones. In addition, the listeners scored significantly better on
the tone when the speech stimuli denoted the context than when the speech stimuli contained only
individual syllables. The Southern listeners could recognize well two tones in their own dialect,
namely ngang (A1) and sic (B1). However, they were more confused when it came to b@/éﬂ (A2), ndng
(B2), and 4oi (C). The tones A2 and B2 share similar acoustic features. This led to a lot of errors.
This finding was comparable to that of Brunelle and Jannedy (2013). They conducted an experiment
on perceptions of tone across the dialects. The participants, who were native listeners of SVN, were
asked to discriminate among tones in their own dialect and NVN. The listeners could identify four
tones, Al, A2, B1, and B2, in both dialects quite well. However, they could not identify well the
tones C1 and C2 in NVN. The listeners made lots of errors in recognizing the tones A2 and B2 in

their dialect. Interestingly, they recognized these two tones significantly better in NVN. The authors

21



REVIEW OF LITERATURE

emphasized that due to the similar contour and heights of pitch, the tones A2 and B2 are less
distinct. Hence, confusion perceptually exists for these two tones in SVN. In contrast, A2
acoustically differs from B2 in NVN. So, even the SVN speakers could make out these tones well. In
the same vein, Kirby (2009) conducted an experiment examining tone recognition among tonal pairs.
The research revealed that the Southern listeners found tone A2/C1 pair (low, falling) to be

significantly more confusing than other tonal pairs (high, rising).

Overall, these results are consistent regarding the identification of tones with low pitch-falling contours
in the tonal languages. With respect to tone identifications in Cantonese, Mandarin, and Thai, the
researchers suggested two possible reasons for the misidentification of the falling tones among older
adults: aging factor and similar acoustic features of tones. However, the findings from Vi, Brunelle,
and Jannedy showed that the confusability of the low-falling tones for the young listeners of
Vietnamese (SVN) was probably because of the similar acoustic features of the two tones (A2 and B2).
Yet, it is still unclear whether this is relevant to tonal identification by the older adults in Vietnamese.
Particularly, it is not known how well the older listeners of SVN identify tones in their familiar
dialect, or which among the fives are more confused by them, as it was observed in the cases of

Cantonese, Mandarin, and Thai.

2.4 Tones in Southern Vietnamese

A five-tone system is representative of SVN. It can be classified depending on their pitch levels and
pitch contours (Kirby, 2010; Brunelle, 2009; Vi, 1981). The acoustic features of pitch levels and
pitch contours are illustrated in figure 1 (a right panel) in the section of Vietnamese dialects. In this
system, tones 407 and #ga merge into a single tone 4oi (C), a low-dipping rising tone in the SVN.
Tone ngang (A1) has a high pitch level and a high contour. Tone huyén (A2) has a lower pitch and a
falling contour, whereas the tone sic (B1) has a high level and a rising contour. Finally, the tone nang
(B2) is produced as a low-falling one, starting at mid level and then dropping rapidly to the bottom
range. Brunelle and Jannedy (2013) stated that the most important distinction between the SVN
and the NVN is relevant to laryngealization (creaky voice). This laryngealization is missing
altogether in the SVN, leading to the coalescence of tones C1 and C2 into one tone (C). So, as
mentioned earlier, young listeners are perceptually confused between tones A2 and B2 due to very

similar FO heights and contours.
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In this study, all five tones were employed to find out the effect of tonal patterns of syllables in
SRTs, while the three tones of Al, A2, and Bl were employed to study the effects of FO on

phoneme recognition.

2.5 Speech perception in older adults

2.5.1 Deficits in speech perception

Speech perceptions of older listeners have received considerable attention (Stam et al., 2015; Lee,
2015; Schneider, 2011; Cervera et al., 2009; Jenstad, 2001; Studebaker et al., 1997; Gelfand & Piper,
1987; Townsen & Bess, 1980). Most of the studies support the hypothesis that older listeners have
deteriorated speech perception. The deteriorations of speech reception are apparent in listeners aged
60 years or above. Gelfand and his colleagues examined the ability of consonant recognition using
nonsense-syllable tests for listeners aged between 21 and 68. The results showed no significant
differences in consonant scores between the young and the middle-aged listeners. However,
significant difference was found in a group of listeners aged above 60 years, especially when the
stimuli were presented in a noisy condition. Similarly, Studebaker et al. measured WRS on the
listeners aged between 20 and 90 years by using monosyllabic words. The authors indicated that the
word scores of the 70-year-old listeners was significantly deteriorated as compared with the 30-year-
old listeners. More noticeably, the 80-year-old listeners scored significantly worse than the 70-year-
olds. Regarding the extent of differences in speech recognition among adult listeners, Divenyi et al.
(2005) found an increment of 6.32dB/decade for listeners aged between 60 and 83.7 years. Besides,
Pronk et al. (2013) analyzed the results of a Longitudinal Aging Study of Amsterdam (Huisman et al.,
2011), which focused on the changes in SRTs in noise among 1,298 participants aged between 57
and 93 years. The analysis showed a deterioration of roughly 0.13 to 0.27 dB per year in speech
recognition thresholds across four decades. The discrepancy in the recognition thresholds across the
age groups between the two studies might stem from sample sizes. Divenyi et al. worked with a small

number of participants whereas Pronk et al.’s study had a significantly large sample size.

In addition to the difficulties of speech perception in noise, high-frequency hearing loss is
considered to be the second primary problem of older listeners. While listening to speech
materials, older adults performed pootly while recognizing high-frequency phonemes, for
example, fricative sounds: s, s, f, b, 3, v, as compared with other phoneme categories (Hull et al.,

2012; Kuk, 2010; Kramer, 2008). Also, for pure-tone stimuli, duo-tone thresholds changed the
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most at high frequencies of 3-8 kHz, and did not changed or minimum changed at low

frequencies of 0.5 and 2 kHz for the 50-60 age group (Wiley et al., 2008).

2.5.2 Causes of speech perception deficits

The researchers gave the following two remarkable reasons for the deterioration of speech
recognition by older listeners: the perceptual or cognitive decline related to aging (Fortunato et al.,
2016; Mukari et al., 2015; Cervera et al., 2009; Akeroyd, 2008; Gelfand & Piper, 1987). However,
speech deterioration could also be due to “hearing loss or age-related changes in cognitive

functioning, or both of these factors” (Schneider, 2011).

To study the effects of perceptual decline, Jerger (1972) compared the speech performances of three
groups of listeners: normal-hearing, young hearing-impaired, and older hearing-impaired listeners.
The normal-hearing listeners, of course, performed significantly better than the two groups of
hearing-impaired listeners. However, at the same level of hearing impairment, the young hearing-
impaired listeners performed better than the older hearing-impaired listeners. Lunner and Sundewall-
Thorén (2007) found that the high-cognitive-score group showed better mean-speech thresholds (4.5
dB lower) than those by the low-cognitive-score group. Similarly, Gatehouse et al. (2003) found that
the high-performing groups scored significantly better on speech identification of words (9% higher)
than the low-performing groups. These results supported the hypothesis that the cognitive decline in

older adult listeners is a primary factor for the deterioration of speech performances.

For the effects of sensitive declines, Cervera et al. (2009) measured PRSs and working memory
scores in two groups of listeners: one was young listeners (19 to 25 years), and the other was
younger-older adult listeners (55 to 65 years). The result indicated that the younger-older listeners
performed worse on both phoneme recognition and working memory than the young listeners. This
result might support the concept that sensory deterioration is a major cause of decrement in speech
and working memory capacities in older listeners. Akeroyd (2008) surveyed 20 studies that measured
the association between speech recognition in noise and aspects of cognition. The author one again
confirmed that there was a link between speech recognition and cognitive capacity (in noise). The
author also found that sensory declines, and not cognitive declines, remained the primary reason for

the deterioration of speech recognition. Cognitive decline only had a secondary effect.

Regarding sensory declines, presbycusis-related hearing loss is prevalent among older adults. It is

associated with aging. This kind of hearing loss accounts for more than 90% hearing impairment in
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older patients (Fortunato et al, 2016). For listeners with presbycusis, the input signals are
deteriorated due to sensory decline (Lorienne, 2001). As a result, it is difficult for them to encode the
speech signals. Cognitive ability includes working memory, attention, speed of information
processing, and intelligence. Among these, working memory has been intensively studied. Cervera et
al. (2009) stated that working memory was “crucial in language processing” because the
“intermediate product of comprehension has to be kept active until the listeners can understand the
message”. Thus, the working memory is considered to be “an active system” for the allocation,
storage and processing of the information. Thus, deficits in the working memory by older listeners
contribute to declines in speech perceptions. As mentioned earlier, the declines in speech recognition
among older adults is probably due to hearing loss, age-related cognitive decline, or both. Besides,
some researchers provided evidence to illustrate that hearing loss can also result from impoverished
signal input. For example, speech signals may be distorted or delivered to older listeners with noise.
Another example relevant to realistic conversations is that older listeners often find it difficult to

identify who is talking and exactly what they are talking about.

2.6 Speech audiometry

The aim of an audiological evaluation is to identify the types, levels, and configurations of hearing
impairment. An audiological assessment consists of otoscopy, tympanometry, auditory reflex, pure-
tone audiometric testing, and speech audiometric testing. Otoscopy provides physical inspection
relevant to the status of the ear canal and eardrum. Tympanometry is employed to assess the mobility
of the tympanic membrane and discover fluid in the middle ear or injuries in the eardrum. Auditory
reflex testing provides extra information on an involuntary muscle contraction occurring in the
middle ear when sound stimuli are delivered. When these observations are combined, the audiologist

can diagnose the etiology of hearing impairment.

The speech audiometry can judge how well an individual can recognize and understand speech
stimuli. The speech audiometric measurement includes the SRT, the speech detection threshold
(SDT), and the WRS. The SRT in a particular language is defined as the level of hearing at which a
listener can correctly identify 50% of a set of spondees (Martin & Clark, 2008). The SRT is also
utilized to validate pure-tone thresholds due to high association between SRTs and the average of
pure-tone thresholds (0.5, 1, and 2 kHz). Thus, it is considered as a cross-check (Kramer, 2008, p.
180). The SDT is merely employed when an SRT cannot be achieved. SDT is also called a speech-

awareness threshold (SAT). The objective of the assessment is to gain the lowest hearing level at
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which the speech stimuli can be detected 50% of the time. The test needs clients to merely point
when a stimulus is delivered. Due to its easy understandability, spondees like airplane, football, cowboy,
and mushroom are used as speech stimuli in SRT and SDT. For listeners with normal hearing, the SDT
is roughly 5 to 10 dB lower than the SRT (Kramer, 2008, p. 183), which requires listeners to iterate

the presented words.

Along with pure-tone thresholds, SRTs are useful in illustrating the degree of hearing loss.
However, SRTs are not representative of the hearing levels at which individuals listens to speech in
their actual environments. Word recognition (WR) testing estimates how well a listener can identify
speech stimuli at one or more hearing intensity levels. The result is described as a percent of
correct words identified, which is called word recognition score (WRS). Another way to report the
result of WR testing is PRS. SRT and PRS are the focuses of the current research. PRS is different
from the SRT in which the entire word list is scored as a whole, rather than each speech stimulus

individually, as in SRT.

2.6.1 Speech materials in Vietnamese

Regarding local speech materials, three studies are relevant to the designs of speech audiometry
materials in Vietnamese (Hanson, 2014; Nguyén, 1986; Ngo, 1977). However, the speech materials
have not yet been implemented in clinical assessments. Hanson and Nguyén have developed both
monosyllabic word recognition and disyllabic speech recognition materials. In Hanson’s work, the
monosyllabic material included 200 words divided into four sub-lists of 50 words each, and the
disyllabic speech materials comprised 89 words. The materials were balanced in terms of speech
intelligibility for each speech stimulus. In the monosyllabic speech material, the mean psychometric
function slope at 50% was roughly 5%/dB for both female and male speakers. In the disyllabic
speech material, the mean psychometric function slope at 50% was 11.3%/dB for male speakers and
10.2% /dB for female speakers. In Nguyén’s work, the disyllabic word speech test comprised 100
items, distributed into 10 lists of 10 items each, and the monosyllabic word material included 200
items, divided into 10 lists of 20 items each. Both speech materials were equalized on phoneme
distributions and the frequency of the tonal patterns (high to low pitch) to ensure that the selected
words in each list matched its counterpart in Vietnamese. In an early study, Ngo6 constructed
audiometric tests including a digital stimuli test (ranging from 11 to 99) and a speech test (200
monosyllabic words). These speech tests (developed by Nguyén and Ngé) were then conducted on

individuals with hearing impairment. The authors suggested in the early 1990s that these speech
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materials could be adapted to the needs of clinical assessment in Vietnamese. However, we think that
due to a lack of normative values of SRTs, and dialectal variation the two speech materials have so
far been inapplicable to a clinical setting. Hanson only assessed the psychometric equivalence of
speech audiometry materials for research purposes. Thus, the normative values of SRT or WRS are

still unavailable for speech audiometry materials in Vietnamese.

2.6.2 Adaptive Auditory Speech Test
The Adaptive Auditory Speech Test (AAST) is an automatic procedure to determine the SRT of
young children and adults in both quiet and noisy conditions. Using a closed set of only six

spondees, the test procedure is minimally dependent on an individual’s lexicon.

The listeners have to click on the correct picture representing a speech stimulus after hearing it.
When the responses are correct, the intensity levels of the next speech stimulus will be 5dB
softer (3dB softer in noise). When the responses are incorrect or there is no response, the next
stimulus will be 10dB louder (6dB louder in noise). The test ends after seven wrong answers

from a listener. The maximum mean testing time is two minutes per condition.

The speech material is available in several languages: German, Dutch, Spanish, Polish,
Luxemburgish, Chinese, and Ghanaian. The speech material uses spondees like Eisbdr “polar
bear” Schneemann “snowman”, Fussball “football”, Flugzeng “airplane”, Handschube “gloves”, and
Lenkrad “steering wheel” as speech stimuli (Coninx, 2005). These words have a redundancy that
is comparable to short everyday sentences comprising only two keywords. When the spondee
words do not exist in a particular language, for example, Spanish, trisyllabic words are considered

as a replacement.

The speech test uses an automatic adaptive procedure. Thus, the evaluation of an individual’s SRT is
reliable. Moreover, the average testing time is short and the learning effects are correspondingly fast
and negligible. In addition, children aged four years show their motivation towards the test, and they

can perform it quickly and comfortably.

With respect to the German AAST, Coninx (2005, 2008) has validated the reliability of AAST in
testing German children aged between four and 12 years and determined its normative values. He
found that children aged four years performed significantly worse on SRTs (10dB) than those aged
11 years. Children aged eight years could achieve average speech thresholds that were comparable to

adults’ speech thresholds. A possible explanation for the difference was a lack of concentration in
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younger children. Based on these findings, the author suggested that the listenet’s age and their SRTs
in German AAST were interdependent. The author found that at 50 percent correct responses, the
slope of the psychometric curve was 14%/dB for speech-in-noise measurement. This finding was in
line with that of the Oldenburger Kinder Satztest (Wagener & Kollmeier, 2005), which had slopes of
0—8%/dB and 12-14%/dB in quiet and noise respectively.

2.7 Summary
The purpose of this section is to review the literature on the dialectal effects on speech audiometry
testing and dialectal variations across the Vietnamese dialects, tonal identification in tonal languages

by older listeners, and speech perception in older adults.

With respect to dialectal effects, in almost all the studies, the native listeners of a dialect obtained low
speech thresholds or high phoneme scores (the best) in contrast to the non-native listeners. The latter
achieved high speech thresholds and somewhat low phoneme/word scores (Weisleder & Hodgson,
1989; Schneider, 1992; Le et al., 2007; Shi & Canizales, 2012; Nissen et al., 2013). This means that a
strange dialect was the reason for a decline in speech intelligibility by listeners. However, the
conclusions drawn from these findings are not in agreement regarding their clinical significance.
Schneider, Crews, and Nissen et al. found effects of dialects on speech perceptions, but the effects
were not significant for clinical application. In contrast, Weisleder and Hodgson, and Shi and Canizales

have argued that the dialect negatively affected the clinical assessment of clients.

The section also provided an overview of different features across Vietnamese dialects relevant to
phonetics and lexicons. About phonetics, the initial consonants (onsets), prevocalic, nuclei, and final
consonant (codas) reflect a wide variety of dialects. In the initial consonants, the retroflexes /s, 7, t/
are enunciated as /s, z, ¢/ respectively in NVN. In SVN, these sounds are produced as /s, y, ¢/,
such as, sdn—aocdn “six”, trai—cha “tea”, and neon—gwou (gu). The initial /v/ behaves as /j/ in the
SVN, in contrast to the NVN and CVN, in which the /v/ does not change. For the medial glide,
speakers of the SVN produce the prevocalic /-w-/ in two different ways: (1) they remove the
onset in a syllable and then the prevocalic becomes the onset instead, (2) they delete the
prevocalic from the syllable, and another consonant replaces the initial phonemes at the onset.
In contrast, the speakers of the remaining dialects retain the prevocalic /w/ in their speech. For
the nuclei, diphthongs /i_9, wi_9, u_9a/ ate shifted into long vowels /i:, w:, u:/ in SVN, whereas
these are distinguished manifestly from the long vowels in NVN and CVN. Furthermore, the vowels

/€, e/ ate enunciated like /i/ in the SVN when it precedes the final phoneme /-m, -p/ in syllable
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structures. These vowels are discriminated well from each other in the NVN and the CVN. The final
consonants /-t/ and /-k/ perceptually and acoustically differ between NVN and SVN. The SVN
speaker uses the phoneme /-t/ as /-k/, and /-n/ as /-1/ in some cases. However, in most cases, the
speakers of NVN and CVN distinguish /-t/ from /-k/, and /-n/ from /-1/. Regarding the tonal
systems across dialects, the standard Vietnamese has six tones. But in the dialects, only five or four
tones are used. SVN speakers do not differentiate between nga (C2) and hoi (C1) with respect to
pitch heights. These two tones are coalesced into the single tone C in the SVN. In contrast, the
NVN speaker can distinguish between these tones based on the height of tones (low pitch for C1,
and high pitch for C2). The tones C2 and C1 are united into the single tone B2, and B1 behaves as
C1 in some regional dialects of the CVN. Due to perceptual and acoustic distinctions, non-native

listeners misperceive the tones from an unfamiliar dialect more than those from their own dialect

(Brunnel & Jannedy, 2013).

Apart from the difference in tones and phonetics, the dialects also differ in terms of their lexical
aspects. Non-living and animated objects are named differently across the dialects. These differences
in tones, phonetics, and lexicons across the Vietnamese language might lead to confusions for native

and non-native listeners of a dialect in daily conversation.

With regard to tonal identification by older adults, the results suggested that the tones with low FO
values (low-falling contour) affect a listener’s speech identifications in tonal languages (Thai,
Cantonese, and Mandarin). In contrast, the tones with a high-rising contour do not affect the
older listeners regarding either speech recognition or tone discrimination. No reference studies
have so far examined tonal or speech identifications by older listeners under the effects of lexical
tones in Vietnamese. However, the findings of Brunelle and Jannedy (2013) and Va (1981) found
that younger listeners frequently misidentified the tones that had similar contours and height of

pitch, such as huyén (A2) and ndng (B2).

Regarding the speech perception of older adults, previous research has shown that speech reception
deteriorated in listeners aged more than 60 years. An increment of 6.32 dB per decade was found for
listeners aged between 60 and 83.7 years (Divenyi et al., 2005). The reasons for this decline of speech
recognition in older adults were derived from the perceptual or cognitive declines associated with aging
(Fortunato et al., 2016; Mukari et al., 2015; Cervera et al., 2009; Gelfand & Piper, 1987). Sensory
declines are known to have the primary effect on the deterioration of speech recognition. Cognitive

declines have only a secondary effect (Akeroyd, 2008). The difficulties of speech perception in noise
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and high-frequency hearing loss are considered as the two properties of sensory impairment in older

listenets.

For the speech audiometry materials in Vietnamese, Hanson (2014), Nguyén (1986), and Ngé
(1977) have designed the speech materials for both monosyllabic and disyllabic words. However,

these speech materials have not yet been implemented for clinical purposes due to dialectal variation.

In the next section, the designs of speech materials—AASTs and NAMES in Vietnamese—will
be described.
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3. DESIGNS OF THE SPEECH MATERIALS IN VIETNAMESE LANGUAGE

To achieve the aims of the current research, we developed two kinds of speech materials depending
upon the linguistic features of SVN. First, the AAST was designed based on the phoneme frequency
in written languages. The speech stimuli were two-syllable noun phrases. The test was used to
measure an individual’s SRT. Second, NAMES was based on the phoneme frequency in the spoken
language. The stimuli were meaningless disyllabic structures (CV-CVC). This test was used to assess
a listener’s PRS. These two speech materials were utilized as the stimuli to determine (1) the
normative values, (2) the dialectal effects, and (3) the effects of the tonal pattern of syllables on

speech perception, and the learning effects (AAST) on speech recognition thresholds.

3.1 Designs of a speech material of AAST

In designs of the AAST, researchers have suggested the following criteria: the selected words should
be familiar to the listeners; the phonetic elements should be different across the words; the phonetic
elements of a speech material must duplicate the distribution of phonemes in that language (Carhart,
1951 and 1952; Coninx, 2000); and the speech stimuli must be more homogeneous in terms of

speech intelligibility (Ramkissoon, 2001).

The purpose of auditory speech material is to measure an individual’s speech threshold, not his/her
cognitive capacity or intelligence (ASHA, 1988). Especially in AAST, the speech materials are
designed for children. Hence, the selected words must be familiar to them, simple, and age-
appropriate. Phonetic dissimilarity is the most important feature when the words are selected for
AAST. Similar phonology among speech stimuli can cause confusions for listeners when the stimuli
are presented at softer presentation levels. More importantly, Carhart proposed that phoneme
distribution in a speech audiometry test should be similar to its counterpart in a language. Even if
AAST includes only six spondees, it covers the phonetic range of SVN. Due to the limited numbers
of words, some less-frequently-used phonemes might occur in the AAST. The homogeneity of
speech intelligibility means that each speech stimulus within a speech test or across the speech tests
of AAST has a balanced amplitude level. Thus, the speech stimuli are also adjusted in their intensity

level to ensure that their audibility within the subtest and across subtests of AAST are homogeneous.

In the current study, these four criteria have been adhered to in designing the five subtests of AAST
in SVN. Below are more details of the choices of AAST words, the phoneme frequencies, and the

intensity balances for AAST.
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3.1.1 Phoneme frequencies in Southern Vietnamese—written text

Unfortunately, there has been no literature on phoneme distribution in Vietnamese. Early studies
only examined the frequencies of tones taken from Vietnamese dictionaries (Pham, 2003; Hao,
1997). Due to the lack of findings on phoneme frequency, phoneme distribution in SVN had to be
calculated (Nguyén, 2014). Sample texts were collected from different sources, including books for
children and young readers, along with local online newspapers. This corpus consisted of 157,337
monosyllables, corresponding to 424,175 phonemes. Overall, vowel phonemes account for 46.3%
while consonant phonemes make up 53.7% of the SVN text. The detailed frequency of the

occurrence of phonemes in SVN is reported in Appendix A.

It has to be noted that the phonemic system in SVN misses some pairs of phonemes due to the
merger as compared with those in NVN and CVN. These mergers occur in several contexts. For
example, the phonemes /v- and z-/ are replaced by /j-/ in the initial position, and the phonemes
/-t/ and /-n/ are altered by /-k/ and /-/ respectively in the final position. These have already
been mentioned in the literature section (§2.2.2). The frequency of the occurrence of phonemes in

SVN was categorized based on this regulation.

3.1.2 Choices of disyllabic noun phrases

There is ambiguity in terms of the definition of “word” in Vietnamese. The term “word” can be
understood as “the smallest meaningful unit” that refers to an object’s name. It can stand by itself,
and combine with another to constitute a sentence (Mai et al., 1997). Based on this definition, each
word in Vietnamese is considered as a linguistic unit, which has one or more morphemes to name
objects. Similarly, other linguists, like Cao (1999) and Nguyén (2013), have also proposed that the

<

term “word” is “the smallest meaningful unit”. However, they have suggested that each word
corresponds to a syllable. In other words, the term “word” in Vietnamese is considered to be a
monosyllable. A word unit including two syllables is considered to be a disyllabic phrase and not a

compound word as mentioned in other languages.

In the current research, the authors followed the word definition proposed by Cao and Nguyén: «
word s the smallest meaningful unit, and each word corresponds to a syllable. Therefore, a combination of two
syllables (noun) is referred to as a disyllabic noun phrase. For the sake of convenience, however, the
authors preferred to use the term word, and in some necessary cases, the term disyllabic noun phrase to

indicate the speech stimulus in AAST.
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Selected words were generated from the most-frequently-used words in Vietnamese. This was done
to make sure that younger children could easily recognize the words. The words were derived
primarily from the SVN dictionary (Huynh, 2007). Fifty-four words were collected, with each
disyllabic noun phrase comprising six to seven phonemes. Eventually, 26 disyllabic noun phrases

were considered. They met the following criteria (Coninx, 2005; Offei, 2013):

The phoneme frequency in AAST duplicates its counterpart in SVN:
- The words phonetically differ from each other
- The words have the same prosodic patterns

- The participants, especially the younger children, know well the meaning of words.

The five subtests of AAST have been designed with a tonal contrast in pitch heights and pitch
contours. In the SVN, speakers can acoustically and perceptually distinguish only five tones—mngang:
A1, huyén: A2, sic: Bl, nang: B2, hoi-nga: C (tone C1 and C2 merge into a single from). Below are

explicit mentions of tonal patterns of words in each subtest of AAST.

- AAST-al: high levels, flat contours, including only tone Al

- AAST-a2: high pitch levels with rising contours, including tones A1 and Bl

- AAST-a3: low pitch levels with falling contours, consisting of tones A2, C, and B2.

- AAST-a4: high and low levels with rising and falling contours, including four tones Al,
A2,B1, and B2.

- AAST-aTP: six words are extracted from the four aforementioned subtests. Similar to a4,

high and low pitch levels with rising and falling contours are implemented. It consists of

three tones, A1, B1, and A2.

The 26 two-syllable noun phrases are distributed into five subtests. These are presented in Table 1,
along with the IPA transcription, prosodic and tonal patterns, and glossaries. Each subtest of AAST
is designed to be phonetically balanced as compared with the references of phonemic frequency in
the SVN. Subsection 3.1.3 gives the comparisons of the phoneme frequencies in each subtest of

AAST and the SVN.
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Table 1: The 26 selected words for AAST in Vietnamese, grouped into five subtests with six words each

Word IPA PP TP Glossary
al  thanh long /then' lon'/ S-S HL-HL “dragon (fruit)”
con trai /kon' taj'/ S-S HL-HL “boy”
chim sin /cim' s3w'/ S-S HL-HL “bird”
ban cing /ban' kon'/ S-S HI-HL “balcony”
cam o't /kam' tw_oj/ S-S HL-HL “fresh (orange)”
ddy deo /23j' dew'/ S-S HL-HL “wearing (chain)”
a2 song lon /son’ lon’/ S-S HR-HR “big (waves)”
trii dit /taj’ d3¢°/ S-S HR-HR “carth”
phdo bing /faw” bon'/ S-S HR-HL “fireworks”
vién thude  /ji_on' thu_ok’/ S-S HIL-HR “pill”
19ii xdch /taj’ sek’/ S-S HR-HR “hand(bag)”
mat kinb /mit’ kin’/ S-S HR-HR “glasses”
a3 wathoi /mit’ toj’/ S-S LBr-LF “sun”
16ng ban /log’ ban?/ S-S LF-LF “dish (cover) ”
hinb tron /hin* fon®/ S-S LF-LF “circle”
chdu canh /3w’ ken'/ S-S LBr-LR “flowet(pot)”
dién thoai /di__an° thwaj’/ S-S LBr-LBr “tele(phone)”
900 qua /io" kwa®/ S-S LR-LF “gift(basket)”
a4 Jwong thue lw_on' thwik’ S-S HIL-1LBr “food”
bing den /boy’ d3n®/ S-S HR-LF “bulb”
hoc sinh /hok® sin'/ S-S LBr-HL “pupil”
1ot nhac /not’ nak’/ S-S HR-LBr “musical (note)”
mdng aut / rn'Zu]1 kut®/ S-S HIL-LBr “mangosteen”
guat gidy /kwat® 3’/ S-S LBr-HR “paper (fan)”
a- con trai /kon' taj'/ S-S HIL-HL “boy”
TP i xach /tuj’ sek’/ S-S HR-HR “bag”
[6ng bin /lon” ban®/ S-S LF-LF “dish (cover)”
béng den /bon’ d3n®/ S-S HR-LF “bulb”
can thang /k3w” than'/ S-S LF-HL “stair”
ddi mdt /doj' mit*/ S-S HL-HR “cyes”

The wotds are transcribed on IPA with the superscript above each syllable showing its tone (1:
Al, 2: A2, 4: C, 5: Bl, 6: B2). Abbreviates (PP: prosodic patterns, TP: tonal patterns, S: strong,
HL: high level, HR: high rising, LF: low falling, LBr: low broken, LR: low rising)

34



DESIGNS OF THE SPEECH MATERIALS IN VIETNAMESE LANGUAGE

3.1.3 Phoneme frequencies

The consonant phonemes in the speech test are grouped in terms of the manners of articulation:
aspirated (Asp), plosive voiceless (PVs), plosive voiced (PVed), nasal, fricative voiceless (FVs),
fricative voiced (FVed), and lateral (Lat). The vowel phonemes are exhibited individually and coupled
with tones. Table 2 and Figures 2 and 3 display the phoneme distribution of each speech material

compared with the reference distribution.

Asp PVs PVed Nasal FVs FVed Lateral Asp PVs PVed Nasal FVs FVed Lateral

Phoneme groups Phoneme groups

Table 2: The frequency of consonants (percent) in the
subtests of AAST compared with those in SVN

Manner SVN al a2 a3 a4 aTP

Asp 43 53 48 53 44 5
PVs 284 31.6 333 31.6 348 30
PVed 91 105 95 105 87 20

Nasal 345 36.8 28.6 369 34.8 35

FVs 106 53 143 53 87 5

0 ' ' ' ' ! ' ' FVed 8.8 53 48 53 44 0
Asp PVs PVed Nasal FVs FVed Lateral

Phoneme groups

Figure 2: The frequency of consonants in each subtest
of six AAST words compared with those in the written
language
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The curves illustrate the

phoneme  distribution  of
AASTSs and the language. They
are relatively homogenous.
The distribution of the vowel
phonemes is not very close as
compared with the consonant
since the

phonemes. First,

subtests included only six
wortds each, the distribution of
phonemes in each AAST may
not be 100% same as those in
the written language. Second,
in the vowel phonemes (Figure
3), the

tests are

speech
designed on the basis of
frequently used vowels. So,
some phonemes with a low
frequency of occurrence, for
example, diphthongs, might
appear in the selected words of
the speech materials.
However, the proportions of
phoneme distributions in each
subtest are

comparable to

those in the SVN.
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Figure 3: The frequency of vowel phonemes in each subtest
of AAST in comparison with their counterpart
in the written language
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3.1.4 Picture drawings

Twenty-six simple pictures (Figure 4 and 5) corresponding to the indigenous Vietnamese culture

were drawn. All the pictures were in the following format: JPG, 201x174 pixels.

Figure 4: Test screens of the subtests of AAST, al to a4
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Both speech materials al and a2 were conducted aTP

to measure hearing in children. To find out -

whether the images were identifiable, 20 - a
participants aged between four and six were @ 5 JL,«,‘
asked to identify all the pictures from the speech ' 2] n

materials of al and a2. Over 90 percent of the
selected children could label the pictures. Five

1
students were asked to identify the remaining d 20
3 4

pictures in the other subtests. They could easily

) . . 1. Bong dén 4. Poi mit
label the pictures. So, it can be said that these 2 Con trai - 5. Clu thang
3. Long ban 6. Tai xach

pictures are suitable for the screening tests.

Figure 5: Test screen of the subtest aTP

3.1.5 Sound recordings

The speech stimuli were recorded in the speech stream by a native female speaker of SVN in a
natural and clear voice. The speaker was asked to maintain constant speech levels and distance from
the microphone. The recordings of the AAST speech materials took place in a sound-treated room
in VOH (Voice of Ho Chi Minh City’s people), setting sampling rates of 44.1 kHz and a resolution
of 32 bits. The files were stored as mono sound (one channel, one microphone). Each word was

recorded twice: first in the order of 1-2-3-4-5-6, and second, in the reverse order, 6-5-4-3-2-1.

A native SVN speaker evaluated the recorded stimuli to ensure the best quality in terms of the
speech rate, loudness, intonations, and clarity. The best version of each speech stimuli was
selected. The duration of silence between the first and second syllables in each word was
trimmed by the acoustic software Cool Edit Pro 2.1. The trimmings of the speech stimuli
ensured that these speech stimuli were perceptually natural and suitable for the native listeners of
SVN. For example, a rapid cut-off at the end of each syllable was avoided. Finally, each syllable
in each speech stimuli was digitally edited to have the similar root mean square (RMS) level,
which could make amends for potential intensity differences during the recordings. Thirty
stimuli were selected for five subtests of AAST. Table 3 shows the balances of the RMS levels

between the syllables within a word and across words.
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Table 3: The average and tonal RMS powers for the stimuli of AAST

| Stimuli Average | Total | Stimuli Average | Total
2 power power 2 power power
j (dBFS) | (dBFS) j (dBFS) | (dBFS)
thanh long -18.8 -17.3 mdt 1roi -21.3 -19.4
con trai -18.4 -17.1 long ban | -21.4 -20.2
al chim sin -15.2 -13.5 23 hinb tron -20.6 -19.6
ban cing -20.2 -18.5 chau canh | -21.2 -19.5
cam neo's -15.7 -14.2 dién thoai | -20.1 -18.7
day deo -15.8 -14.4 gi0 qua -21.0 -20.0
song Iom -19.2 -18.1 leong thee | -17.1 -15.3
tréi ddt -16.5 -15.8 bing den -17.6 -16.6
. phdo Mﬂ(’g -19.0 -17.4 » /9,0’5 sinh -20.1 -18.1
vién thuoc -15.5 -14.7 not nhac -17.4 -15.6
tili scdceh -16.3 -15.1 mdng cut -18.0 -16.6
mdt kinh | -17.7 -15.8 guat gidy | -19.2 -17.6
con trai -13.3 -12.9 bing den -16.1 -15.6
alP | i wich -15.8 152 | aTP | dsimdr | -16.8 -15.7
[6ng ban -16.8 -16.8 an thang | -17.5 -16.6

(All values are defined in dBFS (dB full scale))

SRTs in speech audiometric tests of AAST were measured not only in quiet but also in noise. A
speech material in noise is considered the best approach to replicate background noise in daily life
situation (Neumann et al., 2012). So, a noise sound file was recorded by the same speaker. The
speaker was asked to read aloud a piece of daily news from her broadcast program. The recording

lasted approximately two minutes.

3.1.6 Preparations of pilot tests for AAST

The first version of AAST in Vietnamese was prepared in April 2014 at IfAP in Solingen, Germany.
The purpose of the pilot test was to get the initial data to equalize speech intelligibility across
individual stimuli within the speech tests and among the speech tests as far as possible. The pilot test
measurements were performed in the University of Déng Thap (Vietnam) with 40 normal-hearing
participants aged between 20 and 30 years (mean age=24 years). The normal-hearing subjects were
corroborated by duo-tone audiometry, < 30 dB HL for octave frequencies of 0.5 and 4 kHz. The 40
listeners were divided into two groups of 20 subjects each. The first group was tested by using the

speech tests al and a2 and the second one with a3 and a4. The participants were screened
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individually for both listening conditions of quiet and noise. The speech tests were delivered
monaurally to the listener in an interleaved test order, for example, either al and a2, or a2 and al.
The purpose of this method was to avoid possible learning effects in the individual’s SRT. The
equipment was calibrated before the commencement of the hearing measurement. In the test, the
subject listened to the speech stimuli and pointed out the picture matching the meaning of the
stimulus they had just heard. Eventually, these initial data were analyzed to determine whether the
speech stimuli within the speech test and across the speech tests were perceived to be equal in
terms of audibility. The speech intelligibility of each stimulus was presented separately in the
psychometric curve. Based on these psychometric curves, the intensity levels were accommodated
and equated for each stimulus within the speech test to bring the psychometric curves as close as

possible to the optimal psychometric curve. Adjustments were also made across the subtests of AAST.

Psychometric curves

Psychometric functions illustrate the associations between hearing ability and the acoustic levels of
stimuli, which move up with an increase in the stimulus level. Based on the psychometric curve,
how well each stimulus is recognized can be visualized. The intensity levels of stimuli can be
equated with other stimuli to make sure that all of them are homogeneous in terms of speech
intelligibility. The psychophysical theory states that when a stimulus increases in intensity levels,
sensitivity towards this stimulus increases monotonically (Macmillan & Creelman, 2005). The
psychometric function indicates the perceptual sensitivity measured twice—before and after
intensity adjustments. The purpose of calculating the psychometric curve is that it can bring an
internal balance for each stimulus within the subtest and across the subtests of AAST. Figures 6 to
9 show the psychometric curve before and after balancing the intensity level in noisy and quiet

conditions.

Psychometric curves before intensity adjustments

As it can be seen in figure 6, some stimuli seemed to be easy but the others were quite difficult for
the participants. For example, in al, the words “orange”, “chain”, and “bird” were too difficult.
These were modified by increasing the intensity level of the test files from 2 to 3 dB. The rest of the
test was quite easy. Thus, the words were adjusted by reducing the intensity level by 1 dB. In a2, the
words “pill”, “bag”, and “earth” were somewhat difficult, and needed an increase of about 2 dB in

the intensity level. The other words, “fireworks” and “wave” were too easy. So, the intensity of the

files was reduced by 1 dB. In a3, the word “pot” was somewhat difficult. It was modified by
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increasing the intensity of the test files by 1-2 dB. In a4, the words “pupil” and “fan” were too easy.
So, these were changed by decreasing the intensity of test files by 1-2 dB. In contrast, the words
“food” and “note” were too difficult. These were corrected by boosting the intensity by 2-3 dB. In
the aTP, all stimuli seemed to be easy. Thus, these were also modified by decreasing the intensity
level of the test files by 2 dB. In quiet, the average of the slope steepness for the 30 stimuli at the
50% threshold resulted in almost 7.5%/dB (Figure 06).

We have just mentioned the psychometric features in quiet with regard to psychometric features in
noise (Figure 7). There are similarities in the psychometric curves in noise and in quiet. The speech
stimuli that seemed to be difficult for the listener to recognize in quiet also appeared to be difficult
for the listeners to recognize in a noisy condition. In relation to psychometric function slopes, the
average slope values in noise before internal balancing is 9.7%/dB for the subtest of AAST, which

was higher than those in quiet.

Based on the analysis of psychometric functions before intensity adjustments, an intensity-level
correction was made to the speech stimuli in AAST. This was to make sure that the subtests of
AAST received after the internal balances were equal in terms of speech intelligibility. In all, 20
normal-hearing listeners aged between 18 and 22 years were tested by the same procedure as
used for the previous measurement (before the intensity adjustments). The analyses showed new
psychometric curves (Figure 8 for quiet, Figure 9 for noise) that are more homogeneous with

respect to speech intelligibility between the stimuli within an AAST and across AASTSs.

The psychometric function slope values of AASTs were relatively equal between quiet and noisy
conditions. In quiet, the steepness value was 8.2%/dB whereas the steepness value was 8.4%/dB for
noise. Compared with other works, the slopes of the psychometric curves in the current research are
somewhat gentler than those in AAST Ghanaian (Offei, 2013), which had a slope value of
10.2%/dB. They are also gentler than those in OIKiSa, which had a slope value of 13%/dB
(Wagener et al., 2005). The differences in slope values between the present study and others can be
ascribed to linguistic factors that make speech less intelligible in the speech stimuli (Wagener &
Brand, 2005; Zokoll et al., 2013). Indeed, as compared with tonal languages, the psychometric slope
functions of the Vietnamese AAST are close to the slope values reported for speech material
developed in Thai and Cantonese. Hart (2008) found slopes between 8.6%/dB and 9%/dB for a list
of 28 disyllabic words in Thai. Similarly, Nissen et al. (2011) found a slope of 7.6%/dB for a list of

28 disyllabic words in Cantonese.
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Homogeneities of mean SRTs among AAST subtests

The data collected after intensity adjustments were used to assess homogeneities in speech
thresholds across the subtests of AAST (al to aTP). Table 4 illustrates the threshold for the
individual speech test. The mean SRTs across the subtests of AAST were more than 5 dB away from

the expected threshold values, which are expected roughly at 25+5 dB (SPL) and -16 £ 3 dB (SNR).

Table 4: Mean SRTSs for all five subtests of AAST

Speech materials  [dB SPL] + SD [dB SNR] + SD
AAST-al 31.0 £ 2.3 140+ 1.1
AAST-22 334+ 2.0 125+ 1.0
AAST-23 36.0 £ 2.0 90+ 1.1
AAST-a4 36.0 +2.2 101+ 1.0
AAST-aTP 31.0 £ 2.5 14.0 + 3.0

Based on the expected threshold values, the speech stimuli in the speech test had to be modified in
terms of the intensity levels to make sure that the mean SRTs were closer to the expected SRTs.
The adjustments made to the stimulus intensities in each speech test were different from each
other. The maximum adjustment was 5.8 dB, and the minimum adjustment was 1.8 dB. However,
the amount of intensity level correction per speech test needed to be kept within bounds to
preserve the natural speech signals. With the level adjustments, the average SRTs of 255 dB SPL

in quiet and -16+3 dB SNR in noise could be predicted for the speech material.
Confusion analyses in the five subtests of AAST

To examine whether a speech stimulus within a subtest was well recognized, we made a word
confusion analysis. Aside from the two bars “?” and “t.0”, the six bars of the listener’s answers for
each stimulus showed the number of times the listeners chose a response. Figures 10 and 11 show
the word confusion of the four tests of AAST. In al (top panel), listeners often confused between
“balcony” and “fruit”, and “orange” and “fruit”. However, the number of confusions was trivial.
In a2 (bottom panel), most of the listeners responded to the word “bird” with “?” (did not hear or
very unsure about the answer). In a2, the proportion of confused words was less than those in al.

Most listeners responded to the word “pill” with “?”.
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In a3 (top panel), the most confused words were “circle” and “cover”. These were confused seven

times. However, this number is negligible. In a3, the word “pot” was responded with “?”. In a4 (middle

panel), a lot of confusion occurred between the words “bulb” and “pupil” (17 times), and a little lesser

between “food” and “mangosteen” (12 times). In addition, the word “food” was most frequently

responded with “?” compared with the rest of words in a4. Lastly, for aTP (bottom panel), more

confusion happened between the words “bag” and “eyes”. This was probably due to the similar tonal

patterns. Similarly, the word “cover” was misidentified as “ladder”. The word “cover” also drew the

most “?”’s from the majority. It differed a lot from the word “cover” in a3.

However, there was no word
that the listeners confused very
often (>30-40%) with another.
This indicated that the words in
the four AASTs in Vietnamese

were suitable for the actual
hearing  measurement.  Of
course, after modifying the

intensity level of the test files,
which we have stated earlier, the
AAST words might be more
balanced and better in terms of

speech intelligibility.

In short, the Vietnamese AAST
was the first screening test for
this language. This speech test
was designed on the basis of the
procedures used in the existing
AASTSs in German, Polish, and
Ghanaian. The pilot results
showed that the subtests of
AAST in Vietnamese matched
the other AAST's well regarding

speech intelligibility.
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Figure 10: The confusion analyses of the subtests al and a2
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3.2 Designs of the speech material of NAMES

3.2.1 Phoneme frequencies in Southern Vietnamese—in spoken text

The construction of the NAMES test was based on phoneme distribution in SVN. Instead of using
the phoneme frequency in the written language, this speech material was based on the phoneme
allocation in the spoken language. As Carhart (1951) stated, the distribution of phonemes in the

speech test must match that in the spoken language.

To establish phoneme frequency occurrences in the SVN spoken text, spoken samples, including
interview texts, were gathered from an in-depth interview of a PhD project’. The interviewees, aged
between 28 and 60, were mostly born and brought up in southern Vietnam. They were different
kinds of people: farmers, officers, journalists, and lawyers. Each recording section took around 30
minutes. All sound files were recorded and stored separately. Ultimately, all were converted into
word files. The numbers of syllables were 136,129 units, consisting of 362,527 phonemes. The
phoneme frequency in the spoken language is shown in Appendix A. In this section, the frequency

for the selected phonemes that were used to establish the NAMES test is illustrated.

3.2.2 Phoneme selections and nonsense disyllabic CV-CVC structures

The NAMES test, which comprises nonsense disyllables, is constructed depending on the syllable
structures of Consonant-Vowel-Consonant-Vowel-Consonant type (C,V,C,V,C;) along with their
tonal patterns. To achieve the lists of nonsense disyllables, which are phonetically different, balanced,
and representative of everyday languages, the most frequently used phonemes in the spoken text
were chosen for the onsets, nuclei, and codas. Frequently used tones were selected. The initial
phonemes included /k, d, t, t, 1, v, m, h, b, j/. The vowel phonemes consisted of /a, 0,9, 3, 4, i/, and
the final phonemes comprised /-k, -t, -m, -, -j/ in conjunction with three tones ngang (A1), huyén
(A2) and sdc (B1). The consonant phonemes included 60 items for three positions (C,, C,, and Cy),
with 20 items each. The nuclei contained 40 phonemes, which were equally distributed among the
positions of V, and V,. First, these phonemes were computed into an Excel file based on their
position: the initial (C,), medial (C,), and the final one (C;). Second, an initial consonant phoneme
was coupled with one in six vowel phonemes in conjunction with two tones for a two-syllable
combination. Next, the phonemes were permuted in a random order to create four lists of
disyllables, with 20 items each. Every speech material is made up of the same onsets, vowels, codas,

and tones to make sure that the phonetic contents are similar across the lists of syllables.

*The project is being conducted by PhD student Tran Tu Van Anh of the University of Bonn (forthcoming 2017)
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Finally, a native listener of Vietnamese (a linguist) inspected whether these disyllables follow phonotactic
rules in Vietnamese or whether these are meaningful syllables in the language. For example, the tone B2
and Al never come with final stops of /-k and -t/. The short vowel /3/ never occurs in a syllable
without a final sound. To solve such cases, the unqualified syllables were left out and substituted by a
corresponding syllable extracted from the same row in the Excel file. The flowchart is shown in Figure
12. It shows the steps followed to develop the words. The speech test included 80 nonsense disyllables,
divided into four sublists of 20 each (see Appendix B). In the SVN, the onset of labiodentals “v” is

€C_ 2>

spoken like phoneme /j/, as a representative of “v” in transctiption.

As mentioned earlier, to develop NAMES, we selected phonemes that frequently occur in the
spoken text. It was assumed that phonetic correspondences between the speech material and the
particular language would increase the validity of the speech material. The phoneme proportion
of the NAMES words in each sublist has been shown in tables 3.5 a—b in comparison with those

in the spoken text.

Allocate 6 vowels (plus 3 tones),
10 consonants at onset, and 5 codas
(100 items in total)

Concatenate
& Permute

cerrrerees C1vi-c2vacs| false

Figure 12: The flowchart illustrating the steps to create meaningless C;V1-C2V2Cs syllables
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Table 5: Proportion of consonant phonemes in NAMES test

Phoneme Occurrence Percentage Expected Rounded C-C, C,
/k/ 17589 11.5 9.1 9 4 5
/d/ 13054 8.5 6.8 7 7
/t/ 11394 7.4 5.9 6 3 3
/t'/ 9776 6.4 5.1 5 5
/1/ 9756 6.4 5.1 5 5
/v/ 9184 6.0 4.8 5 5
/m/ 8818 5.7 4.6 5 3 2
/h/ 8793 5.7 4.6 4 4
/b/ 7711 5.0 4.0 4 4
/-9/ 23829 27.0 5.4 5 5
/-i/ 20473 23.0 4.6 5 5

Onset: Cy, Cy; coda: Cj

Table 6: Proportion of vowel phonemes in NAMES

Phoneme Occurrence Percentage Expected Rounded
/o/-B1 9862 14.2 5.7 5
/a/-A2 8306 12.0 4.8 5
/o/-Al 6856 9.9 4.0 4
/i/-A2 6374 9.2 3.7 4
/a/-Al 6104 8.8 3.5 3
/a/-B1 5555 8.0 3.2 3
/o/-Al 3772 5.4 2.2 2
/3/-A1 3769 5.4 2.2 2
/3/-B1 2800 4.0 1.6 2
/i/-Al 2655 3.8 1.5 2
/d/-Al 2509 3.6 1.4 1
/o/-A2 2504 3.6 1.4 1
/a/-A2 1805 2.6 1.0 1
/i/-B1 1778 2.6 1.0 1
/o/-Bl 1234 1.8 0.7 1
/3/-A2 1152 1.7 0.7 1
/4a/-B1 1150 1.7 0.7 1
/o/-A2 1110 1.6 0.6 1

Each vowel phoneme (V) combines with one of the three tones: Al (High
level tone), A2 (low-falling tone), and B1 (high rising tone).

3.2.3 Stimuli recordings
All meaningless disyllables were read out by a 40-year-old woman who spoke standard SVN. The speaker
was asked to pronounce four lists of C,;V,-C,V,C, syllables with the following instructions: to maintain

constant intonation during the recordings, to avoiding an asking intonation, and to maintain a reading
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speed within a sublist and among the sublists in a natural pronunciation. The acoustic stimuli were
recorded as a mono with sounds digitized at 44.1 kHz and 24 bits and saved separately in PCM wave file

format. Avoiding background noises, the recordings were arranged in a sound-treated room of VOH

with the ambient noise around 25 dBA.

Then, each stimulus was modified with a 50 ms silent duration between the first and second syllables
(Le et al., 2011). The aim was to ensure that all two-syllables were uttered as they are done in daily
conversations. The syllable durations were also adjusted. Next, to make sure that all 80 stimuli were
balanced in terms of energy, the RMS values of each stimulus (first and second syllable) were
measured with Cool Edit Pro 2.1. Each syllable in each disyllable combination was equalized at a

similar total RMS level. Figure 13 shows the distribution of RMS for 80 stimuli of NAMES. Mostly,

the stimuli were close to -17dB.
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Figure 13: Distribution of energy (total power) in the stimuli of NAMES

3.2.4 Phoneme categories in the speech material of NAMES

The aim of this study was to examine phoneme and tone identification scores by older listeners. We
assumed that older listeners would be less accurate in performances as stimuli carry a high-rising
tone, as compared with a low-falling or high-level tone. Furthermore, fricative sounds presumably
would be more challenging to recognize for older listeners. Based on these assumptions, the
phoneme categories of NAMES were grouped on the basis of manners of articulation. The vowels

were combined with three tones, A1, A2, and B1, in combinations of vowel-plus-tone.
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(1). Vowel phonemes /a, 0, 9, 3, &, 1/ plus the high level tone (A1)

(2). Vowel phonemes /a, 0, 9, 3, 4, 1/ plus the high-rising tone (B1)

(3). Vowel phonemes /a, 0, 9, 3, 4, i/ plus the low-falling tone (A2)

The consonant phonemes were classified into five subcategories based on the manners of

articulation.

(4). Voiced stops /b, d/

(5). Unvoiced stops /t, k, t"/
(6). Laterals and nasals /m, 1,1/

(7). Fricatives /j-, h/
(8). Semi-vowels /-j/

3.2.5 Preparations of the pilot test

The 200 speech stimuli of NAMES were imparted to five normal-hearing subjects, who were

students at the University of Bonn (Germany). The pilot test aimed firstly, to examine the validity of

NAMES test, and secondly, to observe the listener’s behavior to the nonsense speech stimuli.

The speech stimuli were presented
binaurally in the listener’s ears
through the headphones HAD 280
with the presentation level at 80 dB
(SPL). Then the listeners were
asked to iterate the speech stimuli
they had just heard. The data were
extracted from the Excel file CSV
to compute the PRS. It is the
number (percentage) of phonemes
correctly identified out of 100
phonemes per list. As expected, the
subjects were interested in our pilot
test due to the novelty of the

speech stimuli.

Figure 14: A screenshot of the NAMES test
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The normal-hearing listeners obtained a grade of “highly recognizable” and an average PRS of 98%.
This PRS was in line with those in Kuk et al. (2010), which had an average score of 98% for male
speakers and 97% for female speakers. The number of correct words in the current study was 19 out
of 20 tokens. The observed results revealed that all NAMES stimuli are initially suitable for the actual

phoneme recognition measurements.

Figure 14 illustrates an example of a test screenshot during administration. After the listeners’
responses, the tester or helper would type the listener’s responses into the box(es) corresponding
to each phoneme. The tester clicks on either the individual virtual keyboard or the box “All
correct” if the listeners had 100 % correct responses—or “All wrong” if the listener had no
response at all. The listeners were encouraged to ask for a reiteration of the speech stimulus if
they could not hear it obviously. Once the response was recorded clearly, the next speech

stimulus would come to the listener’s eats.

In each list of 20 words, the software automatically tabulated the total number of words,
phonemes, and vowel and consonant categories, and ensured that they had been correctly
repeated. Furthermore, the speech stimuli and the corresponding responses were saved on the
computer’s hard drive for each list of the test. The listeners’ responses were also recorded for

further assessment.

The NAMES test is a supra-threshold speech-screening test. Its scores are calculated as the percentage
or number of phonemes correctly recognized. The test is built based on the nonsense CVCVC
structures, which are independent of the individual’s literacy and education (Cooke et al., 2010). The
speech test is also suitable for non-native listeners who have a little experience of the language being
tested (Paglialonga et al., 2014). The nonsense speech test is independent of the listener’s cognition, too
(Akeroyd, 2008). These include short-term memory or speech processing, which is considered to be
the causes of deterioration in speech recognition, particularly in older listeners (Gordon-Salant, 2005).

The authors of this research found the above-mentioned factors interesting.

3.3 Summary

In summary, this section has described the designs of the two speech materials: AASTs and
NAMES. AAST consists of five subtests with six two-syllable noun phrases each. It is well
established and has been carefully assessed through pilot studies. The NAMES test was initially

developed for Vietnamese. Eighty meaningless disyllabic structures are divided into four lists of 20
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items each. Ideally, this kind of speech test is used to determine supra-threshold PRSs for listeners
who are older children, adults, and older adults. However, it might be unsuitable for younger
children. The initial assessments of the two speech tests indicated that these speech materials could
serve as speech stimuli for further measurements. The next section will move on to the details of the

methods used in the present study.
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4. OBJECTIVES AND RESEARCH QUESTIONS
4.1 Objectives

The preceding introductory section has given some indication of the uses of the study. The

objectives of the current research are proposed in detail:

- To standardize and validate two speech audiometry materials of AAST (in quiet and
noise) and NAMES by groups of native listeners of SVN.

- To examine the validity of using the two speech audiometry materials to assess SRTs and
PRSs by non-native listeners of SVN who speak NVN and CVN.

- To investigate SRTs and phoneme identifications by older native listeners under the

effects of tonal patterns (FO) of syllables.
- To determine the correlations between SRTs, PRSs, and duo-tone thresholds in quiet and

noise for normal-hearing listeners of SVNN.

4.2 Research questions and hypotheses
Specifically, the following research questions (RQ) and hypotheses (H) are raised to achieve the

aforementioned objectives.

RQ1. What are the age-related norm values for Vietnamese AAST and are these values similar to
those in other languages?
Hila. The norm values depend on the listeners’ age. Children and older adults perform significantly poorer on speech-

threshold values than adults do.

H1b. The age-related norm values in V'ietnamese are analogous to those in other languages.

RQ2. Is AAST a “simple test” because learning effects are (almost) non-existent?

H2. I earning effects are non-existent in the Vietnamese AAST due to the similar speech-threshold results among

three test trials.

RQ3. Do tonal patterns (FO) in terms of lexical tones in Vietnamese have any effect on the speech

recognition of older native listeners with high-frequency hearing loss?

H3. Tonal patterns (F0), in terms of lexical tones in 1 ietnamese, have an effect on speech recognition of older native

listeners with high-frequency hearing loss.

- AAST: Speech threshold values are different across the subtests of AAST under the effects of tonal

patterns in quiet and noise.
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- NAMES: Scores of tonal (phoneme) identification differ among the three tones.

RQ4. What are the age-related norm values for Vietnamese NAMES and are these values similar to

those in other languages?

H4b. The norm values depend on the listener’s age, in which older adults perform significantly poorer regarding

phoneme scores than younger adults do.

HA4b. The age-related norm values for NAMES in Vietnamese are similar to those in other langnages.

RQ5. Which are relevant for dialectal aspects in AAST and NAMES?

Hb5a. There are significant differences in speech threshold values in AAST between the native and non-native

listeners of the dialect.
(T'he native listeners achieve better SKT values than non-native listeners)

HS5pb. There are significant differences in the response time in AAST between the native and non-native
listeners of the dialect.

(The native listeners need a shorter response time than non-native listeners do)

Hbc. There are significant differences in phoneme recognition scores in NAMES between the native and non-native

listeners of the dialect.

(T'he native listeners obtain better phoneme scores than the non-native listeners)

RQ6. What are the interdependencies of AAST and PTA, NAMES and PTA, and AAST and
NAMES?

Ho6a. There are strong associations between dno-tone and AAST thresholds in quiet and noise.
(The better the speech threshold value, the lower the duo-tone threshold value)

HOb. There is an association between the duo-tone threshold and the NAMES score.
(The higher the phoneme score, the better the duo-tone threshold)

Hoc. There are strong relationships between the NAMES scores and the AAST thresholds.
(The better the speech threshold value, the higher the phoneme score)

To attain the proposed objectives and address the research questions, the speech materials of AAST
and NAMES were designed to assess speech perception by the native and non-native listeners of
SVN. The primary focus of AAST is to “assess the skills at the detection level as well as at the
discrimination level” (Offei, 2013, p. 65). The focus of the NAMES test is to measure the facility of

phonemic identification and differentiation above an individual’s threshold.
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In the designs of new speech materials, norm values are expected to provide a “benchmark” for further
assessments as a reference value. Thus, the normative data were collected from the normal-hearing
native listeners of SVIN using the two speech materials of AAST and NAMES. Learning effects reflect
the reliability of the speech materials so that minimal learning effects are expected. The previous
studies conducted by Mohammed (2010), and Offei (2013) have provided unclear findings. No learning
effects were found in Mohammed’s work in contrast to Offei’s works, which sometimes found the

existence of learning effects, and sometimes not. This is of special interest in the current study.

In speech audiometric testing, auditory perception of speech differs from client to client due to their
linguistic backgrounds, such as language competence, and dialect variation, which contribute to the
intelligibility of the clients being diagnosed. Hence, dialect differences can, for example, lead to
misidentification of the types and levels of hearing loss. No information is currently available on this
issue in Vietnamese audiology. Therefore, the aspect of dialectal effects on auditory perception of
speech is of special interest in this thesis. Data on dialectal effects were gathered from two groups of

non-native listeners of NVN and CVN.

Vietnamese is a tonal language. The identity of an individual syllable or word is based on its tonal
pattern and the phonetic structure. The identity of an individual tone depends on the changes of
pitch patterns that a syllable carries (Blicher et al., 1990). Thus, the tonal pattern (FO) is the primary
cue for tonal identification. Two speech materials were used to explore how older native listeners of
SVN perceive disyllabic noun phrases and nonsense disyllables under the effects of tonal patterns of
syllables. For audiometric testing, the effect of tonal patterns on hearing performances have not yet
been considered in the Vietnamese language, especially for older listeners with high-frequency
hearing loss. We did not know how well the older native listeners perceptually identify speech stimuli
at different pitch levels and pitch contours. Also, we did not know the extent to which the tonal
pattern of syllables manipulates the hearing performances of older listeners. AAST and NAMES
were administered to groups of older native listeners aged between 65 and 85 years. In the research

on tonal effects, the term “tonal pattern” is defined only in terms of syllable tones, not word tones.

Aside from the mentioned themes, the dissertation also assessed the relationship between speech

audiometry materials and duo-tone audiometry.
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5. METHODS
5.1 Speech test of AAST

The AAST was designed to determine normative values in SRT by Southern listeners. The speech
material was also used to determine whether the listeners’ speech recognitions were affected by
dialectal variations and lexical tonal patterns (FO) of syllables. With respect to the learning effects on
the speech performance, AAST was also used to examine whether the learning effect still existed in
the Vietnamese AAST. Below are the detailed descriptions of participants, speech materials, and test

procedures in the current research.

5.1.1 Speech stimuli

This AAST comprised the following five subtests: al, a2, a3, a4, and aTP. The speech test a2 was
primarily used to determine the normative values, dialectal effects, and tonal pattern effects. Along
with a2, the remaining speech tests (al, a3, a4, and aTP) were also used to determine the effect of
tonal patterns on the speech thresholds. The subtest al was mainly conducted to investigate the

learning effects, along with a2.

An acoustic analysis of the tonal patterns of speech materials was necessary to measure the
fundamental frequency values of each speech stimulus. The analysis illustrated a detailed look into
the differences in pitch heights and pitch contours across speech materials. Values of pitch heights
and formants for every stimulus (Figures 15 and 16) were extracted from the phonetic software Praat
(Boersma & Weenink, 2013). For al, pitch values of all six words ranged between 160 and 290 Hz
with an average of 230 Hz, and the pitch contours remained equal across stimuli. For a2, the pitch
values were measured in a range of 194 to 450 Hz, averaged at roughly 270 Hz, with the pitch
contours rising at the ending pitch (in the case of tone B1). For a3—low pitch level and falling
contour tones—the pitch value was between 140 and 380 Hz, and averaged around 235 Hz. For a4
and aTP, the pitch levels were somewhat equal with wider ranges of 150 to 500 Hz (a4), and 150 to
450 Hz (aTP). The FO values were equal—roughly 240 Hz—and the pitch contours were between
falling and rising.

The remarkable distinction in pitch level values could be easily captured between the speech tests al,
a2 (with a high pitch level and high-rising contour), and a3 (with a low and low-falling contour). The
remaining speech tests of a4 and aTP carried both low and high tones. Hence, the mean FO values

for both were equal. In general, the FO values were below 500 Hz across subtests of AAST. The
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measured FO values in the speech materials were comparable to those of the findings by Pham

(2003), and Brunelle (2003).
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Figure 15: Amplitude waveforms and FO of speech stimuli, al to a3
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Figure 16: Amplitude waveforms and FO of the speech stimuli, a4 and aTP

5.1.2 Listeners

children). The hearing measurements were based on the Declaration of Helsinki (6th).

The AAST was administered to 435 normal-hearing listeners aged between four and 85. Otoscopy
and duo-tone audiometry (octave frequencies 0.5, 4 kHz) were carried out for each listener. Only
listeners who have average duo-tone thresholds lower than 30 dB HL (children, adults) and lower
than 45 dB HL (older adults) were recruited in this study. A large number of listeners were excluded
from the measurement due to hearing impairment, cognitive decline (among older listeners),

incomplete hearing measurement due to shyness, lack of attention, or misunderstood task (younger
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Native listeners

In all, 200 listeners aged between four and 85 took part in the study on normative values. They were
divided into the following three subgroups depending on the listeners’ age: children (48 years),
youth-adults (15—40 years), and older adults (55-85 years). All participants were born and brought up
in the south of Vietnam. They mostly lived in Déng Thap Province at the time of the study. Some

lived in the provinces of An Giang and Tién Giang and H6 Chi Minh City.

Children: The sample consisted of 74 mono Vietnamese children, divide into three age groups:
four-year-olds (n=24, girl=10, mean age=4.4 years), six-year-olds (n=29, girl=15, mean age=6.4
years), and eight-year-olds (n=21, girl=9, mean age=8.4 years). The four-year-old children were
preschoolers at the kindergarten of Thai Hoa. The two remaining groups comprised elementary
students at the Primary School of Thuc hanh Su Pham. Besides, 12 six-year-old children (mean
age=0.5) were recruited for the study of the learning effect. The 12 children were tested only on their

dominant ear, based on their duo-tone thresholds.

Youths and adults: Sixty-six listeners aged between 15 and 40 years participated voluntarily in the
measurement. They were divided into three age groups: 15 to 20 years (n=22, female=12, mean
age=18.3 years), 21 to 30 years (n=24, female=11, mean age=25.3 years), and 31 to 40 years
(female=11, mean age=306.7 years). Among the younger listeners (15 to 20 years), some were high
school students. The remaining were undergraduate students at the University of Dong Thap. Of the
listeners aged between 21 and 40 years, some were students and some were university employees.
These participants studied English as an obligatory subject in their school or university. A fourth of

them could speak at least basic English.

Older adults: The sample included 66 older listeners aged between 55 and 85 years, including three
age groups: 55 to 65 years (female=10, mean age=59 years), 66 to 75 years (female=9, mean

age=71.4 years), and 76 to 85 (female=9, mean age=80 years).

To study the tonal effect, 108 normal-hearing listeners aged between 55 and 85 were recruited. The
test subjects were divided into five groups: Group 1 (n=21, female=10, mean age=67, SD=8.3),
Group 2 (n=19, female=11, mean age=65, SD=6.8), Group 3 (n=23, female=12, mean age=07,
SD=9), Group 4 (n=23, female=14, mean age=066.5, SD=8), and Group 5 (n=22, female=12, mean
age=067, SD=8.7). Each group performed one of the speech materials of al, a2, a3, a4, and aTP,

respectively.
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Due to a lack of samples comprising older listeners, especially those above 75, listeners from other
areas of the south were recruited. Some came from An Giang province, and some lived in Saigon.
The listeners differed from each other in terms of educational and occupational qualifications. Some
were Catholic nuns or retired personnel, and had achieved a higher education level. Some were
retired handyworkers with limited education. A few of them spoke advanced English or French
while the majority (roughly 85%) spoke only Vietnamese. It has to be noted that roughly half of the
listeners had retained their daily habit of reading newspapers or playing chess. Due to visional
impairment, some others preferred to listen to the radio or watch TV for news instead. A few did
not read the news or watch TV at all. In our observations, the older listeners who had retained one
of the above-mentioned habits in their daily life or had a good literacy level obtained better SRT's.
Our observation was similar to that of Murphy et al. (2016), who stated that the educational level of

an individual negatively affects their cognitive ability, indirectly causing a deterioration of speech.

Non-native listeners

In all, 115 non-native listeners, who originated from North and Central Vietnam, participated in the
study on dialectal effect. Apart from the children who might not have been familiar with SVN; the
university students or older listeners had more or fewer experiences with the dialect due to either the
media or their occupation, which might have needed them to exchange information with native

speakers of SVN.

Northern listener groups: The group consisted of 59 subjects, including the following subgroups:
six-year-olds (n=20, girl=9, mean age=0.5 years), 20-30-year-olds (n=21, female=11, mean age=24.6
years), and 65—75-year-olds (n=18, female=11, mean age=69.2 years). Many of them were born and
brought up in Hanoi. A few of the university students and older adults were temporarily living in

Hanoi due to their job or education at the time of the study.

Central listener groups: Fifty-eight listeners originally from central Vietnam took part in the study.
Most of them were born and brought up in the provinces of Nghé An and Ha Tinh. The listeners
included three groups: 19 six-year-olds (girl=9, mean age=06.4 years), 21 adults aged between 20 and
30 (female=9, mean age=24 years), and 18 older adults aged between 65 and 75 (female=10, M=68.2

years).

Before the screening test, the listeners’ hearing threshold was measured using duo-tone with two-

octave frequencies, 0.5 and 4 kHz, for both ears. The audiograms were variable, ranging from 5 to 45
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dB HL for these two frequencies (see Appendix J). The younger listeners (except for the four-year-
olds) presented a perfect duo-tone threshold in both octave frequencies. The older listeners showed
a wider range of duo-tone thresholds from normal to mild hearing impairments, especially on the
duo-tone 4 kHz. Due to poor concentration or abstract features of the duo-tone stimuli (Kramer,

2008, p. 204), the four-year-olds performed significantly poorer duo-tone thresholds.

In the current research, the cognitive data of listeners (especially older adults) were not recorded.
However, all older listeners were considered to have good cognitive ability according to their

performances of duo-tone and AAST.

5.1.3 Test procedure
The author of this thesis and two students, who had been guided for several days, carried out the

examination.

The hearing measurements took place in a quiet room where background noise ranged from 38 dB
to 48 dBA, measured with a digital sound level meter (GM1351). Furthermore, the background
noises were also recorded with a recorder device (Tascam DR-05). It is difficult to find a sound
booth to measure the hearing. So, the measurement took place in kindergartens, primary schools,
universities (music room, libraries), churches, or even in private rooms (for older listeners). During
the hearing tests, all windows and doors were shut to minimize the interferences of environmental

odours.

The listeners were measured on the SRTs individually. Each measurement lasted roughly 10 to 15
minutes per person: 10 minutes for adults and 15 minutes for children and the older listeners. As it
has been mentioned previously, the duo-tones 0.5, 4 kHz were used for an initial assessment of an
individual’s hearing capacity to determine whether he/she could carry on with the measurements.
For those hard of hearing, an otoscopic exam was suggested to give them a brief idea about the

current state of their ears. They were advised to visit audiologists for further assessment.

Before the hearing measurements, the listeners were familiarized with the speech stimuli of AAST in
combination with the six pictures that were displayed on the laptop screen. A printed picture with six
items was delivered to help the younger children familiarize themselves with the speech stimuli. After

that, the listeners received this brief instruction:
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“You will hear words that will become softer and difficult to hear. After hearing the word, you

must point out the picture. When you do not know the word, press the question mark (?).”

The speech stimuli were presented monaurally through Sennheiser HD 280 headphones. The tester
ensured that the headphones adequately covered the listener’s ears. During the test, the tester
observed the listeners’ feelings or reactions to offer timely support if they encountered fatigue or

confusion in the performances.

The speech material of a2 was used to determine the normative values and assess dialectal effects,
while al, a2, a3, a4, and aTP were used to evaluate the tonal effects on the older listenet’s speech
recognition. With regard to the learning effects, the children repeated al thrice and a2 twice. The

dominant ear was tested. The test was performed in the following pattern:
[a2—al—(five-minute break)—al—-al-a2]

As mentioned in section 2, the speech threshold of young normal-hearing adults was expected to be

close to 25 * 5dB (SPL), and -16 £3dB (SNR) with a small inter-subject variance.

5.1.4 Data analyses

All data were extracted separately from Bells to Excel files and stored in CSV formats. The data were
analyzed with a statistical software (R version 3.2.1). The analyses showed descriptive statistics across
studies. To compare SRTSs across the groups (age, dialect) or speech materials, a one-way analysis of
variance (ANOVA) was conducted to measure the main effect. To follow up the interactive effect, a

post-hoc test Tukey was conducted. The statistical significance was set at p-values of 0.05.

The descriptive statistics of SRTs across all hearing conditions were computed and illustrated
through box plots, which showed values of mean, minimum, maximum, and median, the 25th
percentile, and the 75th percentile for each data set. The dependent variable were the SRT's values in
noise and quiet. The independent variables were the dialect groups (Northern, Southern, and
Central), test trials, speech stimuli (al, a2, a3, a4, aTP) and age groups. Correlations between aging
and the SRTs across age groups were also calculated. The confusion matrix among speech stimuli

and speech material was also analyzed.

5.1.5 Exclusion of outliers
Some data points on AAST were considered to be outliers due to measurement errors, or

misunderstood tasks. For example, the listeners were sometimes confused when the first speech
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stimuli were presented. This happened particularly with the younger children or the older listeners. A
few listeners responded to acoustic cues in their strategy. For example, they guessed the speech
stimuli as the acoustic cues declined, leading to the lowest (best) speech threshold. Additionally,
interferences of background noise (traffic noise, conversation) caused more mistakes by the listeners.

Hence, data points were distant from the central variable of the data set.

Data analyses were based on Tukey’s method (Tukey, 1977) to identify whether a data point was
an outlier. An outlier was defined by its allocation, which was outside the fences (whiskers) of
box plots. The following tables showed that some outliers (ears/audiograms) were eliminated

from the analyses.

Table 7: Number of outliers (ears) in the normative data of AAST-a2

Groups N Outliers
(listeners, ears) quiet  noise
Children
4:00 to 4:11 (24, 48) -5 -5
6:00 to 6:11 (29, 58) -9 -3
8:00 to 8:11 (21, 42) -6 -3
Youth
and adults 15y to 20y (22, 44) -2 -1
21y to 30y (24, 48) -6 -2
31y to 40y (20, 40) -2 -4
Older adults
55y to 65y (20, 36) - 10 -1
0606y to 75y (20, 37) -2 -0
76y to 85y (20, 31) -3 -2

Table 8: Number of outliers in dialect datasets

Groups N Outliers
(listeners, ears) quiet  noise
Northern
Children (18, 36) -4 -4
Adult (21, 42) -2 -3
Older adult (18, 34) -6 -5
Central
Children (19, 38) -2 -1
Adults (21, 42) -7 -3
Older adults (18, 35) -6 -6
Southern
Children (27, 54) -3 -2
Adults (24, 48) -6 -1
Older Adults (17, 34) -4 -5
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Table 9: Numbers of outliers across the five subtests

Stimuli N Outliers
(listeners, ears) quiet  noise
al (21, 41) -4 -5
a2 (19, 38) -5 -3
a3 (23, 40) -7 - 16
a4 (23, 40) -3 -5
aTP (22,44) -6 -8

In all, 435 listeners participated in the studies with 838 audiograms per hearing condition (quiet
and noise). Out of the 838, the data from 110 ears/audiograms in quiet and 85 ears/audiograms
had to be eliminated from the analyses, leaving 720 audiograms in quiet and 753 audiograms in

noise for further analysis.

We have provided a detailed description of the methods used to collect data for the AAST. The next

part of this section will give an overview of the methods used in the NAMES test.

5.2 Speech test of NAMES

The NAMES test was designed to find out and validate normative values in PRSs by native listeners
of SVN. Besides, the speech test was also used to determine whether the dialect significantly affected
the PRS of the non-native listeners of SVN, and whether the pitch height of tone (FO) affected the
older listener’ speech recognition. The following detailed description is about the participants, the

speech stimuli, and the test procedures across the studies of the NAMES test.

5.2.1 Speech stimuli

Forty meaningless disyllables, divided into the two sublists A11 and A22, comprising 20 items each
(see Appendix B), were used in the studies. As mentioned earlier, the phonemic distributions in A1l
and A22 were homogeneous. The phoneme distributions of the two sublists were analogous to their
counterpart in the spoken language of SVN. This made sure that the speech material was a
duplicate of their daily spoken language. The syllables in C,V,-C,V,C; structures carried two
tones out of the three (Al, B1, and A2). Phonetically, homonymy was non-existent across the

speech stimuli within a sublist.

With nonsense syllables, linguistic properties (semantics, or syntax, or word frequency) can probably

be removed from speech materials (without effects from top-down processing). However, listeners
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would respond to those by meaningful syllables instead (Bosman & Smoorenburg, 1995), according
to their lexical size. In contrast, by the use of meaningful syllables, they might have guessed speech
stimuli correctly even if they did not pay full attention to those. In addition, the meaningless speech
materials are known to be independent of an individual’s literacy or education (Cooke et al., 2010).
Furthermore, this speech material also works for non-native listeners who have less experience of the
language being tested (Paglialonga et al., 2014). Another advantage of meaningless speech materials is
the independence of the cognitive ability of listeners (Akeroyd, 2008), which is considered to be the

cause of deterioration in speech recognition.

The NAMES test functions through the Bells software installed in laptops. Laptops connect to the

following devices: dr.dac nano-soundcard, Sennheiser HDA 280 headphones, and microphone

Samson UBIT.

5.2.2 Listeners
In all, 173 normal-hearing listeners participated in the NAMES tests. Five of the 173 participants
were excluded from the study due to poor performance (due to hearing loss). They were among the

older listeners above 75.

Native listeners: In all, 127 participants aged between 15 and 85 years took part in the assessment
of norm values. Information on the listeners has been given earlier. However, the number of
listeners in certain age groups changed for the NAMES task. These were: 31 to 40 years (n=19,
female=10), 55 to 65 years (n=22, female=12), 66 to 75 years (n=24, female=12), and 76 to 85 years

(n=19, female=8). The number of listeners in the remaining groups remained unchanged.

Regarding the study of the response modes, 18 adult listeners aged between 25 and 40 years
(female=10, mean age=32.5 years), who studied at the universities of Bonn and Cologne, were
recruited for the study. They spoke Vietnamese in their daily life. Half of them spoke NVN;, and the
other half spoke SVN.

Non-native listeners: The listeners were aged between 20 and 30 years. Of them, 19 spoke the
Northern dialect (female=10, mean age=25 years), 19 spoke the Central dialect (female=10, mean
age=25.6), and 21 spoke the Southern dialect (female=12, mean age=24 years). None of the listeners
exhibited any problem of articulation. Due to the difficulty of recruitment of older listeners, the

study of the dialectal effect in NAMES was conducted only on the group of adult listeners.
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5.2.3 Test procedures

The listeners were tested individually in an alternative order of A1l and A22. The test time lasted
roughly five minutes for each listener. Before the measurement started, the listeners did not
familiarize themselves with the speech stimuli or the response tasks. All of them were asked to orally
iterate the 40 nonsense disyllabic structures in two lists of 20 each. Before the measurement, the

listeners received an instruction on the response task:

“You are going to hear 20 words that present individuals’ names. Please listen to these
carefully and repeat them orally at once. If you do not hear the word properly, please ask the

examiner for a reiteration.”

The speech stimuli were presented binaurally via Sennheiser HDA 280 headphones at fixed intensity
level of 80 dB SPL in quiet. This is regarded to be the most comfortable intensity level for those with

normal hearing.

Only the authors of this thesis carried out the examinations. The examiner gave the PRSs by
assessing the correct and incorrect responses from the listeners through a graphical user interface.
The tester observed the listener’s lip movements during the test. To recheck the test performances,
the listeners’ voices were picked up separately by a microphone (Samson UB1) and automatically
stored in a laptop’s hard disk. Furthermore, a digital device (TASCAM DR-05) recorded the
background noise and the listeners’ prompts during the test performances. This recording device was

placed roughly 30cm in front of the listener’s mouth.

To study the response method, the listeners iterated the speech stimuli by the following approaches:
oral and written. Avoiding the learning effect might influence the phoneme scores, these two

methods were intetleaved during the test performances.

5.2.4 Data analysis
Like in the case of AAST, the data of NAMES were extracted from Bells to Excel and saved in the

CSV format. All data were then analyzed using R version 3.2.1.

The overall PRS across studies were averaged from individual scores based on age groups, dialect
groups, tone, and response modes. To measure the main effect, the ANOVA was carried out, and
the statistical significance was set at p=0.05. Additionally, a post-hoc analysis with Tukey’s HSD was

also done to calculate the p-value to compare the pairs. The proportions of phoneme
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misidentification were also calculated in the percentage of errors based on individual phonemes, or

phoneme classes.

To estimate the correlations between SRTs (AAST-a2) and duo-tone thresholds, and between duo-

tone thresholds and PRS scores (NAMES), a Pearson’s correlation coefficient was used.

This section has described the methods used in the present studies to find out the normative values
for the two kinds of speech materials (AAST and NAMES), the effects of dialects and tones on

speech audiometry testing. The next section will present the findings of the present work.
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6. RESULTS
6.1 Results of the speech test AAST

6.1.1 Normative values

The normative values were analyzed from the normative data of 200 native listeners of SVN. To
determine the normative values of SRT, the listeners’ SRTs were averaged for an individual age
group. Simultaneously, the mean SRTs among the age groups were compared to observe the
differences in the SRTs. The general results are illustrated in Figures 17 (thresholds in quiet) and 18

(thresholds in noise). A detailed description of the statistical analyses can be seen in Appendix C.

The SRTSs in quiet

Figure 17 gives an overview of the SRT's among the different age groups for the native listeners in a
quiet condition. Some generalizations can be seen. First, the maximum differences in speech
recognition values appear in the four-year-olds and those above 55 years. Large inter-individual
variances of SRTs are observed for the two groups as compared with the remaining groups. Second,
both the youth and the adults have stable average SRT values. Third, eight-year-olds obtained nearly
the same average speech threshold as those obtained by the youth or adults. The detailed results are

depicted below.

- The groups of children

The results show a significant difference among the groups of children (A, B, C) with the main
effect, F' (2,129) = 37.7, p<0.001. In particular, the mean speech threshold achieved by the four-year-
olds (37.2 dB SPL, SD=5.1) were significantly poorer than those obtained by the six-year-olds (31.8
dB SPL, SD=2.5) and the eight-year-olds (31 dB SPL, SD=2.54). Additionally, a Tukey’s HSD post-
hoc test revealed a significant difference (p<<0.001) in the SRTs between the four-year-olds and the
six-year-olds, and between the four-year-olds and the eight-year-olds. However, there was a near
statistical significance (p=0.057) in SRT for the six-year-olds and eight-year-olds. A slope of about -

1.6 dB SPL/year was computed as the correlation between threshold and age.

- The groups of youth and adults

As mentioned earlier, the mean SRTs of the younger adults (D) and the two adult groups (E, F) were
stable with a slight difference ranging between 0.5 dB SPL and 1 dB SPL. Specifically, the mean SRT
of the 21-30-year-old group (29.4 dB SPL, 3.4) was slightly better than that of the 15-20-year-old
group (30 dB SPL, 2.5), and the 31-40-year-old group (30.5 dB SPL, 3.0). A one-way ANOVA

revealed no statistical significance among these groups, and the main effect, I (2, 122)=3.32, p=0.33.

71



RESULTS

A post-hoc test for further analyses indicated that the significant difference appeared only between
the groups of 21-30 years and 31-40 years, with p=0.03. No statistical significance was found
between the groups of 15-20 years and 21-30 years. In addition, the correlation between the SRT's

and the subject’s age in these three groups were estimated by a slope value of 0.07 dB per year.

- The groups of older listeners

Eighty listeners aged between 55 and 85 years participated in the study. Due to moderate hearing loss
or cognitive deficits, data from 20 older listeners out of 80 were excluded from the analysis. Hence,
only data from 60 older listeners could be used. Nearly half of the listeners had a problem with high-

frequency hearing loss based on their duo-tone threshold of 4 kHz.

Figure 17 presents the mean SRT obtained by the group of 55-65 years (35.8 dB SPL, 3.3), which was
significantly better than that obtained by the group of 66-75 years (40.4 dB SPL, 3.2), and the group of
76-85 years (40.6 dB SPL, 3.8). Apparently, there is a roughly 4.5 dB SPL difference between the two
oldest groups and the younger one. The oldest listeners (76—85 years) seemed to have a wider range of
speech threshold values as compared with the younger-older adult groups. The ANOVA revealed that
the threshold differences among these groups were statistically significant, with main effect F (2, 86)
=17.3, p<0.001. Interestingly, the mean SRT for the 66—75-year group was exactly equal to that
achieved by the 76-85-year group. Furthermore, the correlation of audibility threshold and the

participant’s age was expressed by a slope value of 0.24 dB per year.

The SRTs in noise

The SRTs in noise across the eight age groups were plotted. The features of SRTs in noise were
relatively similar to those in quiet, with an explicit trend of increment in SRTs from the four-year-
olds to the younger adults, and deterioration in SRTs across the three groups of older adults. The
younger children (four years) and the older listeners (above 65 years) had poor mean speech
threshold values between -9.5 and -6.5 dB SNR. The average SRTs of the children and adults were
relatively equal—roughly -14.5 dB SNR. The mean SRTs of the eight-year-olds were somewhat equal

to those achieved by the adults and the younger adults.

- Group of children
The results (figure 18) showed that the mean SRTs obtained by the younger children was
significantly poorer (roughly a difference of 3 dB SNR) than those of the six- and eight-year-olds. A

one-way ANOVA indicated that the thresholds of these groups were significantly different, with
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main effect F (2, 134)=30.17, p<0.001. In addition, a close correlation existed between the speech

recognition threshold and the listener’s age with a slope value of roughly -1 dB per year.

As stated earlier, the six- and eight-year-olds obtained a high SRT, which was comparable to that of
the youths and adults. During the measurement, these two groups showed their interests and could
run the test themselves without the support. However, the younger children encountered a lot of
troubles, such as a lack of concentration. Even when they showed an interest in the task, their

concentration remained for a short time.

- Groups of youth and adults

The speech threshold values of the young adults and adults were relatively equal with the average
SRTs around -14 dB (SNR). To investigate the significance of the effect of age, a one-way ANOVA
was carried out on the speech threshold. The analysis showed no significant difference among these
groups, F (2, 127)=0.64, p=0.53. Since the speech threshold values of these were exactly equal, there

was a weak correlation between the listeners’ age and their speech thresholds.

- Groups of older adults

The mean SRTs of the 55-65-year group was around 3 dB (SNR) better than those obtained by
the remaining older adult groups. A one-way ANOVA revealed that the difference in mean
threshold among groups was statistically significant, with the main effect of F(2, 98)=19.3,
£<0.001. Similarly, in quiet, the mean SRT obtained by the 66—75-year-olds and 76—85-year-olds
were exactly equal. However, there was a larger range of threshold values for the 76—85-year-olds
compared with those for the 66—75-year-olds. A post-hoc test revealed no significant difference
(p=98). The correlation between age and threshold for the groups of older adults was computed

at 0.2 dB per year.
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Figure 17: Speech recognition threshold values in quiet condition across the different age groups
of the southern listeners (N=200), including the following groups: four years (A), six years (B),
cight years (C), 15-20 years (D), 21-30 years (E), 31-40 years (F), 5565 years (G), 6675 years (H),
and 7685 years (I). The mean SRT's are in mark x

0 —
p <.001 p=.68
~— ~—
-5 epe
E ede
Z Ia _7_ ore
g ee eemeee ' ——
<) 10 - ..gaaeéaaa a:a .—:-: :'
((\Iﬁ -.L.o::.... I:. t.
< o ::'.
-15 — edee ! ee | of qe £ )
T +. . L] . ...?.-..—é— " )
—— eebee ._:_:. ..._::.. _|‘_ p< 001

Age group
Figure 18: Speech recognition threshold values in a noisy condition across the different age
groups of the Southern listeners, (N=200), including the following groups: four years (A), six
years (B), eight years (C), 15-20 years (D), 21-30 years (E), 31-40 years (F), 5565 years (G),
6675 years (H), and 7685 years (I). The mean SRTs are in mark x
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In short, some conclusions can be drawn on speech recognition by SVN listeners. (1) The mean SRT
values for younger children (four years) are 8 dB SPL (in quiet), -5 dB SNR (in noise) higher (worse)
than those for the youths and the adults. (2) The two groups of older listeners (above 66 years)
showed deteriorations in speech recognition (11 dB SPL and -8 dB SNR higher) as compared with
those achieved by the adults. (3) The mean SRT of eight-year-olds was comparable to that of the
adults. These results suggest a strong association between the listeners’ age and the speech threshold

values in quiet and noisy conditions.

6.1.2 Effects of dialects on speech audiometry testing

This section will present the effects of dialect on speech recognition by determining the SRT values
for each listener group: NVN, CVN, and SVN. Simultaneously, the average speech thresholds for
each group will be compared to assess how divergent the speech threshold values are for the native
and the non-native listeners. In addition, the reaction time (measured in ms) for each listener group

will be calculated to compare the native and non-native listeners.

The general results (Figures 19-20 and Appendix D) show that the non-native listeners scored mean
SRT's values significantly poorer than those of the native listeners in both quiet and noisy conditions. A
much bigger range of speech threshold values was observed for the non-native listener groups
compared with the native listener groups. Furthermore, the groups of non-native listeners took a
longer reaction time in their performance in contrast to the native listeners who spent shorter response

time (Figure 21).

Speech recognition thresholds in quiet

Group of children

Children who were native listeners of SVN (S1) performed better than the two other groups of non-
native listeners (N1, C1). The descriptive statistics show a noticeable difference in SRTs among the
children’s groups, in which the mean SRT of N1 was higher (2 dB SPL) than those of S1. The mean
SRT of C1 was also higher (6 dB SPL) than that of S1. The one-way ANOVA revealed that these
differences were statistically significant, I (2, 119) =37.9, p<0.001. In addition, standard error values
(see the table in Appendix D1) for the groups of the non-native listeners were more variable than those

of the native listeners.
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Group of adults

Likewise, the mean SRTs (see figure 19) of the native listeners (S2) were significantly better than
those of the two non-native listeners (N2, C2). A roughly 3.5 dB SPL difference in audibility
threshold showed a statistical significance between the non-native group and the native groups, F (2,
117) =14.5, p<0.001. Moreover, the standard error values of the non-native speakers seemed to be

different from those of the native listeners.

Group of older adults

A few non-native listeners sometimes encountered challenges at the commencement of their
performance, when the initial speech stimulus was presented. This was probably due to a novel
accent or a lack of attention. Consequently, the test performances of several non-native listeners (N3,
C3) seemed to be slightly affected. For example, the test took longer for each of them. In terms of
the speech threshold, both N3 and C3 scored poorer SRTs than the native listeners S3. The
difference ranged between 2.0 and 3.5 dB SPL. A one-way ANOVA revealed a statistically significant
difference among these groups, with F (2, 83) =4.8, p=0.01. The SRTs of non-native listeners were

somewhat equal with no statistical significance (p=0.21).

Speech recognition thresholds in noise

The results are displayed in figure 20 and Appendix D2. Similar to the SRTs in quiet, the threshold
values in noise obtained by the non-native listeners were significantly worse compared with those
obtained by the native listeners. The results under the effect of dialect will be mentioned in greater

detail below.

Group of children

Children who were native listeners (S1) significantly outperformed the non-native listener
children (N1, C1). The degradation in speech thresholds by the non-native listeners ranged from
4 to 6 dB (SNR) as compared with the native listeners. There was a significant difference

between the three groups under the effect.

Group of adults

A third of the non-native listeners (N2, C2) had minor experiences of the Southern speech due
to the media, or their educational or work experiences. Hence, the dialectal variation was
expected to slightly affect the speech thresholds of the non-native listeners. Unexpectedly, the

results showed a huge difference in SRT's between the non-native and native listeners of SVN.
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The mean SRTs of non-native listeners were 3.5-5 dB higher than those of the native listeners.
This difference was found to be statistically significant, with a mean effect for dialectal

examination, F (2, 123)=40.8, p<0.001.

Group of older adults

Similar to the adult groups, the non-native listeners (N3, C3) could exchange information without
any hindrance with people who came from the south. Hence, it was hoped that the SRTs would be
relatively similar among the three groups. However, the results showed a significant difference
among them in terms of speech-threshold values. The Southern participants’ threshold values (S3)
were better than the Northern (2 dB SNR) and Central listeners’ (1dB SNR). Although this
difference was minor, further analysis showed high significance with F (2, 86)=5.1, p=0.01. The
mean SRT of the C3 was close to those of the S3 (1 dB difference). Post-hoc analysis revealed no

significant difference between S3 and C3, p=0.16.
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Figure 19: The speech recognition threshold values presented for the non-native listeners and the native

listeners in quiet, including groups of Northern (N1, N2, N3), Central (C1, C2, C3) and Southern listeners

(81, S2, 83). The numbers coming after letters (N, C, S) indicate age groups (1: children, 2: adults, 3: older
listeners)
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Figure 20: The speech recognition threshold values in noise illustrated for the non-native and
native listeners, including the three groups of NVN (N1, N2, N3), the three groups of CVN (C1,
C2, C3), and the three groups of SVN (S1, S2, S3). The numbers following the letters N, C, S
indicate age groups (1: children, 2: adult, 3: older adults)

Reaction time (RT)

The reaction time is widely used in the area of human speech processing as a quantification of
processing difficulty. In this study, the reaction times were computed when a stimulus began and
lasted until the listener made a choice by clicking on one of the pictures displayed on the laptop
screen. Figure 21 shows the reaction time for each dialect group (RTs of children were excluded
from this study). As expected, the duration of the reaction time of the native listeners were
significantly higher (between 35 ms and 146 ms) than those of the two groups of non-native
listeners. The Tukey post-hoc test was carried out on values of RTs. The result shows a significant
difference in terms of the RT between the Northern and the Southern listeners (»p=0.02), and

between the Central and the Southern ones (p<0.001).
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Figure 21: The reaction time of the three dialectal groups in the correct responses; n=968, 1239, and
916, which are the numbers of correct responses for the Northern, the Southern, and the Central speakers
respectively

In short, the mean SRT's and the RT significantly differ between the non-native and the native listeners
of SVN. The above results show that the participants performed worse when the speech stimuli were
not in their own dialect. Differences in the speech thresholds ranged from 2 dB to 6 dB between the
non-native and the native listeners in quiet, and 1 to 5 dB in noisy condition. The results also showed a
delay in the processing of words when the listeners heard speech stimuli presented in an unfamiliar
dialect. The research findings suggested that the degradation in audibility threshold and the

postponement in RTs of the non-native listeners are most likely because of the dialectal variation.
6.1.3 Learning effects on speech recognition thresholds

To examine the influences of learning effects on AAST, the speech threshold was computed each
time the hearing test was done, and then compared. Figure 22 shows the SRTs under the learning
effect for a group of 12 children (six-year-old). It shows the means, standard errors, and ranges
under quiet and noise. The result shows that better performances were achieved in the second or
third trial. In a quiet condition (left panel), the mean SRT for the first trial was significantly poorer
(roughly 2.5 dB SPL) than the mean SRT's for the second and third trials. The mean SRTs remained
unchanged in the second and third trials. There was a 2.5 dB (SPL) difference between the test and

the retests in a quiet condition. However, the one-way ANOVA revealed no significant difference.
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This was probably because a small number of listeners participated in this research. Likewise, the
mean SRT in noise (right panel) improved gradually to a better speech threshold in the final trial. The
increment in SRTs ranged from 1.0 to 1.8 dB SNR from the first to the last trials. This difference
was negligible. The statistics found no statistical significance under learning effect (p=0.27 for quiet,

»=0.18 for noise).
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Figure 22: The speech threshold values in quiet (left) and noise (right) under
learning effects on six-year-old children

Although no statistically significant differences were found, the result might suggest that the
improvements in SRTs (ranges 1 to 2.5 dB) would significantly affect the clinical findings to a

certain degree.

6.1.4 Effects of F0 on the speech recognition thresholds

To assess the effects of tonal patterns (FO) of syllables on an older listener’s SRT, the mean SRT's
were separately calculated for each subtest of AAST and then compared across the subtests (AAST-
al, a2, a3, a4, and aTP). Figures 23-24 and Appendix E show an overview of the SRT values for
older adults. The values are plotted across two conditions, SRTs in quiet (figure 23) and SRTs in
noise (figure 24). In general, the figures illustrate two noticeable results. First, aside from the mean
SRT of a3, the mean SRTs of the remaining speech materials were relatively equal in both testing
conditions. Second, the SRT in a4 seemed to be somewhat better than those in the other subtests

under both quiet and noisy conditions.
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The SRTs in quiet condition

As mentioned earlier, the mean SRTs for the three subtests, aTP, al, a2, and a3, were quite
stable with a negligible difference of less than 0.5 dB SPL. For the subtest A4, the mean SRT of
a4 appears somewhat better (1.5 dB SPL). However, no significant difference was found in the one-
way ANOVA, F (4, 184) =0.93, p=0.45. Again, posthoc analysis (Tukey’s HSD) was conducted
to determine whether there was a difference between the pairs of speech test. The result also

indicated no significance across the subtests of AAST, with the p-value ranging from 0.47 to 0.99.
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Figure 23: Speech recognition threshold values in quiet condition across the speech materials of AAST for
older listeners (N=80), al and a2 bearing high-level and high-rising tones, respectively; a3 bearing low and low-
falling tones; a4 and aTP bearing a high and a low tone respectively

The SRTs in noise condition

In contrast to the SRTs obtained in quiet, those obtained in noise were more variable. In
particular, while the mean SRTs in al, a2, a4, and aTP varied minimally from one another (less
than 1.0 dB SNR), the mean SRT in a3 was significantly higher (4 dB SNR). There was a main
effect of the speech material F (4, 175) =9.63, p<0.001. To determine whether there were any
significant differences between pairs of speech tests, post-hoc analyses (Tukey’s HSD) were
conducted. The analyses revealed a significant difference between a3 and each of the other
subtests (»<0.001). There was no statistically significant difference between the pairs of al, a2,
a4, and aTP (p>0.5).
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Figure 24: Speech recognition threshold values in noise condition across the speech materials of AAST, al
and a2 bearing high-level and high-rising tones respectively; a 3 bearing low and low-falling tones; a4 and aTP
bearing a high and a low tone respectively

Based on the results of SRTS, it can be summarized that there are no noticeable effects of tonal
patterns on older adult’s speech perception in a quiet condition. The average SRTs of the speech
materials that bear only high pitch levels (al, a2) are more or less equal to the average SRT's of those
which carry a low pitch (a3), and a low-high pitch (a4 and aTP). Interestingly, in a noisy condition,
the values for speech materials carrying low pitch levels and falling contours (for a3) differed
significantly from the values of other subtests or speech materials (a-TP, al, a2, and a3). These
results suggest that the fundamental frequency of the tones (F0) do not influence speech recognition
in a quiet condition. However, it may affect the SRT's if noise intervenes, especially when the two-

syllable noun phrases used as stimuli in the speech tests have low and falling tones.

6.1.5 Response matrix and error analyses on AAST-a2

To examine whether each speech stimulus in AAST-a2 is balanced in word recognition, the
proportion of word misidentification was analyzed. Table 10 and Figure 25 give an error matrix for
six speech stimuli. In table 10, rows represent participants’ responses and the columns represent the
six speech stimuli. As it can be seen from the table and the figure, the stimuli vién thube and song lon
were confused more than the other speech stimuli, corresponding to 7.5% and 7.7% wrong choice

respectively. The word sdng [on was misperceived as phdo bing 24/977 times, and as midit kink 23/977
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times, while vién thuoc was misperceived as #ii xach 22/1024 times. In addition, the two wotds, sding
160 and vién thuoe, were responded with a question mark “?” by the majority. The participants were

either unsure about the correct choice or did not hear the stimulus at all.

The most confusing disyllabic noun phrase for the youngest of children (four-year-olds) seemed to
be sing lon (see Appendix F1). Along with vién thude, these two words also sounded confusing to the
older listeners. These accounted for roughly 10 percent errors (see Appendix F3). In addition, most
of the older listeners chose the “?” when these two speech stimuli were presented (roughly 40%
responses). This suggested that the older listeners faced challenges in identifying fricative sounds, in

patticular /s/ and /v/ in these words.

Taken together, the proportion of errors was minimal and slightly different among the six speech
stimuli. This reflected a balance between the responses and the actual stimuli. Overall, all words were

well identified.

Table 10: Word confusion matrix for the groups of native listeners, N=6000 stimuli

Answer A B C D E F ?to 2 to CoR WroC

Stimulus (%) (%) (*0)
A 766 20 7 10 22 3 178 177 761 6.2
B 16 767 22 11 12 13 194 187 741 7.1
C 5 18 769 0 7 9 168 172 788 4.0
D 13 13 13 720 10 6 207 211 733 5.6
E 2219 12 14 6% 10 253 247 678 7.5
F 6 12 24 23 10 681 221 226 697 7.7

The six speech stimuli included #i xdch, “bag” (A), trii d‘d’z‘, “earth” (B), phdo bing, “fireworks”
(C), mat kinh, “glasses” (D), vién thuoe, “pill” (E), and sdng lon “big wave” (F). Abbtreviations:
CoR (Cotrect response), WroC (Wrong choice)
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Figure 25: The proportion of errors among the speech stimuli for the native listeners

Together, these results provide important insights. Firstly, the normative values in AAST-a2 show
interdependence between the listener’s age and the SRT. For instance, the young children performed
significantly worse (roughly 8 dB SPL, 5 dB SNR) than the adults with respect to speech threshold.
Similarly, the older listeners (over 65 years) obtained significantly worse speech thresholds (roughly
11 dB SPL and 8 dB SNR) than the adults. Secondly, a 1-2dB difference among the test trials
revealed that the learning effect still existed but was negligible on the AAST in Vietnamese. Thirdly,
as expected, the non-native listeners showed significant deficiencies in SRTs and a considerable delay
in word processing when the speech stimuli were presented in an unfamiliar dialect. The SRT's of the
non-native listeners were mostly larger than 2.5 dB (quiet and noise), and showed a delay of 40 to
150 ms in auditory processing compared with the native listener groups. Finally, it was assumed that
the subtests of AAST carrying high-rising contours would have poor mean SRTs than those bearing
low-falling and high-level tones. However, the findings showed no apparent evidence to prove that

the tones with high pitch levels had an impact on the speech recognition of older listeners.

This section has presented the findings using the speech material AAST. The next part of this

section will show the results using the speech material NAMES.
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6.2 Results of the speech test NAMES

6.2.1 Normative values

Overall recognition phoneme scores

In all, 134 participants took part in this experiment. They were divided into six age groups, as
mentioned before. The children were not included in the study. To determine the normative values

for every age group, the PRS was averaged and compared across the age groups.

Table 11 shows an overview of the results of the statistical analyses for these age groups. In general,
the mean PRS was quite stable and similar across the groups, except for a group of 76—85-year-olds.
First, the 15- to 20-year-olds achieved slightly poorer PRS (1%) than the 21- to 30-year-olds and the
31- to 40-year-olds. ANOVA revealed a nearly-significant difference among these groups, with F (2,
137) =2.64, and p=0.07. Second, in the age groups between 55 and 85 years, descriptive statistics
showed a descending order in the PRSs associated with the listener’s age. The 55-65-year-olds
scored better than the two others: around 1 percent correct phonemes compared with the 66—75-
year-olds, and roughly 3 percent compared with the 76-85-year-olds. The ANOVA showed
statistically significant differences among these groups, F (2, 124) =8.76, p<0.001. For further
analysis, a post-hoc test was also conducted to determine which pair was more significant than the

other. The result revealed a significant difference between the 66—75 and the 76-85 groups, p<0.001.

As mentioned earlier, the mean PRSs were stable and balanced across groups, barring the 76—85-year
group that scored 94.5 percent correct phonemes, three percent lower than the 21-30-year group.
So, why was there a slight dissimilarity in the average PRS among the age groups, barring the 76—85-
year group? This question is easy to interpret. All the speech stimuli of NAMES were presented in a
comfortable intensity level of 80 dB SPL under a quiet condition. Most of the older listeners—even
those with mild hearing loss at 40 dB HL (duo-tone)—could identify nearly 98 percent phonemes
correctly. Hence, the result suggests that the age factor does not affect NAMES’s PRSs among
listeners aged between 55 and 75 years. The aging factor appeared to affect more the PRSs of

listeners aged over 75 years.
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Table 11: Descriptive statistical values of the Southern listeners, N=268

Age group N Mean SD Median Min SE
15 to 20 44 96.7 1.98 97 93 0.30
21 to 30 50 97.5 1.69 98 93 0.24
31 to 40 46 97.4 2.15 98 92 0.32
55 to 65 48 96.8 1.95 97 91 0.28
66 to 75 46 96.0 2.21 96 89 0.37
76 to 85 34 94.5 4.0 95 87 0.69

In connection with the word perception scores, the participants aged below 40 years scored better—
ranging between 13 and 20 words, with an average of 17.5. The participants aged more than 55 years
scored slightly poorer, with 16 correct words for the 66—75-year-olds, and 15 correct words for the

76—-85-year-olds, ranging between six and 20 correct words.

After looking at the results of statistical analysis, a brief look may be taken at the phoneme
perception errors in the two age groups. The tables in Appendix H give an overview of the error
rates for tonal and phoneme identifications. It suggests an absolute difference in the perception
errors between adults and older adults. First, with regard to phoneme recognition, the fricative sound
/h/ is the one most misidentified by the older listeners (35.7%), and to a lesser extent, the phoneme
/m/ (8.9%). The most misidentified stimulus by adults was the vowel /3/ (11.5%), and to a lesser
extent, the phoneme /o/ (9.3%). Second, with regard to tonal identification, the older adults
made fewer mistakes than the adults. The proportion of errors by the older adults was around
2.5% for tones A2, while the error rate for adults was roughly 3.7%. An additional analysis of

error rate will be done in detail in a later part of error analysis.

Average consonant scores based on phoneme categories

The score values can be averaged and compared based on the phoneme categories. The list of 11
consonant phonemes employed in the current research was grouped into five groups: voiced stops
/b, d/, unvoiced stops /t, k, t'/, lateral-nasal /m, 1, 1/, fricative /j-, h/, and semi-vowel /-j/. The
five included 11 voiced-stops, 20 unvoiced-stops, 15 lateral-nasals, 9 fricatives, and 5 semi-vowels in
each list of 20 speech stimuli. As a function of phoneme classes, the results showed a significant
difference in the listeners’ responses for both groups: the young and adult listeners F (4, 695)=8.91,
$<0.001, and the older listeners F (4, 630)=86.7, p<0.0001. In particular, the average scores

measured for the young and the adult listeners were relatively high, and close to a small range of
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97.8% and 100% correct responses across phoneme classes. In contrast, the scores of the older
listeners had a wider range—between 83.5% and 99% correct responses. Of these, the scores of the
fricative sound were significantly lower compared with the other phoneme classes, corresponding to
83.5%. The remaining phoneme classes had exactly equal scores and were almost perfectly
distinguished. The deterioration in the fricative’s scores compared with the others implies that the
decline in phoneme scores was associated with high-frequency hearing loss by the older listeners

(Gelfand et al., 1986; Maniwa et al., 2008).

Confusion pattern of phoneme recognition

To find out the phonemes that are more confusable, data from 135 native listeners were studied in
detail. The following tables give an overview of the response matrix and the proportion of errors that
rely on each phoneme position in the syllable structure (C,V,-C,V,C;), including the elements of
onsets, nuclei, and codas, along with the three lexical tones of high level (A1), low falling (A2), and

high rising (B1).

The results show that the spread in inaccuracy is considerable for the consonant phonemes with a
wider range of proportion of errors between 0.4% and 18%. The error for vowel phonemes is small
with a range of error between 0.8% and 7.9%. This means that the listeners identified the vowel
more accurately than the consonant. This was in accordance with the previous studies (Meyer et al.,
2010 and 2013; Cooke et al., 2010), which found that the accuracy of the identification of vowel

phonemes was significantly higher than that of consonant phonemes.

In relation to onset identification, table 12 displays the response matrix and error rates for the initial
phonemes, which were added up from positions C; and C,: 190/1080 tokens were misidentified
(18%). The phonemes /m/ (37/810 times) and /k/ (45/1080 times), corresponding to 4.6% and
4.2% respectively, were misidentified to a lesser extent. The fricative onset /h/ was mistaken the
most frequently. This could be attributed to hearing loss on fricative sounds among the older
listeners. Instead of responding to the fricative /h/, the older adults tended to replace this with
another fricative /y/, or a plosive /t'/. In contrast, the youth and the adults did not show such

misidentification pattern. An extra analysis of phoneme errors can be seen in Appendix H.
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Table 12: The response matrix and proportion of errors for the onset by the native listeners

Response Wrong /k/ /d/ /¢/ /1) /v/ /m/ /h/ /b/ /t'/ Number % ertor

/k/ 45 1035 0 0 0 0 0 0 0 0 45/1080 4.2
/d/ 52 0 1823 2 0 0 0 0 12 1 67/1890 3.5
/t/ 11 3 0 795 0 1 0 0 0 0 15/810 1.9
/1/ 6 0 0 0 1344 0 0 0 0 0 6/1350 0.4
/v/ 21 0 0 0 0 1329 0 0 0 0 21/1350 1.6
/m/ 30 1 0 0 0 0 773 0 6 0 37/810 4.6
/h/ 179 1 0 0 0 0 0 886 0 14 194/1080 18.0
/b/ 10 0 2 0 0 0 2 0 1066 0O 14/1080 1.3
/t'/ 16 0 0 0 0 0 0 1 0 1333 17/1350 1.3

With respect to vowel identification, table 13 shows the response matrix and the proportion of errors
made by the native listeners. The response matrix was aggregated from the vowel phonemes V, and
V,. The raw result shows that two nuclei /o/ and / 3/ are more confusable than the others. The
phoneme /3/ has the largest proportion of errors of 107/1350 times (7.9 %), and to a lesser extent,
the phoneme /o/, with 105/1620 times (6.5%). These kinds of misidentifications resulted from the
acoustic similarity between two rounded vowels /o/ and /9/, and between short vowels /3/ and
/4/, ot /3/ and /w/. In the same vein, the native listeners perceptually confused the front vowel /i/
for the front vowel /e/. Due to the resemblance of acoustic properties, the listeners could not
distinguish well between these vowels. This was especially noticed in the participants aged between

15 and 40. The older listeners distinguished between these relatively better.

Table 13: The response matrix and proportion of errors for vowel phonemes

Response Wrong /a/ Jo/ /Jd/ [Ji/ /3/ /4i/ Number error

/a/ 24 2946 0 0 0 0 0 24/2970 0.8
/o/ 10 0 1515 88 0 7 0 105/1620 6.5
/3/ 29 1 5 2115 0 9 1 45/2160 2.1
/i/ 37 0 0 0 1853 0 0 37/1890 2.0
/3/ 44 1 0 0 0 1243 62 107/1350 7.9
/a/ 11 0 0 0 0 3 796 14/810 1.7

The result of tonal identification is presented in Table 14. The tone A2 (low pitch level and falling
contour) was most commonly mistaken among the three lexical tones: 106/3500 tokens of A2 were

misidentified as B2, corresponding to 3.1% of the incorrect responses (B2 was not included in this
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experiment). This finding was in line with the findings of Va (1981), and Brunelle and Jannedy
(2013). The confusion between the tones B2 and A2 stemmed from the similar acoustic features—
both are low-falling tones in the SVN. Based on the observation in this study, in the case of open
syllables, for example, /4, bi, thi, and di, the listeners produced either the tone A2 or Bl. A lesser
extent of the error rates happened in tone B1, in which 72/3433 tokens were misidentified,
corresponding to 2.2% of the error rates. A surprising difference in the perception of tone A2 was
found between the adults and the older listeners. The latter made fewer mistakes than the younger
adults (see details in Appendix B). A possible explanation for this was that the older listeners paid

more attention to speech stimuli with low-falling tones.

Table 14: Error rates and response matrix for tonal identifications

Response Wrong Bl A2 Al Number % error
B1 72 3433 0 5 77/3510 2.2
A2 106 2 3401 1 109/3500 3.1
Al 30 0 2 3748 32/3780 0.8

For the coda identification (table 15), the nasal /-m/ was the most common etror among the five
codas, in which 35/540 tokens of /-m/ were replaced by another nasal /-n/. However, the coda /-n/
was not included in this study. So, the exact number of responses in which /-m/ was misidentified as
/-n/ could not be calculated. To a lesser extent, 36/810 of the final stop /-t/ were identified by either
/-k/ ot /-t/. This was not surprising when the final stops /-t/ and /-k/ were not acoustically
distinguished in the SVN. Therefore, the Southern listeners were perceptually more confused when
they heard these sounds. Similarly, there was no distinction between the final nasal /-1/ and /-n/.
Thus, the phoneme /-g/ also had a high proportion of errors: 41/1350 tokens of /-y/ were

misrecognized, corresponding to 3.0% of incorrect responses.

Table 15: Error rates and response matrix for coda recognitions

Response Wrong /-k/ /-n/ /-j/ /-t/ /-m/ Number % error

/-k/ 7 1332 0 0 1 0 18/1350 1.3
/-n/ 41 0 1309 0 0 0 41/1350 3.0
/-i/ 7 0 0 1343 0 0 7/1350 0.5
/-t/ 5 31 0 0 774 0 36/810 4.4
/-m/ 34 0 1 0 0 505 35/540 6.5
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In short, the fricative /h/ (onset) and the nasal /-m/ (coda) were commonly misidentified among
the consonants while the nuclei phonemes /o/ and /3/ were frequently mistaken across the vowels.
For tonal identification, tone A2 was the most misidentified of the three tones. The older listeners
made different error patterns compared with the youths and the adults in terms of both phoneme
and tone identification. The following part of this section will show the comparison between adult

and older adults with respect to consonant scores by phoneme categories.

6.2.2 Effects of response modes

As it has been seen earlier, the PRSs in the verbal responses were relatively high—around 97
percent—for adults. To check whether there were any discrepancies between the two response
modes being used in the NAMES performances, 18 listeners were recruited for the study. 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%), 7 (72) =7.16, p<0.0001. Table 16 shows all

descriptive statistical values for this study.

Table 16: Descriptive statistical values of PRS for effects of test responses

Manner N Mean SD Median Min SE
Oral 36 95.7 2.3 96 89 0.45
Written 36 90.3 3.7 90 83 0.61

The data included 10 native listeners and eight non-native listeners of SVN. Because of this, the
average phoneme scores were not in line (1 percent lower) with normative values obtained from
youths and adults. An interesting result of the word score must be reported. The number of correct
words scored by the verbal response (articulation) was 16, and by the written response (phoneme-
grapheme correspondences), only 12. These results revealed that the written response was more risky

than the verbal response in the case of NAMES.
6.2.3 Effects of dialects on speech audiometry testing
Overall phoneme recognition scores

To investigate the significance of dialectal effects on phoneme scores of NAMES, two groups of
students, who were non-native listeners, took part in this research. The percentage of correct

phonemes of the non-native listener groups were averaged and compared with those achieved by the
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native listeners. Table 17 shows the statistical analyses for the two groups along with the results of

the native listeners.

Overall, the non-native listeners scored poorer (roughly 1.5%) than the native listeners on the PRS.
The two non-native listener groups scored the same—about 96 percent correct phonemes. The
ANOVA showed a statistically significant difference relevant to speech threshold among the dialect
groups, I (2, 143)=12.53, p<0.001 though the difference of 1.5% was negligible. The result suggested

a weak effect of dialect on the listeners’ phoneme scores.

Table 17: Descriptive statistical values for the three listener groups

Group n Mean SD Median Min SE
North 50 95.9 2.27 96 89 0.32
Central 42 95.8 2.28 96 90 0.35
South 54 97.6 1.73 98 93 0.24

With respect to the word scores, the number of correct words across the dialect groups was also
calculated. Similar to the phoneme level, the native listeners scored significantly better—roughly 18

correct words. The two groups of non-native listeners scored slightly lower—around 16 correct words.

Confusion patterns of phoneme recognition

A comparison of the phoneme errors between the non-native and native listeners revealed some
interesting points. As expected, the non-native listeners scored greater error rates in identifying
phonemes. The confusion patterns differed across the three dialect groups as well (see Appendix

I). The following is a description of phoneme confusion patterns relevant to the dialectal effect.

With respect to onsets, the non-native listeners made more mistakes in identifying the palatal onset
/j-/, which was roughly 10% incorrect responses. The native listeners made fewer mistakes in this
onset—around 1.6%. When the non-native listeners heard speech stimuli with the phoneme /j-/ in
SVN, they seemed to confused it with /v-/ or /z/ in their own dialect. They produced the /v-/, /z-
/ and /j-/ interchangeably. In contrast, most of the native SVN listeners produced either /v-/ or
/z-/ in standard Vietnamese for the palatal onset /j-/ (Vuong & Hoang, 1994). So, the native
listeners did not make such errors. Instead, they made more errors in the fricative voiceless /h/ for

the initial position.
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With respect to nuclei, the native listeners had higher error rates in identifying the short vowel /3/
(roughly 8.0%). The non-native listeners did not make such mistakes, but had larger error rates in
indentifying the phoneme /i/ instead. The Northern listeners made 11% errors while the Central
listeners made 7% errors. The errors in identifying the phoneme /3/ can be explained simply by
the linguistic behaviors of the native SVN speakers. They produce /3/ and /4/ somewhat similarly
in terms of acoustics when /3/ is followed by the nasal sounds /n and g/. As a result, some
(62/1350) misidentified /3/ as /4/ in terms of perception. In the case of the front vowel /i/, the
non-native speakers frequently perceived /i/ as /e/. This was probably due to the acoustic
resemblance of the vowel /i/ borne by the falling tone A2 without an ending sound. In this
context, this vowel was more confusable with /e/. This error was also found in the native

speaker’s response, but the proportion of error was minor.

With respect to codas, the non-native listeners were usually more confused between the two nasal
sounds /-1/ and /-n/ in their performance as compared with the native listeners: 19% incorrect
responses for the Northern listeners, 27.6% for the Central listeners, and about 3.0% for the
Southern listeners. As mentioned in the section on literature, the SVN speech does not distinguish
well between the coda alveolar /-n/ and the coda velar /-1/, which the NVN and the CVN do.
Although an ending sound /-n/ was not included in the speech test, the non-native listeners would
remind themselves that the ending sound /-g/ in the SVN might be either /-n/ or /-y/ in their
response. This caused more confused for them. The non-native listeners made a large number of
error on the phoneme /q/, while the native listeners made a mistake on the alveolar /-t/ and the

bilabial /-m/. This kind of misidentification has been elucidated in the preceding part.

With respect to tone identifications, all three groups of listeners seemed to find it difficult to identify
the low-falling tone A2, whereas they easily recognized Al and B1. The non-native listeners made
equal mistakes in recognizing A2 (roughly 6%) while the native listeners gave 3% incorrect

responses. The reasons for tonal confusion will be explained in the coming part.

Lastly but surprisingly, both the native and non-native listeners showed the same phonemic
confusion patterns, as they were less accurate in the identification of the nasal /m/ and replaced it

with the nasal /n/ as a cotresponding response.
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6.2.4 Effects of F0O on supra-threshold phoneme recognition scores

Disyllabic structures were used, as the speech stimuli carried the three tones of ngang (A1), sde (B1),
and /yzgyén (A2). As interpreted earlier, the tones Al and B1 represented high pitch level in contrast to
A2, which represented low pitch level with a falling contour. In our experimental design, each tone
was associated with a certain vowel (vowel-plus-tone). Because of this, the PRSs were aggregated
from the identification scores of both vowels and tones. The PRSs have been counted, compared

and illustrated in Table 18 for the groups of older listeners.

Table 18: Descriptive statistical values of PRS in tonal identification task

Stimuli N Mean SD Median Min SE
VA1 127 98.5 3.6 98 86 0.32
VA2 127 97.6 4.1 97 85 0.36
VB1 127 96.8 5.2 96 77 0.46

VAT1: vowel and tone ngang, VA2: vowel and bzgyéﬂ , VB1: vowel and sdc

As shown in Table 18, the older listeners obtained fewer correct responses when they listened to the
stimuli carrying tone B1 (96.8%). They scored somewhat better on the stimuli VA2 (97.6%) and VA1
(98.5%) than on VB1. To examine whether this difference was significant, a one-way ANOVA was
carried out. The result showed that the effect of tone on phoneme scores was significant, I (2,
376)=4.9, p<0.005. Post-hoc analyses (Tukey’s HSD) revealed a significant difference between
VAT and VB1 with p<0.005. There was no significant difference between VA1l and VA2, and
between VA2 and VBI.

A detailed look at the perception errors shows that for the stimulus VA1, 27/1778 tokens were
misidentified, whereas for VB1 and VA2, respectively 53/1651 and 40/1651 tokens were
misidentified. These misidentifications arose from incorrect choices in either tones or vowels. For
the stimuli VA1, the older listeners could not discriminate reliably between two short vowels /4/
and /3/. The tone Al was well recognized with small error rates of 0.8%. For the stimuli VA2, the
listeners predominantly misperceived the tone A2. In the adult groups, the older listeners
frequently misidentified the tone A2 as tone B2 (tone ndng, “creaky falling”), corresponding to
2.5% of the incorrect responses. This was probably due to the very similar acoustic features of the
two tones (Vu, 1984; Brunelle & Jannedy, 2013). With regard to the stimuli VB1, the listeners
made mistakes predominantly on vowels rather than on tone. Particularly, they got confused

between /o/ and /9/, and /4/ and /3/. Their tonal errors amounted to 2.5%.
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More importantly, a comparison between the groups showed relevant results concerning the age
of participants and their vowel-plus-tone identification. The 55—66-year and 66—75-year groups
scored relatively higher on phonemes (almost 97.5%), whereas the 76-85-year group scored
slightly lower, especially in recognizing stimuli carrying the tone B1 (94.5%). This suggests that
the degradation of tone-identification scores in the stimuli VB1 might stem from age-related

hearing loss, particular for those above 75.

In summary, this part began by describing the norm values for the NAMES test. The results showed
a slight discrepancy in PRSs among the age groups within the native listeners (except for phoneme
scores obtained by the 76—85-year group). From these findings, the research suggested that the PRSs
correlated significantly with the listeners above 75. With respect to the response modes, the
phoneme scores were various (roughly 6%) between the verbal and written responses. The listeners
obtained significantly higher phoneme scores in the verbal method than in the written method.
About the effects of dialects, the native listeners scored somewhat better PRSs than the non-native
listeners. Although the disparity was statistically significant, the distance was negligible (around
1.5%). With regard to the tonal effect, the older listeners achieved slightly poorer PRSs when the
stimuli carried the high-rising tone B1. They scored better on identifying the remaining tones.
However, these differences might be negligible. Due to a lack of persuasive evidence, it is still unclear
whether the high pitch level of the tone influences the phoneme recognition of older listeners.
Besides tonal identification, the older listeners were more confused when they had to identify the

voiceless glottal fricative /h/, a high-frequency phoneme.

The following part of this section will mention the relationship between SRTs and PRSs and duo-

tone thresholds.

6.3 Correlation between speech audiometry materials and duo-tone audiometry

6.3.1 The correlation between SRTs and duo-tone thresholds

Scatterplots of SRT's versus duo-tone thresholds taken together is presented in figure 26. The two
left panels in the figure illustrate the correlation between the SRTs and the duo-tone thresholds at 0.5
kHz. The middle ones describe the associations at 4 kHz, and the right ones show the relation
between SRT versus the lowest (best threshold) duo-tone thresholds of 0.5 and 4 kHz. Due to
ceiling effects, the maximum duo-tone thresholds of 4 kHz (mostly by older listeners) were excluded
from this analysis. The distributions of individual SRT values and duo-tone thresholds are presented

in Appendix J.
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The figure shows some interesting generalizations. First, the SRTs are found to be significantly
correlated with duo-tone thresholds. As the duo-tone threshold increases, there is a corresponding
increase in the SRTs. Second, the SRTs of AAST are somewhat strongly associated with the duo-
tone threshold in quiet (r values ranged from 65 to 72), and conversely, weakly correlated in noise (»
valued from 0.55 to 0.59). Third, since the distribution of SRTs and duo-tone thresholds at 0.5 kHz
was close to that of the SRTs and the lowest duo-tone thresholds (0.5, 4kHz) but differed from that
of the SRTs and duo-tone threshold (4 kHz) in quiet, it can be stated that the listeners leaned
towards the duo-tone of 0.5 kHz as the best frequency level for recognizing the speech stimuli of

AAST in quiet.

Next, figure 26 also indicates that several older listeners had poorer duo-tone thresholds. But they
could obtain better SRTs (especially in noise). In contrast, some others had good duo-tone
thresholds but achieved worse speech thresholds. Apparently, there were two different kinds of
hearing losses in noise for the native listeners: sensorineural and conductive hearing loss. These types
of hearing losses can be found in detail in the correlation between the speech thresholds in quiet and

the speech thresholds in noise (see figure 26 and Appendix J3).

Lastly, the duo-tone threshold at 0.5 kHz can predict SRTs better than the duo-tone threshold of 4
kHz in quiet. Correlation coefficients of duo-tone thresholds and speech thresholds in quiet ranged
from 0.33 (4 kHz) to 0.50 (0.5 kHz) for native listeners. In contrast, the correlation coefficients were

low in noise, ranging from 0.2 (4 kHz) to 0.27 (0.5 kHz).
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6.3.2 Correlation between SRTs (AAST-a2) and PRSs (NAMES)

Figure 27 displays the relationship between the PRSs and the SRTs (quiet and noise). There are
significant negative correlations between the two. As speech thresholds decrease, the phoneme
scores increase. However, these correlations seem to be too weak. The r-values are identical
(r=-0.28). Statistical analyses showed statistical significance for this correlation, although weak

(p<0.001).

An interesting thing about the figure must be mentioned. Some participants, who were considered to
have 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.
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Figure 27: Correlations between the SRTs and PRSs, N=247. Points in the triangle are considered as
outliers, which were left out of the analysis

6.3.3 Correlation between PRS (NAMES) and duo-tone thresholds

Figure 28 shows the relationship between the PRS and the duo-tone threshold of two different
frequencies. The top panel of the figure illustrates the correlation between the PRS and the duo-tone
threshold 0.5 kHz. The middle one describes the relationship at duo-tone threshold 4.0 kHz, and the
last one shows the relation between PRS and the best duo-tone threshold (lowest threshold) of 0.5

and 4 kHz.

Unlike the strong correlation between the SRTs and the duo-tone thresholds, the correlations
between the PRS and the duo-tone thresholds are so weak (as seen in the figure) that it seems that

there is no correlation. Pearson’s correlation coefficients reveal r values ranging between -0.1 and -

97



RESULTS

0.2. The correlations between them can apparently be seen at duo-tone threshold larger than 30 dB

HL. In such cases, the listeners could only reach phoneme correctness close to 95 percent.

The correlation between the PRSs and duo-tone thresholds showed similar results. Some participants,
who were considered to have moderate or mild hearing loss based on their duo-tone thresholds, seemed
to have normal hearing based on their PRS. Due to the simplicity of the NAMES speech stimuli, the PRS
could not be predicted through the duo-tone threshold.
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Figure 28: The correlations between PRS and the duo-tone threshold, N=87, corresponding to
159 observations

In summary, the above results show a strong relationship between SRTs (a2) and duo-tone
thresholds, but very weak or weak associations between SRTs and PRSs, and between PRSs and

duo-tone thresholds. Based on the findings, the research suggests that the PRSs in NAMES cannot
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predict both the SRTs and duo-tone thresholds, whereas the SRTs of a2 can be used as an

interpreter for duo-tone threshold or vice versa.
6.4 Summary of the results

This section has provided the main findings with regard to the normative values, and their dialectal
and tonal effects on speech recognition by using two different speech materials: AASTs and
NAMES. In terms of normative values, the findings suggested dependence between aging and the
speech threshold values in the speech material of AAST. The greater the listener’s age the greater
their SRT. In contrast, there is no explicit association between aging and PRS in NAMES. All the age
groups, except the 76—85-year one, scored the highest on phonemes. This indicated that a possible
age effect exists only in the oldest listeners aged between 76 and 85. In terms of dialectal effect, the
result showed significant impairment in a non-native listener’s SRTs. In contrast to AAST, in
NAMES, the PRSs of the native and non-native listeners were close, with only a small variation
(1.5%). These results indicated that dialect affects the hearing threshold in AASTSs greatly but
influences the supra-threshold PRSs in NAMES only slightly. With respect to the effects of the
fundamental frequency of tones, SRT values among the subtests of AASTs (except a3 in noise) were
relatively equal. In the case of a3 subtest, the SRTs were degraded due to the masking of noise. The
tone-plus-vowel identification showed a slight reduction in PRS when the speech stimuli carried the
high-rising tone B1. Comparing the two results, it can be said that the fundamental frequency of
tones in the SVN might have a negligible influence on the older listeners’ speech perception,
especially those above 75 years. In relation to learning effects, a minor elevation was seen in the

speech thresholds when the test trials were compared.

With respect to the association between the two speech audiometry materials and the duo-tone
audiometry, there is a moderate relationship between SRTs (AAST-a2) and duo-tone thresholds in
both quiet and noisy conditions. Particularly, the correlation in quiet is somewhat higher than that in
noise. In contrast, there is either a weak or no correlation between SRTs and PRSs, and between
PRSs and duo-tone thresholds. Lastly, but very interestingly, the observations revealed that both
native and non-native listeners tended to shift their perceptions to some degree to the speech cues
that were consistent with the speaker’s accent. In contrast, the listeners ignored those speech cues
that were inconsistent with their own dialect for both AAST and NAMES. These findings suggest
that the listener either considered the speech cue as a benchmark for his/her responses or rejected it.

Another interesting observation is that the listener sometimes responded to the speech stimuli by
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replacing homonyms that occurred in their own language, especially, to the oldest listeners. This can be
clucidated by two kinds of processing—top-down and bottom-up—in speech recognition.
Comprehensions and perceptions of speech depend on top-down cognitive and bottom-up auditory
processing (Goldstein, 2009) in a complementary approach. When incoming signal relating to bottom-
up auditory processing is impoverished, top-down processing may compensate for it insofar as it is
based on the linguistic context of a wanted message that enables the listener to decode the degraded

incoming information (Craik, 2007).
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7. DISCUSSION

7.1 Normative speech threshold values in Vietnamese AAST

The first question in this study sought to determine whether there is an age-related norm value on
Vietnamese AAST similar to other languages. As predicted, the results of this study indicate that the
SRTs depend on the listener’s age, especially in younger children and older adults. Therefore, the two

following hypotheses can be accepted:

Hila. The norm values depend on the listeners’ age, with children and older adults performing significantly poorer in

speech threshold values than adults and

H1b. The age-related norm values in 1 ietnamese are analogous to those in other languages

Indeed, the four-year-old children obtained significantly poorer (6 dB) scores on speech threshold
than the eight-year-olds. Compared with the adults, the four-year-olds scored considerably poorer (8
dB) speech threshold values. The older listeners (55—65 years) also performed progressively poorer
on speech threshold (6 dB) than the adult listeners. The two remaining older listener groups scored
poorly on the speech threshold with a difference of 11 dB with the adults. These findings are in line
with the results of previous works conducted by Coninx (2005, 2008) in German, and by Offei
(2013) in Ghanaian (see Figure 29 for detailed comparisons across languages regarding age-related
normative values in AAST). Coninx measured SRTs for 417 German children aged between six and
12 years in NRW (Nordrhein-Westfalen). The results revealed significantly higher SRT's for the four-
year-olds (10 dB) than for the 11-year-olds. Similarly, Offei conducted his research on 581 Ghanaian
children aged between four and 10. He also found a difference of 7 dB between the younger and the
older children. Nevertheless, the previous studies did not investigate the SRTs in AAST for older
listeners. Thus, the extent to which their speech threshold differs from that of adults was still not
clear. However, the present findings seem to be consistent with Divenyi’s work (2005), which found

that the speech threshold elevation of older listeners corresponded to 6.32 dB/decade due to aging.
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Figure 29: Age-related norm values in AAST across languages: German, Ghanaian, Polish (adapted from
Coninx, 2016) compared with those in Vietnamese
In the current result, the 66—75-year and 76—85-year groups scored poorly on SRT (5 dB) than the
55—65-year group. The deterioration in speech perception by the older adults might be ascribed to
presbycusis or cognitive changes relating to age processing (Gelfand & Piper, 1987; Fortunato et al.,
2016; Mukari et al., 2015; Pichora-Fuller, 2003 & 2008). For younger children, the poorest speech
recognition stems from a lack of concentration or short attention spans during the test performance

(Coninx, 2005).

By comparing the norm values of AAST in German, the average speech threshold in Vietnamese was still
higher (2 dB SPL) than those in German and Ghanaian. This difference has also been attributed to the
high background noise level in Vietnam in which level of background noise ranges from 38 to 48 dBA.

7.2 Learning effects on AAST

It was hypothesized that learning effects are (almost) non-existent in AAST. This research showed
negligible differences in SRT values of AAST-a2 across the tests and retests in noisy and quiet
conditions. The SRT improved by 2.5 dB SPL (quiet) and by 1 dB SNR (in noise) from the first trial
to the second. The difference between the first trial and the third was 2 dB SNR (in noise). However,
there was no difference in quiet. These differences had no statistical significance either. The slight

improvement in the listener’s SRT's observed after the first test trial may have been due to adaptation
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to the speech stimuli or the test procedures, or an improved attention level, or all of these. Hence,

hypothesis H2 can partially be accepted:

Learning effects are non-existent in the Vietnamese AAST due to similar speech threshold results across the

three test trials.

This finding is comparable to that of a study conducted by Mohammed (2007), which was slightly
different from Offei’s work (2013). Mohammed investigated the learning effect on Arabic AAST on
10 children (5-7 years) who spoke Arabic. When the test was performed thrice with the children, he
found minor differences in SRTs in both listening conditions. Somewhat differently, Offei examined
the learning effect on Ghanaian AAST for two groups of Ghanaian listeners: children and adults. He
found that sometimes the learning effects existed and sometimes they did not. Offei concluded that

the learning effect was minor and clinically acceptable.

A significant difference in SRT that sometimes occurred in Offei’s research disappeared in
Mohammed’s work and the current study. This could be due to the sample sizes of listeners tested
across the studies. Offei’s work included hundreds of listeners, including two groups of children
and a group of young adults. The current study tested only 11 children while Mohammed’s study
tested 10 children.

The current study’s findings are comparable to those of the aforementioned works. This means the
learning effect, in general, appeared between the first and second measurements, but not between the
second and third ones. At most, there was a minimal clinically difference. This finding implied that it
is better if children are allowed to run a training test to familiarize the speech stimuli or test

procedure before starting actual measurements.

7.3 Tonal effects on perception of speech in AAST and NAMES

The result raises the question whether the fundamental frequency (FO) of syllables affects SRTs and
PRSs of the older listeners. The SRT and PRSs were measured by using AAST and NAMES for 86
listeners aged between 55 and 85. The speech materials were designed using tonal contrasts in height
and contour: high, high-rising, low, and low-falling. The main findings were as follows: Firstly, no
significant differences were found among the SRTs across AASTs (except a3’s SRT in noise
condition). Secondly, a minor difference was found for the PRSs among three lexical tones. In
particular, the listeners were less accurate in identifying tones A2 and Bl but more precise in

identifying tone Al. Thirdly, the listeners performed significantly worse in SRTs when they listened
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to the speech stimuli that carried low or low-falling tones and when these stimuli were presented
with a masking noise. In a nutshell, the results were unexpected and suggested that the fundamental
frequency of lexical tones might have a small effect on the speech recognition ability of older adults.
The low-falling and high-rising tones appeared perceptually difficult, especially for listeners above 75.
Hence, the hypothesis H3 can be accepted partially:

Tonal patterns (FO) in terms of lexical tones in 1 ietnamese have an effect on the speech recognition of older native

listeners with high-frequency hearing loss.

The results correspond to those of previous research on tonal languages, e.g., Vietnamese (Va, 1981;
Brunelle, 2009; Kirby, 2009; Brunelle & Jannedy, 2013), Cantonese (Varley & So, 1995), Mandarin
(Yang et al., 2015; Liu & Samuel, 2004), and Thai (Kasisopa et al., 2015), which found that tones
with low pitch levels or falling contours were more confusing for older listeners, whereas the tones
with a high pitch level were identified more accurately. However, there was a contrast when it came
to the rising tone. The studies by Yang et al. (2015), and Liu and Samuel (2004) on Mandarin tones
found that the high-rising tone (Tone 2) had the highest mean score and was less confused than the
low-dipping (Tone 3), and high-falling (Tone 4) tones. In contrast, the high-rising tone (B1) in
Vietnamese had somewhat lower mean score as compared with the two remaining tones (Al, A2).
This contrast may be due to the listeners’ age. The previous results examined the tone identification
of the older listeners aged between 50 and 70, while this research tested those aged between 55 and
85. As a function of age, a greater deterioration in an individual’s speech recognition could be
expected among listeners aged above 75 (Willot, 1991; Studebaker et al., 1997) than those aged
between 65 and 75 (Sherbecoe & Studebaker, 2003).

The confusions between tones A2 and B2 have been examined intensively in previous studies (V1,
1981; Brunelle, 2009; Kirby, 2009; Brunelle & Jannedy, 2013). All the authors cited the same reason
for such confusion: probably due to acoustic similarities between the two tones (starting relatively
low and falling smoothly until the endpoints in their FO contours). As a result, the speech stimuli
with tone A2 were often perceptually misidentified as tone B2 in the stimuli of the NAMES test. It
has to be noted that such confusion occurred not only for older listeners but also for the younger
ones. Similarly, in the speech material of a3 (the stimuli carried tones A2, B2, and C—dipping), these
tones caused considerable deterioration in speech thresholds of older listeners, especially in noise. As
it is known, the information on phoneme and tone is important to distinguish and recognize the

lexical meaning of words in tonal languages. When the speech stimuli were presented with a masking
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noise, the speech signals and the maskers overlapped regarding spectrum and temporality (Stickney
et al., 2004). As a result of the combination of acoustic similarities, overlapping of the maskers, and
speech signals, the listeners’ speech recognition for a3 stimuli showed a severe decline with a

difference of 4dB (SNR) as compared with other stimuli.

As it has been reported above, the primary features of Vietnamese lexical tones lie in fundamental
frequency (FO), their harmonics, and duration. According to Pham (2003), and Brunelle (2003), the
IO and the harmonics in Vietnamese tones are located in the low-frequency range, between 50 and
500 Hz, regardless of dialects. This is likely to be the reason for the older listeners to have a good
ability in the low-frequency area, which was sufficient for them to recognize the FO values from the
speech tests. The findings of the current study do not support the hypothesis that the older listeners
who are considered to have high-frequency hearing loss have poorer speech recognition in high-
rising tones than in low-falling tones, regardless of the speech materials. The degradation in
phoneme scores in relation to high-rising tones by the older listeners (75-85 years) might have been
caused by hearing impairment or cognitive ability reduction relating to their age processing, but was

not apparently linked to high-frequency hearing loss.

This study examined only the tone identification for normal-hearing older listeners. Future work
may focus on other populations, in particular, older listeners with mild, moderate, and severe
hearing loss, to ascertain whether there are any differences between these groups and the group

of normal-hearing listeners.

7.4 Normative phoneme scores in Viethamese NAMES

The fourth objective of this study was to validate the use of nonsense consonant-vowel-
consonant-vowel-consonant  (C,V,C,V,C;) syllables to measure a listener’s phoneme
identification ability. The research also sought to determine whether there was a dependency in
terms of age and norm values similar to other languages. The result of the current study shows
that there was a slight deterioration relevant to the listener’s age in the NAMES test. Particularly,
the phoneme scores of the listeners under 65 years were somewhat equal—roughly 97% correct
responses. The phoneme scores of the remaining groups, especially the 76—85-year group, were
slightly poor—around 94.5% correct responses. A comparison of the standard deviations in
phoneme scores across the age groups show that inter-subject variability was larger for listeners
above 75 than those under 75. This indicates that the older listeners (76—85) seem to produce a

wider range of PRSs than the younger ones.
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Contrary to expectation, this study did not find any statistically significant differences among
listeners under 75. The significant difference was found only for the 76—85-year group as compared

with other groups. Hence, hypothesis Ha4 can be partially accepted:

The normative values depend on the listener’s age, with older adults performing significantly poorer regarding

phoneme scores than adults.

Hypothesis H4b can be completely accepted:

The age-related norm values for NAMES in Vietnamese are sinilar to those in other languages.

The results of the current study are consistent with those of Studebaker et al. (1997) and Billings et
al. (2015). These studies have used University Auditory Test Number 6 (NU-6) as speech stimuli.
Studebaker et al. (1997) investigated the association between speech performances and chronological
age. They conducted the study on 140 normal-hearing participants, who were native English listeners
aged between 20 and 90. Each participant heard the speech stimuli containing 50 monosyllabic
words. The result showed that the phoneme scores obtained by listeners over 80 years differed
significantly from those achieved by listeners aged below 80. From this finding, the authors
suggested that instead of aging, it was probably hearing loss that caused the poor performance by the
older adults (over 80 years). Similarly, Billings and her colleagues examined PRSs of three groups of
listeners: young normal-hearing (18 to 35 years), and normal-hearing older listeners (60 to 80 years).

The authors found a difference of 5% in phoneme scores between the young and older listeners.

However, the findings of the current study are not consistent with the results of Townsend and Bess
(1980). They examined the effect of age on word scores for two groups of listeners: a younger adult
group of 56 listeners (15 to 35 years) and an older adult group of 139 listeners (55 to 85 years). The
NU-6 word list was presented to the listeners. The result showed that both listener groups obtained
exactly the same word score, corresponding to 93% correct words. A possible explanation for the
discrepancy across the studies might stem from the distribution of age in each group. For example,
in the study by Townsend and Bess, all the listeners were grouped only into two age groups (15-35
years and 55-85 years) with a wider age range (20-30 years) within each. In Studebaker’s study and
the current research, the listeners were divided into small age groups with a narrower age range (10
years) within each. According to Bergman (1980), Willot (1991), and Studebaker et al. (1997),
speech recognition performances remain until the 60s and deteriorate at the 70s or later with a
small value. Hence, the age distribution of Townsend’s and Bess’s work might not have been an

optimal approach, especially for the group of older adults.

106



DISCUSSION

With respect to the normative phoneme score obtained by listeners under 40 years, the findings are
in line with those of Kuk et al. (2010). However, the findings are not consistent with those of
Mackersie, Boothroyd, and Minniear (2001). Kuk et al. found that the younger listeners scored highly
on phoneme identification, corresponding to 98% of correct responses when the speech material
was presented in a male voice and 97% when it was done in a female voice. Nine native listeners of
English, aged between 20 and 39 years, and with normal hearing took part in their study. A list of
115 CVCVC nonsense syllables was presented to each individual with a presentation level of 68 dB
SPL in quiet. The second experiment of this study was conducted on a group of older listeners with
hearing impairment. Thus, it was still unclear whether the older listeners with normal hearing could
obtain similar phoneme scores on the CVCVC nonsense syllables compared with younger listeners.
Mackersie, Boothroyd, and Minniear measured phoneme scores for 22 normal-hearing adults, who
were English listeners, by using the speech material of Computer-assisted Speech Perception
Assessment (CASPA) Test. The speech stimuli consisted of 20 lists of CVC words, with 10 words
per list. The result suggested that the phonemes score in the study were in the range of 58—74%

across 10-word lists with an average phoneme score correctness of 65 percent.

The higher performance reported by Kuk et al. and the current study, as compared with the
remaining studies, can be attributed to the presentation level: 68 dB (SPL) in Kuk’s work, 80 dB SPL
in the current study, and 50 dB SPL in the study of Mackersie and her colleagues. The second reason
for this discrepancy might be methodology. For example, the speech stimuli were delivered
monaurally in Mackersie and her colleagues’ work, binaurally in the current study. The methodology

of Kuk’s study is unclear.

7.5 Effects of dialects on speech perception in relation to AAST and NAMES

The aim of this study was to determine whether dialect had any significant influence on speech
perception by measuring SRTs on AAST and PRSs on NAMES in children, adults, and older adults.
The speech stimuli were presented in the SVN. As predicted by the results of SRTs and PRSs, the
non-native listeners obtained progressively poorer scores than the native listeners of SVN. In a
statistical sense, the results showed significant differences across listeners’ dialects in both speech
tests. For AAST, the variation of SRTs between the native and the non-native listeners was
extremely great, ranging between 2 dB and 6 dB (SPL) in quiet and between 1 dB and 5 dB (SNR) in
noise (except the speech thresholds for older listeners). In NAMES, the differences in PRSs between

the native and non-native listeners were negligible—roughly 2 percent of the correct responses.
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Hence, the following hypotheses can be accepted.

H5a. There are significant differences in the speech threshold values in AAST between the native and non-native

listeners of a dialect.
(The native listeners achieve better SKT values than the non-native listeners)

H5b. There are significant differences in phoneme recognition scores in NAMES' between the native and non-native

listeners of a dialect.

(The native listeners obtain better phoneme scores than the non-native listeners)

Regarding AAST, the findings on SRT do not support the previous research (Schneider, 1992;
Nissen et al., 2013). Nissen et al. examined the effects of dialects in a Mandarin speech test on 32
Mandarin listeners aged between 18 and 50 who lived in the US. Half of the participants spoke
Mainland Mandarin while the other half spoke Taiwan Mandarin. Speech material included 26 tri-
syllabic words in Mainland Mandarin and 28 tri-syllabic words in Taiwan Mandarin. The authors
found a less-than-2dB difference in mean thresholds between the native and non-native listeners.
Based on the finding, the authors interpreted that such difference might not affect the clinical
interpretation. In the same vein, Schneider investigated the effects of dialect on Spanish speech
material on 12 Spanish children aged between six and seven years. The stimuli were chosen from
three Spanish dialects. He found differences in SRTs ranging between 1.9 and 2.4 dB for speech
materials relevant to the different Spanish dialects. In terms of clinical findings, Schneider also
interpreted that the difference in SRTs among material dialects ranging from 1.9 to 2.4 dB would not
alter clinical assessment. In this study, as it has been mentioned, the difference in SRTs among the

dialects was 2 to 6 dB. This difference is substantial enough to influence clinical evaluation.

A possible explanation for the different results of the current study and that by Schneider and Nissen
et al. is the listeners” age. The current research used a wider range of ages (six-year-olds, 20-30-year-
olds, 60—70-year-olds), whereas two of these studies explored a much narrower age range, for
example, six to seven years (Schneider), and 18 to 50 years (Nissen et al.). Secondly, the number of
listeners in the study might affect the research findings to some degree, in particular, 12 children in
Schneider’s work, and 32 younger adults and adults in Nissen’s study. The current study recruited
183 listeners who originated from Northern, Central, and Southern Vietnam. Thirdly, Nissen and his

colleagues measured participants’ SRTs in the US, not in China or Taiwan. Due to language contacts,
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the listeners who spoke Mainland Mandarin could have become familiarized with Taiwanese

Mandarin or vice versa.

Aside from the speech threshold differences of the native and non-native listeners, this research also
found statistically significant differences in perception processing (measured in reaction time)
between the dialects. Indeed, the native listener showed significantly quicker reaction time than the

two groups of non-native listeners. Hence, our finding supports hypothesis H5c:

There are significant differences in the response time in AAST between the native and the non-native listeners

of the dialect.

(T'he native listeners need a shorter response time than the non-native listeners)

These findings are in line with Adank and McQueen’s work (2007), which showed a delay in word
processing of roughly 100 ms when the native speakers of Dutch listened to an unfamiliar accent

(East Flemish) compared with a familiar accent (LLocal Dutch).

Regarding NAMES, our findings on recognition scores are consistent with some published studies
(Weisleder & Hodgson, 1989; Le et al., 2007; Shi & Canizales, 2012; Nissen et al., 2013), which
showed significant difference in word recognition scores between the native and non-native listeners
due to dialectal variation. Weisleder and Hodgson examined the effect of dialect on word recognition
test for 16 college students who spoke Spanish. The participants came from different countries:
Panama, Spain, Colombia, Mexico, and Venezuela. They listened to the speech stimuli presented in
four different presentation levels: 8, 16, 24, and 32 dB HL. The authors found that at a low
presentation level, the listeners of Mexican origin had significantly better recognition scores than
others. The threshold difference disappeared when the intensity level increased. In the same vein, Le
et al. (2007) examined the effect of dialect and word familiarity on speech test for 21 first-year
psychology students at Western Sydney University aged between 18 and 39 years. The stimuli
consisted of 36 English words recorded in three male voices spoken in different African-English
dialects. The result also revealed that the listeners obtained progressively poorer scores when the
speech stimuli differed from their own dialect. Similar to the above studies, Shi and her colleague
also assessed the effect of dialect on the Spanish word recognition test for 40 Spanish/English
bilinguals. The researchers found that the Highland listeners obtained a better recognition score than
the Caribbean Costal listeners. From this result, the researchers suggested that the dialectal effect was

still present in the speech audiometery testing. In general, the researcher came to the same
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conclusion: the phonological and phonetic variations of an unfamiliar dialect significantly affect word
recognition. Thus, clinicians should be sensitive to a listener’s phonetic features when they
measure hearing abilities, and try to find an adequate speech test based on the individual’s

language background.

In contrast to the findings of these researchers, Nissen and his colleagues (2013) also found
statistically significant differences among word recognition scores of the listeners’ dialects. However,
due to the minor discrepancies, they suggested that these might not clinically affect audiometric
measurement. As mentioned earlier, the average phonemic scores in the current research were
slightly different for the native and non-native listeners—roughly 1.5%. This difference is negligible,

and might not influence the clinical finding as compared with those of Nissen and his colleagues.

The current study and Nissen’s work are similar in terms of the phoneme scores on the supra-
threshold speech in the listeners’ dialects, but slightly different from those of Weileder and Hodgson
(1989), Le et al. (2007), and Shi and Canizales (2012). Some possible explanations for this difference
can be elucidated. First, it may stem from the methodology used in the studies. In the study by
Weileder and Hodgson (1989), speech stimuli were presented monaurally to the listeners. In the
current study, these were presented binaurally. Second, it may be caused by the presentation level of
the stimuli. In the study by Weileder and Hodgson, the speech stimuli were presented at four
different levels (8, 16, 24, and 32 dB HL). In the research by Shi and Canizales, the intensity level was
40 dB HL. In contrast, the speech stimuli were presented at the fixed intensity level of 80 dB SPL in
the current research. Third, according to the Perceptual Assimilation Model (Best, 1995), adult
listeners find it difficult to identify speech stimuli not presented in their own dialect. They will
assimilate “the non-native phonemes to native phoneme where possible”, and if not, “focus on
auditory or articulatory information”, especially in the case of meaningless stimuli. Our observation
on listener responses is in agreement with this model of perception. The listeners reflected the
influences between their dialect and the speaker’s dialect through their responses. So, they either
imitated the acoustic cues from the speaker’s voices or ignored the signals not relevant to their own
dialect. In addition, the speech signals in the current research were nonsense syllables, which are
presumably more novel and challenging to listeners. Therefore, both native and non-native listeners
put in more effort and were more cautious during their speech performances. This can also be
elucidated through the Ease of Language Understanding (ELU) model (Rénneberg, 2014), which

proposes that the listeners would modify their attention from relative effortlessness to more effort
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towards incoming speech signals when the listening condition or the task requirement was
sufficiently challenging. The above-mentioned reasons may have resulted in high phoneme scores for

both native and non-native listeners in this study than those in other studies.

Comparing the SRTs and PRSs with respect to dialectal effects, the test procedures for AAST and
for NAMES were totally different. However, this research was consistent in the results, in which the
non-native listener groups obtained poorer speech thresholds/suprathreshold phoneme scores than
the native group. However, due to the difference in methodology and speech materials between
AAST and NAMES, the extent of differences in dialectal effects is not the same (larger difference in
SRTs, smaller in PRSs). Nevertheless, these results reflected that the effect of dialect on audiological
assessments is real and substantial enough to influence clinical assessments, especially as speech
material is AAST. Furthermore, from outr observation, the non-native listeners faltered while
responding to the first stimuli in both AAST and NAMES. So, they more often asked for a
reiteration of the stimuli. In contrast, the native listeners went through their performances relatively

easily and smoothly with fewer requests for stimulus repetition.

This study only focused on the effects of dialects on younger adults. Children and older adults were
not included in this part of the research. So, the extent to which the phoneme scores of the children
and older listeners who spoke CVN and NVN was affected is not known. Further research may

investigate this factor in these age groups.

7.6 Interdependencies of SRT, duo-tone threshold, and PRS

The purpose of the present study was to examine whether there are any interdependencies between
(1) the SRTs in AAST-a2 and duo-tone thresholds, (2) the PRSs in NAMES and duo-tone
thresholds, and (3) the SRTs in AAST and the PRSs in NAMES.

Hoa. There are strong associations between duo-tone and AAST thresholds in quiet and in noise.

(The better the speech threshold value, the lower the duo-tone threshold value)

This hypothesis can be accepted. The results of this study showed a strong correlation between the
duo-tone threshold and the capacity to recognize speech material in quiet, whereas a poor correlation
was found between pure-tone threshold and the ability to recognize the speech stimuli in noise. The
results of the current study are in agreement with previous studies (Bosman & Smoorenburg,

1995; Wilson et al., 2005; Brandy & Lutman, 2005; and Vermiglio et al., 2012), which have also
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shown a weaker relationship between duo-tone thresholds and speech recognition in noise and a

stronger one in quiet.

In a quiet condition, the magnitude of the relations between duo-tone 0.5 kHz and the SRTs are
larger as compared with those between duo-tone 4 kHz and the SRTs. This finding implies that the
duo-tone threshold at 0.5 kHz is the best frequency for speech threshold prediction. In contrast, in
noise, the magnitude of the correlation between duo-ton 0.5 kHz and the SRTs are smaller as
compared with those between duo-tone 4 kHz and the SRTs. This may indicate that the duo-tone
threshold 4 kHz is the best frequency for speech threshold prediction in noise. These findings are

also in agreement with Bosman and Smoorenburg’s results (1995).

Based on these associations, it can be asserted that the listeners’ speech threshold can be predicted
well from their duo-tone threshold values. However, the optimum is to predict those in quiet rather

than noise (Vermiglio et al., 2012).

HG6b. There is an association between dno-tone threshold and NAMES scores.
(L'he higher the phoneme score, the better the duo-tone threshold)
Hée. There are strong relationships between NAMES' scores and AAST thresholds.

(The better the speech threshold value, the higher the phoneme score)

These hypotheses have to be rejected. The research found tenuous relationships between the duo-
tone and the two speech materials, with r-values ranging from -0.3 to -0.1. These tenuous

relationships indicate that the PRS cannot be predicted from the SRT or the duo-tone threshold.

The findings of the current research are different from Bosman’s and Smoorenburg’s finding, which
showed a higher correlation between pure-tone thresholds at seven-octave frequencies (0.125 to 8
kHz) and phoneme scores (CVC syllable). In that study, the authors examined the relationship
between these factors in Dutch for four groups of listeners, including a group of normal-hearing
young listeners and three groups of hearing-impaired listeners. The research showed a significantly
high correlation between phoneme scores and pure-tone thresholds for all listener groups with r
values at 0.98, 0.97, and 0.76 over three subsets of pure-tone thresholds (0.125 to 8 kHz; 0.5, 1, 2
kHz; and 2, 4 kHz), respectively. A possible explanation is that the listeners were measured
differently in the two studies. The normal-hearing listeners were recruited in our study, whereas both

normal-hearing and hearing-impaired listeners were tested by Bosman and Smoorenburg. This can
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be easily seen from a comparison of the magnitude of correlations for the normal-hearing listeners
between these two studies. The results of the two studies found equivalences with respect to r-
values: a weak correlation between the phoneme score and the pure-tone threshold for the

normal-hearing listeners.

One again, there is no or a very weak relationship between the PRS scores and the duo-tone
thresholds and the SRTs. Therefore, to precisely know the ability of listeners, the only approach is
that the tester or audiologist should measure the phoneme scores because these cannot be predicted

by other auditory tasks.

7.7 Summary of discussion
Our discussion is about, normative values of the AAST and NAMES, learning effects on the AAST,
dialect effects on speech recognition of the non-native listeners, effects of tonal patterns on speech

perception of the older native listeners, and associations between the two speech materials and duo-

tone (0.5 and 4kHz).

Regarding norm values of the AAST, the results of the current study support the hypothesis that the
normative values depend on the listener’s age in which the younger children and older adults
obtained significantly poorer speech thresholds than the adults. The age-related normative values in
this study are in line with previous studies. However, the normative value in the Vietnamese language
is higher (2 dB) than those in German due to high levels of ambient noise in Vietnam. Learning
effects still exist in the AAST Vietnamese between the first trial and the second ones for both
quiet and noisy condition. Nevertheless, these differences are negligible and no statistical

significance either.

Regarding normative values of the NAMES, we hypothesized that the norm values depend on
listener’s age, in which the older adults perform significantly poorer phoneme scores than the adults
do. This hypothesis, however, can partly be accepted. The listeners below 75 years old obtained more
or less similar in terms of phoneme recognition scores, whereas older listeners above 75 years old
achieved poorer phoneme recognition scores. The result suggested that the NAMES is an easy speech
test for listeners with normal hearing even those with mild hearing loss. A comfortable presentation

level of 80 dB (SPL) seems to contribute to ceiling effects in performances of the NAMES.

Regarding dialect effects on speech performances, we hypothesized that the native listeners of the

Southern Vietnamese achieve the better SRT's and PRSs than the non-native listeners do. The results
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of the current study support the above hypothesis. The effect of dialect on audiological assessments
is real. However, the extents of the differences are not analogous between AAST and NAMES, the

larger differences in speech thresholds (AAST) and the smaller in phoneme scores (NAMES).

Regarding effects of tonal patterns on speech perception of older adult listeners, it was hypothesized
that tonal patterns (FO) in terms of lexical tones in Vietnamese have an effect on speech recognition.
This hypothesis can be only partly accepted. Tones with low pitch levels and falling contours become
difficult for older listeners to identify or recognize, especially in noisy condition. The deterioration in
tones with high pitch levels and rising contours does not stem from the high-frequency hearing loss

but deteriorations of speech perception in older adults.

Lastly, regarding interdependencies of speech audiometric tests and duo-tone audiometry, the results
of the study support the hypothesis that there is a strong association between AAST thresholds and
duo-tone thresholds in quiet and noisy condition. It means that the SRTs can be predicted from their
duo-tone thresholds. The optimum is to predict in quiet. Unlike the strong relationship between
SRTs and duo-tone thresholds, the PRS scores showed very weak associations with duo-tone

thresholds as well as SRTSs.
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8. APPLICATION STUDY OF AAST IN HEARING-IMPAIRED CHILDREN
8.1 Introduction

So far, the Adaptive Auditory Speech Test (AAST) in German, developed by Coninx (2005), has
proved to be suitable for measuring hearing impairment to decide on the recipients of hearing aid
(HA) among children (Coninx, 2005; Nekes, 2016) and cochlear implant (CI) (Hoffman, 2013)
among adults. These studies have shown that hearing-impaired listeners show a large variety of SRT's
in their performances in quiet and noisy conditions. For example, in Coninx’s work, ranges of SRT's
of 82 children (five and 12 years old) were more variable for 20 and 50 dB SPL. Similarly, in Nekes’s
research, the mean SRT of mild hearing-impaired groups (4 to 10 years) was 32+8.9 dB SPL,
whereas the mean aided SRT of moderate hearing-impaired groups was 42.84£9.3 dB (SPL) in a quiet
condition. Nekes’s findings also revealed that the SRT of CI recipients was significantly better than

that of HA recipients with severe and profound hearing loss.

AAST in Vietnamese was developed with five subtests. The normative SRT values were assessed for
listeners aged between four and 85. The findings indicated that AAST in Vietnamese is a valid
audiometry speech material to quantify speech recognition for normal-hearing listeners in both quiet
and noisy conditions. The SRT values of hearing-impaired listeners were also used to compare the
normative values of normal-hearing listeners, as well as the SRTs in other languages in case of

hearing-impaired patients.

The characteristics of a speech material are usually examined with respect to SRTSs, the slope of the
intelligibility function, the correlations between speech recognition thresholds and pure-tone

thresholds (Neumann et al., 2012; Weissgerber et al., 2012).

The aim of this work was (1) to examine the applicability of AAST in quiet for diagnostic purposes
for hearing-impaired children with HA, (2) to assess the slopes of psychometric functions for two
subtests of AAST, (3) to investigate the effect of tonal patterns of disyllabic words on the speech

perception of HA recipients, (4) to investigate the relationship of SRTs with duo-tone thresholds.

Verbal communication in daily life is often masked by background noise. The speech test in noise is
considered as the best method to replicate the listening condition. Therefore, the speech test in noise
is widely used for children with hearing disorders (Weissgerber, 2012). However, in the case of

children with severe or profound hearing loss, their linguistic abilities are extremely limited. An
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assessment of speech recognition is only feasible in a quiet condition. This study conducted a speech

test in quiet on hearing-impaired children aged between 10 and 14.

8.2 Methods

Participants

Two subtests of AAST were administered to 12 children aged between 10 and 14. All the test
subjects were studying at the Thuan An Center for Disabled Children at the time of the data
collection. The degree of hearing loss of these 12 children was between 100 and 110 dB HL. The test
took place in an acoustic room for deaf children at the centre. Duo-tone audiometry (0.5 and 4 kHz)
was performed in free fields for aided condition. The data from seven hearing-impaired children (15
ears) were included in the analysis. The data for five children out of the 12 had to be excluded
because of incomplete measurements due to lack of speech perception (e.g. a misunderstood task).
The measurements of seven children were used in the data analysis. The duo-tone threshold ranged
from 24 to 47 dB HL for aided conditions across individuals. The average aided duo-tone threshold
(0.5, 4 kHz) was roughly 36.8 for the hearing-impaired children, including < 25 dB HL (one child),
25 to 40 dB HL (three children), and 41 to 55 dB HL (three children).

Materials

The study used two subtests of AAST-VN’, and AAST-aTP. As mentioned before, the speech
stimuli of AAST Vietnamese bore tones Al and B1 with high pitch levels and rising contours. The
speech stimuli of AAST aTP carried tones Al, B1, and A2 with heterogeneous pitch levels and pitch

contours: high level, high rising, and low falling.

Test Procedure

The hearing measurement was conducted in a sound-treated room at Thuan An Center. The
calibration of the equipment was made before the commencement of the hearing measurements. To
become familiar with the test procedure, the tester introduced the speech stimuli of AAST as well as

the response mode to the listeners.

The measurements were taken in hearing devices, and the acoustic signals were presented via
loudspeakers (Bose Companion 2 series III) to the children. After the performances of the duo-tone
task (only one time), the AAST Vietnamese and aTP were delivered twice for each speech material.
The data for hearing-impaired listeners were computed separately for each individual due to the

different degrees of hearing impairment.

3 The AAST-a2 is regarded as a standard speech test for Vietnamese, named as AAST-VN in this application study.
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8.3 Results

The results of the SRT measurements for the seven hearing-impaired children are given in figure 30.
The poorest speech threshold of AAST-VN was found for listeners with average aided duo-tone
thresholds in the range of 25 to 60 dB HL. In contrast, listeners whose duo-tone threshold was less
than 25 dB HL obtained better SRT's with a range of 25 to 29 dB SPL. Due to the different degrees
of hearing impairment among individuals, the study showed large inter-individual differences in a
quiet condition for hearing-impaired listeners as compared with the threshold values of normal-

hearing children (see the norm values in the section of results).

The mean SRTs in both subtests of AAST were equal—roughly 40 dB SPL with standard deviation
1+11.3 dB for AAST-aTP and +9.3 dB for AAST-VN. Although a large range of SRT's was observed
for AAST-aTP compared with AAST-VN, no significant difference was found between AAST-aTP
and AAST-VN as a function of the tonal pattern effects, p value=0.95. This revealed that the
differences in the tonal patterns of the two subtests of AAST did not affect speech recognition in the

group of hearing-impaired children.
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Figure 30: SRT values for hearing-impaired children, N=8 (N=15 ecars)

The relationships between duo-tone threshold (0.5 and 4kHz) and speech thresholds of the two
subtests of AAST are plotted in Figure 31. Significant correlations (+=0.84 for AAST-VN and r=0.94
for AAST-aTP) were found for bilateral duo-tone thresholds and SRT's of the two subtests of AAST

in quiet thresholds. As duo-tone thresholds increase, so do AAST thresholds in quiet.
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Figure 33: Psychometric curves for hearing-impaired children with hearing aids in quiet

Psychometric curves are calculated for each subtest of AAST in figure 33. The psychometric curves
of both subtests are different from each other, roughly 7.5%/dB for AAST-VN and 4.0%/dB for
AAST-aTP. The slope of AAST-VN is somewhat different from that of AAST-aTP at a presentation
level of 5 dB HIL: 71% intelligibility for AAST-VN and 57% intelligibility for AAST-aTP. This
difference might indicate that AAST-aTP is somewhat difficult than AAST-VN in terms of

intelligibility of heating-impaired children. In average, the slope is roughly 6.0%/dB at 35% and 65%
intelligibility for SRT's in both subtests.
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8.4 Discussion

The SRT, psychometric curves, and correlations between SRT values and duo-tone thresholds
The mean SRT (AAST-VN) for a sample of seven HA recipients was 40£9.3 dB (SPL). The average
threshold of this group was substantially different (roughly 10 dB SPL) from those of the normal-
hearing children, aged eight. The study also showed a larger standard deviation for the hearing-
impaired children (+9.3) as compared with the normal-hearing group (£2.5). Unfortunately, no
reference data was available for HA users in Vietnamese. Therefore, comparisons between the
current and previous findings were not possible. In the current research, five listeners showed
profound hearing loss (100-110 dB HL). However, they obtained different speech thresholds of
AAST in both subtests. This indicated that the amplification of the hearing devices is not linear.

They are active differently at the level of the speech thresholds.

An improvement of the SRT value is insignificant when the gradient of the speech intelligibility
function is unidentified. To interpret the clinical improvement of a client, the gradient of the
psychometric function can help estimate the improvement relevant to speech intelligibility (Dietz,
2015). The gradient of psychometric curves of the Vietnamese AAST is roughly 8.2%/dB for
normal-hearing subjects. The gradient of the psychometric curve was 6%/dB for seven hearing-
impaired children with aided SRTs in a free field condition. The gradient of the group of hearing-
impaired listeners was gentler than those of the normal-hearing listeners in present study. However
the mean slope values of AAST on the hearing-impaired children was in line with those conducted
by Weiligerber et al. (2012) which found a mean slope value of 7%/dB in aided condition for
children aged 4 to 10 years old.

The aided duo-tone threshold could give at least an estimate of speech threshold and vice versa at
least for the duo-tone threshold between 20 and 40 dB HL. In contrast, the patients with duo-tone
threshold above 40 dB HL showed heterogeneous SRT wvalues in both subtests of AAST. The
correlations between the aided SRT values and the aided duo-tone thresholds in the group of
hearing-impaired children (»=0.84) were significantly higher than those in the normal-hearing groups
(0.69) in a quiet condition. This difference might have arisen from the different degrees of hearing

loss among hearing-impaired children, or a relatively small sample size in this study.

Comparison of AAST Vietnamese with AAST German
The mean SRT of AAST-VN was 40+9.3 dB (SPL) for the profound hearing-impaired children. This

SRT value in this study is in line with the SRT values of AAST-German in recent studies conducted
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by Nekes (2016), and Coninx (2005). Sandra Nekes (2016) conducted a study on 277 hearing-
impaired children with hearing aids (4 to 10 years). The research found SRT values of 42.8+9.3 and
45.9%14.1 dB (SPL) for moderate and profound hearing impairment with hearing aid. The result of
the current research seems to be comparable to the findings of Coninx who found SRTs between 40
dB and 47 dB SPL for children (5 to 12 years) with profound hearing impairment (see figure 32 in
ellipse). Compared with Nekes’s finding, the current research showed a slight difference in terms of
mean SRT (2 to 5 dB SPL). A possible explanation for the difference might be ascribed to the
patient’s age. The patients’ ages ranged from four to 10 years in the research of Nekes, whereas it
ranged from 10 to 14 years in the current study. Furthermore, the current research includes data

from only one patient with mild hearing impairment.

Effects of the tonal pattern on speech perception by hearing-impaired children

The present study was designed to examine the effect of tonal patterns of syllables on speech recognition
by hearing-impaired children with profound hearing loss. The speech stimuli of AAST-VN carried high-
level and high-rising tones. Aside from high-level and high-rising tones, the speech stimuli of AAST-aTP
included low-falling tones. The current study found equal speech threshold values between AAST-VN
and AAST-aTP with mean SRTs of roughly 40 dB SPL. A wider range of SRTs was found for AAST-
VN as compared with AAST-aTP. However, this negligible difference may not be derived from different
tonal patterns between the subtests. The finding, while preliminary, suggests that the tonal patterns of
syllables do not affect speech recognition of hearing-impaired children when they use the subtests of
AAST-VN and AAST-aTP. Due to the small sample size of participants, further work is needed to
examine the speech threshold not only using the subtests of AAST-VN and AAST-aTP but also using
AAST-a3, a speech test with low-falling tones. In addition, further study on the cutrent topic is also
suggested for CI recipients to make a comparison with HA recipients. Furthermore, the benefits of
hearing devices in recognizing speech for hearing-impaired children with and without hearing devices

needs to be investigated when using either hearing aids or a cochlear implant.

8.5 Conclusion

AAST-VN was considered to be suitable for assessing hearing-impaired children with HAs.
Comparable outcomes were found between AAST-VN and AAST-German for hearing-impaired
children. This suggests that AAST-VN may become a reliable speech material for the evaluation of
patients with different degrees of hearing loss. More research will have to be carried out to get more

referent data about the characteristic of the Vietnamese AAST for hearing-impaired patients.
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9. GENERAL DISCUSSION

9.1 Evaluation of speech materials
Practical uses of the speech materials
The normative values of the two speech materials in this research show the reliability of these
materials for routine clinical implementation. These materials also show reliability in high
background noise. The speech materials can be easily implemented in a laptop installed with BELLS,

and connected to other standard devices, such as headphones, a soundcard, and a microphone.

For AAST, the speech stimuli were presented in random, and there can be infinite iterations of the
speech test. Hence, the learning effect is minimized, as reported in the result section. There were
minimal effects of cognitive and linguistic skills, for example, active vocabulary, working memory,
and speech production (Coninx, 2016). The test performance in the current study was fast and
motivating. Furthermore, the slopes were 8.2%/dB for quiet and 8.4%/dB for noise at 50% speech
intelligibility. The slopes of Vietnamese AAST seemed to be somewhat shallower than those of
German and Ghanaian, which have slopes of about 10.2%/dB in a quiet condition. However, the
small difference of slope values between these languages is trivial. Hence, the slope of about 8%/dB
for normal-hearing listeners is acceptable. In addition, age-related normative values and the
normative values in Vietnamese AAST are more or less equal to those in other languages. Besides,
the proportions of word confusion are minor for six speech stimuli of Vietnamese AAST across the
age groups. Taken together, it can be confirmed that the Vietnamese AAST can be a reliable speech

audiometry test for hearing measurement in the Vietnamese language.

For NAMES, the speech stimuli do not depend on the vocabulary, and the morpho-syntactic skills
of individuals. Moreover, the result of NAMES provides not only phoneme identification scores but
also very detailed information relevant to phoneme pattern errors showed by listeners. In addition,
the testing time is short, roughly two minutes per 20 words. Furthermore, several participants
showed interest in the novelty of the speech stimuli of NAMES. A few listeners showed difficulty in
articulation due to misunderstood tasks or even the novelty of acoustic stimuli in the early testing
performances. However, after the second trial, they felt comfortable going through the performances
and showed the ease of articulation. Taken together, what these findings mean is that the
NAMES test can be suitable for audiological assessments and phoneme identification testing in

the Vietnamese language.
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The results of NAMES were based on the listeners’ articulation or phoneme-grapheme
correspondences. Hence, several issues must be taken into account while administering NAMES.
Firstly, the clinicians or researchers who administer the speech test must ideally be trained in
phonetic transcription. With this linguistic skill, the clinician can determine the listener’s responses
accurately and give proper phoneme scores. Secondly, to ensure that the clinicians can identify
phoneme responses accurately, the listeners’ responses must be loud enough. More importantly, the
clinicians should observe the patient’s mouth to capture the extra-visual information of the target
phoneme. Additionally, NAMES results are scored by testers (clinicians or researchers), not by
software (as AAST). Hence, more subjective biases from clinicians might exist in the administration.
To ensure high reliability, the same clinician should record the scores while collecting clinical or
research data. Finally, since the speech test is based on verbal repetition, the participants need to
have sufficient production skills to give the verbal responses. Thus, the speech material might be

difficult for younger children who may lack articulation skills.

Officially, there are around 1.4 million hearing-impaired people in Vietnam. Among those, more than
180,000 are children (under 18 years) (Nelson, 2015). The actual number may be much higher.
However, hearing care for such people is quite limited. For example, newborn hearing screening is
not widespread. At the eatliest, intervention programs for children begin at two years. Audiology
assessment is also restricted (Madell, 2013). Furthermore, Vietnam lacks audiological materials like
audiometers, test booths, and hearing devices, especially Cls. In early 2005, CIs were introduced in
Vietnam. But the number of CI users is still limited. The recipients are young children. The price of a
CI is roughly US$50,000 and has to be borne by the children’s families. They were quite expensive
compared with the average per capita incomes in 2015 (US$1,685). So, very few families can afford a
CI for their child. To assess hearing, audiologists use only pure tone. No speech materials are
available to assess hearing, though word recognition tests have been established (Ngo, 1977,

Nguyén, 1986; Nguyén, 2005).

The difference of 2 dB in AAST-a2

By comparing the speech thresholds of German AAST and AAST-a2, it was found that the average
speech thresholds in Vietnamese (for young listeners) were still higher (2 dB SPL) than those in
German. The average speech threshold for normal-hearing German subjects was around 28 dB
(SPL) in a quiet room, whereas the best threshold values averaged roughly 29.5 dB (SPL) for AAST-

a2. The difference of 2 dB might be caused due to language, speaker-dependent factors (Theunissen
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et al.,, 2009), or the level of background noise. The current data were collected in Vietnam where
noise—for example, traffic and different environmental sounds—was omnipresent. The speech
audiometry test was done in the quietest room. However, sometimes, considerable background noise
interfered. According to Chan et al. (2005), the background noise was measured at 50 dBA for
classrooms in Hong Kong. Similarly, the ambient noise level in Vietnamese classrooms is extremely

high, especially in large cities.

To ascertain the extent of the reliance of speech threshold on ambient noise, the SRT for 18 German
listeners was measured at five different ambient noise levels: 30, 35, 45, 55, and 65 dBA (see
Appendix K). The results revealed that the speech threshold worsened gradually as ambient noise
increased. The speech thresholds were detrimentally affected when the background noise went up to
45 dBA. The speech thresholds at the noise level of 35 dBA were exactly equal to those at a noise
level of 30 dBA (normal ambient noise level in a quiet room). As it was mentioned in the section of
methods, the ambient noise was measured at 38 to 48 dBA in Vietnam, which led to a difference of 2
dB (SPL) for Vietnamese as compared with German. Therefore, the extreme background noise level

in Vietnam could be an exclusive explanation for SRT differences in this study.

In addition, the authors of this study also tried to examine whether the speech threshold in
Vietnamese was equivalent to those in German when the hearing measurements took place at
similar background noise levels. Fifteen Vietnamese adults were involved in a test held in a silent
room at the Department of Special Education & Rehabilitation, the University of Cologne. As
expected, the speech threshold in Vietnamese was exactly equal to those in the German language
“AAST-DE” (see Appendix L), which adapts to normative values for normal-hearing individuals

with an SRT of 25+5 (dB SPL) in AAST.

Word scoring and phoneme scoring in NAMES

There are two scoring methods in a word recognition test: word scoring and phoneme scoring. In
the current study, the word recognition scores were also computed. However, the result was
primarily reported in phoneme scores because this showed an advantage. First, a larger number of
phonemes reduce variability (Boothroyd, 1968; McCreery, 2010) whereas a smaller number of words
increase variability and results in a larger extent of hearing loss (Billings et al., 2015). For example,
when the phoneme scores were calculated, the average scores ranged from 94.5% to 97.5% correct
phonemes (3% differences, all listeners had normal hearing). In contrast, when the results were

calculated on the basis of words, the average scores ranged from 75% to 87.5% correct words (12%
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differences, all listeners with mild hearing loss). Second, phoneme scores may give us a better
understanding of a listener’s ability to identify phonemes through their phoneme perception errors
(Kramer, 2008). Based on this research, phoneme scoring is considered to be a more proper

approach than word scoring.

Application of speech-in-noise in NAMES

In future assessments, it is possible to present the speech stimuli at different presentation levels in
several signal-to-noise ratios. Phoneme scores may be achieved differently at various intensity
levels or in the presence of noise. Using a wider range of presentation levels was considered to be
the optimal method (Boothrody, 1986 and 2008; Ullrich & Grimm, 1976; Beattie & Zipp, 1990;
Guthrie & Mackersie, 2009). It might provide the clinician with a complete assessment of a
listener’s PRS. Furthermore, speech in daily life is often masked by ambient noise. So, it is
necessary to replicate this hearing condition for a speech audiometric test (Neumann et al., 2012;

Weissgerber et al., 2012), which also avoids a ceiling effect, as it appeared in the current study.

Behaviors of participants in the performance of NAMES

Based on our observation during the test performance, the listeners tended to pay more effort,
attention, and vigilance to nonsense speech stimuli in the NAMES test. They considered speech
signals as a benchmark and could adjust their perception to the speakers’ accent as far as it was
possible. Consequently, the listeners sometimes imitated the intonation patterns of speech stimuli or
even the speaker’s accent. This observation was consistent with the Perceptual Assimilation Model

(Best, 1995) and previous studies (Evans & Iverson, 2005; Brunelle, 2009).

Top-down and bottom-up processing in the performances of AAST and NAMES

The present study, on the other hand, reflects a great interest in the assessment of speech recognition
by using different kinds of speech materials. The two speech materials have a similar phonetic
content (based on frequently used phonemes in the language). However, these speech materials
varied regarding their semantic content. The speech stimuli of AAST are disyllabic noun phrases
with a different lexical content that the speech stimuli of NAMES, which are also disyllabic
structures but without any semantic content. These two speech materials were used to assess the
contribution of bottom-up and top-down processing on the speech recognition performance of

children up to older adults.
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The semantic information in the acoustic signal of a word can be referred to as a top-down process
to compensate for an insufficiency of auditory perception. Dirks et al. (2001) stated that a reduction
of lexical or semantic information included in a speech signal negatively influences the speech
recognition of listeners, especially older adults, because the benefits of top-down processing are

restricted and removed.

In contrast, findings of the current research indicated that the overall results of the meaningless
NAMES test were significantly better and less variable than the overall results of AAST. A small
difference (a slight effect) was found upon evaluating age-related normative values and the effects of
dialectal and tonal patterns (FO) by using the meaningless CV-CVC syllables. In contrast, a larger
difference (a strong effect) was found upon evaluating such issues using the speech test of AAST.
The effects of bottom-up and top-down processing on speech performances are illustrated in Figure
34. By comparing the results of the speech recognition performances using both AAST and
NAMES, it can be demonstrated that the speech recognition abilities of listeners do not seem to be

influenced by semantic contents of speech stimuli in the current study.

Differences in the characteristics of speech materials can account for the contrasting conclusion as
compared with the literature on roles of lexical contents on speech perception. AAST is a SRT test,
whereas NAMES is a supra-threshold speech recognition test. AAST measures hearing abilities at a
threshold level with an adaptive procedure. A stimulus is delivered at 65 dB. When it is identified
correctly, the next stimulus is presented at a lower intensity level (reduced by one step or 5 dB).
When the stimulus is not identified correctly, the following stimulus is increased (by two step or 10
dB). In contrast, NAMES administers speech stimuli at a constant supra-threshold level of 80 dB
SPL. With this comfortable intensity level, even a normal-hearing older adult can easily identify the

stimulus being presented.
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Figure 34: Effects of top-down lexical semantic and bottom-up acoustic processing of AAST and
NAMES

9.2 Implications of the study

Regarding the field of audiology, the findings of this study may have significant implications for

audiology in Vietnam.

First, norm values of AAST and NAMES

The research assessed the hearing ability of both normal-hearing listeners and 12 hearing-impaired
children. The values of speech thresholds for AAST and speech supra-thresholds for NAMES were
obtained and evaluated in aided condition (i.e. with hearing aids). Preliminary results confirmed that
both speech materials are suitable to assess hearing abilities. However, the range of values in these
two speech tests was not enough for the classification of the degree of hearing loss. Results of the
present research showed a very large range of AAST thresholds for normal hearing (40% listeners,
SRT<30 dB SPL), mild hearing loss (50%, SRT=31-40 dB SPL), and moderate hearing loss (10%,
SRT=41-55 dB SPL). In contrast, there was a smaller range of NAMES phoneme scores for normal
hearing (98.5% listeners), and mild hearing loss (1.5%). The listeners with a poorer speech threshold
still achieved relatively high phoneme scores. Our findings confirmed that the choice of speech test

used to evaluate speech perception has a significant effect on the outcomes. Therefore, clinicians or
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researchers of hearing assessments need to be aware that norm values for different speech materials

may influence the classifying degrees of hearing loss for a person.

Second, linguistic backgrounds of listeners

The results showed that the native listeners of Southern Vietnamese scored significantly better SRT's
and PRSs compared with non-native listeners. This indicated that linguistic backgrounds of clients
significantly affect audiological assessments. Understanding the significance of a speech recognition
deficit under dialectal effects may help audiologists or speech pathologists to be more aware of
speech materials being used for audiological assessments. When selecting a speech material for
audiological evaluations, use of a protocol with speech audiometry materials appropriate for clients is

recommended to avoid misdiagnosis or inflated assessment scores.

Third, tonal distributions in speech materials

As reported in the section of results, the average SRT in a4 was somewhat lower, indicating a better
result compared with other speech materials, both in quiet and noisy conditions. In particular, each
speech material should involve tones in different pitch heights and contours to ensure the
naturalness of speech materials. For example, the speech material a3 carries only tones with low
pitches and falling contours. When the speech stimuli were presented with masking noise, the
listeners were more confused. In the case of the speech material a4, when each syllable involved
tonal contrasts such as high-low, the high one could act as an acoustic cue (acoustic salience),
drawing the older adult’s attention to the stimuli in a complex hearing condition, for example, in
masking noise. For optimal performances, the design of a new speech audiometry material should

also concern harmonic distribution of tonal patterns across speech stimuli.

Furthermore, regarding NAMES, the tone A2 (a low-falling tone) was identified as B2 (a creaky
falling tone). These two tones have similar pitch contours making them acoustically indistinguishable.

As a result, listeners are perceptually indistinguishable between such tones.

These above disadvantages remind audiologist that an issue associated with effects of the low-falling
tones need to be considered for any assessment of hearing or speech performance in noisy condition

in the Vietnamese language.

Fourth, phonological error patterns
NAMES test assesses not only phoneme identification abilities but also phonological error patterns

of clients. Hence, the results of NAMES can give clinicians specific information on error patterns
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that the patients exhibited in their speech performances. By detecting these mistakes, the clients can

modify their speech with support of clinicians or speech pathologists.

Regarding the field of linguistics, the results of this research provided some important insights
into speech perception of non-native listeners of a dialect, characteristics of speech perception by
older adults as compared with younger adults in native listener groups, errors patterns of speech

perception in Southern Vietnamese, and tonal perceptions in older adults.

Firstly, perceptual differences in segmental and suprasegmental phonemes across dialects

As reported in the section on literature, the dialects were phonetically different from each other.
Indeed, the present study provided evidence to prove that phonological differences exist and
influence phoneme identification. The non-native listeners made more errors when the perceived
syllables were followed by the coda glide /-j/ or the velar coda /-y/, as well as when the
syllables carried the tone A2 in Southern Vietnamese. For the onset palatal /j-/, the non-native
listeners tended to interchange it for /v-/ or /z-/. In contrast, the native listeners gave a single
form of answer, /j-/. For the coda velar /-g/, the interchange between /-y/ and /-n/ was
prevalent among the non-native listeners. There was a one-to-one correspondence between a
speech stimulus and a response to /-n/ in the native listeners’ speech. With respect to
suprasegmental phonemes, a larger extent of tonal misidentification for tone A2 was found
among the non-native listeners, whereas a lesser extent of tonal misidentification was found for

tone A2 in the groups of native listeners.

Secondly, social effects on linguistic behaviours

The research reflected an interesting observation that the short vowels /4/ and /3/ and the
rounded vowels /o/ and /o/ were more easily confused by young adults. In contrast, the older
listeners showed less confusion in identifying such vowels. The indistinguishability between these
vowels occurred in young adults but rarely appeared in older adults. The differences in perception
and production of such vowels might reveal a change of linguistic behavior between young and
older adults in Southern dialect. From this finding, teachers or educators should be aware of
speech perception and production skills in children, and especially confusable phonemes due to

similar acoustic properties, for example, between /o/ and /9/, and between /i/ and /3/.
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9.3 Limitations of the study

The research has some unexpected limitations that might affect the findings to some extents. Firstly,
the study did not include cognitive measures. Some listeners have slightly poorer speech thresholds
due to a decline in cognitive capacity and not because of hearing loss. Without the cognitive measure,
we could not fully assess the effects of cognitive ability on deterioration in speech recognition of
listeners, especially older adults whose education level was limited. Future studies should examine the

cognitive factor, working memory capacity, as well as attention.

Secondly, high level of background noise influences test performances, especially for the AAST task.
Both measures took place in kindergartens, and school libraries where noise interfered. Some
measurements were run in a musical room of the university but background noise still existed. As a
result, the speech threshold values of AAST-a2 were higher (roughly 2 dB SPL) than those of AAST
German. The presence of background noise constituted a great challenge to older adults, as speech

stimuli were presented in masking noise.

Thirdly, the data of NAMES from non-native listeners did not include data from older adults due to
the small sample size. Therefore, dialectal effects might not be fully appreciated with nonsense

syllables. Further research needs to be considered.

Lastly, the data of hearing-impaired children were obtained on a small sample (N=7). It is difficult to
make a full assessment regarding the applicabilities of the speech material of AAST for hearing
impairment with different degrees of hearing loss. The NAMES test was also used to assess this
group of hearing-impaired children. But most children had impaired hearing and insufficient
production skills. Therefore, the NAMES data from the group were not included in this study. A
larger sample of hearing-impaired children with a wider range of degree of hearing loss needs to be

studied for further research.

9.4 Future research

This research has thrown up many questions that need further investigation. First, the speech tests
are reliable tools for audiological and speech assessments. The speech tests have been used to
measure the hearing ability of normal-hearing listeners. However, a question remains on the
relevance of the method to judge the speech threshold or phoneme scores in different populations.
It would be necessary to conduct the test on hearing-impaired populations with varying degrees of
hearing loss: mild to severe hearing loss with CI in various age groups. For AAST, younger children

aged four can be included in the measures. However, NAMES seems to be appropriate for hearing-
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impaired children above 10 years. Second, participants recruited for the NAMES test were aged 15
years and older. This speech test should be evaluated for children to assess their phonological
awareness skills compared with young adults and adults. From this assessment, the phonemes that a
listener could not produce can be identified and a good provision for that made during the test
performances. Third, the measured values of supra-threshold PRSs are high in a quiet condition,
which reflects the presence of near-ceiling effects for NAMES. An application of speech-in-noise is
required to validate the phoneme scores in a noisy condition. Finally, the current study was based on
the native speaker form of Southern Vietnamese. Thus, the SRTs were variable for the non-native
listeners. Hence, additional speech materials of AAST or NAMES have to be designed for Northern

and Central Vietnamese dialects.
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10. SUMMARY AND CONCLUSION

The first part of this study was concerned with designs of speech audiometry materials based on
Southern Vietnamese. Speech materials of AAST (Adaptive Auditory Speech Test) and NAMES
were constructed. AAST included disyllabic noun phrases containing lexical contents. Five subtests
of AAST were digitally adjusted to make it homogeneous regarding psychometric functions, speech
intelligibility, and speech recognition thresholds. The average psychometric slope for five subtests of
AAST was 8.2%/dB in quiet and 8.4%/dB in noise. These slope values seemed to be close to the
slope values in the German language. NAMES comprised disyllabic structures without lexical
contents. Four sublists of NAMES were digitally modified to make them congruent to the durations

of syllables, and the total root mean square (RMS) levels across acoustic signals.

The second part, which was the main content of this thesis, dealt with normative values, as well
as the effects of dialects and tonal patterns on speech perception. This part also examined the
correlations between speech audiometry materials and duo-tone audiometry. The speech
materials of AAST and NAMES were used to assess the above-mentioned issues. The data

analyses gave the following results:

Regarding the normative values, AAST found a strong correlation between the listeners’ age and
speech threshold values, as predicted. Mean SRTs were significantly worse for young children aged
four years and older adults above 75, and significantly better for young and adult listeners. The
difference in the SRTs of the young children and the adults was 8 dB (SPL), and of the adults and
the oldest adults was 11 dB (SPL). In contrast, NAMES found a weak correlation between the
listeners” age and their PRSs. The PRSs did not vary significantly with increasing age for listeners
aged between 15 and 75. The factor of age might have impacts on the speech reception of the oldest

listeners beyond 75 years with a deterioration of 3% correct phonemes as compared with adults.

Regarding the dialectal effects, the speech material of AAST threw up significant differences in word
recognition due to dialectal variations. The non-native listeners performed poorly on speech
threshold values and reaction times than the native listeners of Southern Vietnamese. In contrast,
NAMES found negligible impacts on speech performance for the non-native listeners compared
with the native listeners, a difference of less than 2% correct phonemes. The influence levels were
not similar. Depending on the speech materials used to diagnose hearing, a lower extent of effects

was found for nonsense disyllabic tests presented at a fixed presentation level, and a greater extent of
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effects for sensible disyllabic tests presented in an adaptive procedure. However, the results of this
research support the hypothesis that dialectal variations substantially influence speech audiometry
testing. Dialectal effects on speech recognition are “real”. For hearing evaluation, the clinicians
should try to find an adequate speech audiometry material, as well as be sensitive to phonological

properties of dialects shown by patients.

Regarding the effects of tonal patterns on older adults, AAST found no significant differences in
quiet but did so in noise among the five subtests. Speech stimuli of a3 carried tones with low pitch
levels and falling pitch contours. As these speech stimuli were presented in masking noise, the
speech-in-noise seemed to be more challenging for older listeners. Therefore, their average SRT
value for AAST-a3 was significantly worse as compared with the remaining subtests. The NAMES
test showed a link between pitch levels or pitch contours of tones and response correctness. Speech
stimuli carrying the tone ngang (A1) were identified better than those bearing the tones huyén (A2),
and sdc (B1). The finding might indicate that older adults obtained better scores for tones with flat
contours rather than tones with complex contours, such as low falling (A2) and high rising (B1).
Since the FO values of high-rising tone B1 were less than 500 Hz, the poorest score in the perception
tone B1 stemmed from age-related changes in speech recognition but not due to high-frequency
hearing loss in the older listeners, as assumed. The findings of this research partly supported the
hypothesis that in terms of lexical tones, tonal patterns (F0) in Vietnamese have an effect on the
speech recognition of the older native listeners of SVN above 75 years. As mentioned before, the
decline in tonal identification scores is due to age-related declines in speech reception, and not

high-frequency hearing loss.

Regarding the correlation between speech audiometry materials and duo-tone audiometry, the result
illustrated relatively strong correlations between speech thresholds and duo-tone thresholds.
However, no or weak association was found between PRSs and duo-tone thresholds. There was also
no correlation between SRT and PRS. These findings implicated that speech thresholds in quiet and
noise can be well predicted from duo-tone thresholds, whereas phoneme scores cannot be predicted

from duo-tone thresholds or SRTs.

The third part of the thesis dealt with the application of AAST for hearing-impaired children. The
research determined the speech threshold values, the psychometric curves, the effect of tonal
patterns of syllables on speech perception, and the correlations between aided speech thresholds and

aided duo-tone thresholds. The preliminary results of the measurement in seven hearing-impaired
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children showed some interesting observations. The SRT wvalues of the severe hearing-impaired
children were comparable to those obtained in AAST German, roughly 40 dB (SPL) in free field
condition using AAST Vietnamese. There was a strong significant correlation between the speech
threshold values and aided duo-tone thresholds in aided condition (i.e. with hearing aids). As
compared with psychometric curves of normal hearing, the slope value of hearing-impaired children
was two times higher. However, the difference might have been an unexpected observation. Further
studies need to be conducted on larger samples of hearing-impaired listeners. Regarding the effects
of tonal pattern on speech perception, there were no significant differences in speech threshold
values between AAST Vietnamese and AAST-aTP. The finding might suggest that tonal patterns do

not affect speech reception of hearing-impaired children with hearing aid.

In summary, the two speech audiometric tests have been designed and evaluated regarding norm
values, dialectal effects, effects of tonal patterns of syllables on speech receptions, and correlations
between speech audiometric tests and duo-tone audiometry. The findings of this thesis render the
useful information regarding the norm values, the dialects or linguistic properties in speech
audiometry materials in Vietnamese audiology. Outcomes of the current study insisted that AAST
and NAMES are reliable speech materials, easy to use, and robust to background noise. These two
speech audiometric tests complement each other in evaluating impairments of hearing and languages. It
is expected that these speech audiometric tests will serve as an effective clinical tool for improving the

quality of speech audiometry testing in Vietnam.
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11. APPENDIX

Appendix A: Frequency of occurrence of phonemes in Vietnamese

1. The consonant phoneme frequency in the SVN

Consonant Written text Spoken text

phoneme Frequency Percent Frequency Percent
/-9/ 26418 11.60 20473 10.80
/k/ 17589 7.72 15150 7.99
/-n/ 17387 7.64 14975 7.90
/d/ 13054 5.73 13460 7.10
/-k/ 11647 5.12 6909 3.64
/t/ 11394 5.00 7588 4.00
/t/ 9776 4.29 7844 4.14
/1/ 9756 4.28 10210 5.38
/v/ 9184 4.03 7289 3.84
/m/ 8818 3.87 8357 4.41
/h/ 8793 3.86 6500 3.43
/-t/ 8691 3.82 6512 3.43
/b/ 7711 3.39 5545 2.92
/c/ 7481 3.29 7092 3.74
/m/ 7213 3.17 4959 2.62
/-m/ 7201 3.16 5047 2.66
/z/ 6670 2.93 5830 3.07
/n/ 5889 2.59 9201 4.85
/x/ 5661 2.49 4470 2.36
/n/ 5590 2.46 3480 1.84
/s/ 5458 2.40 4026 2.12
/t/ 4977 2.19 3553 1.87
/z/ 3158 1.39 3211 1.69
/-p/ 2772 1.22 2014 1.06
/f/ 2687 1.18 2426 1.28
/s/ 1591 0.70 2213 1.17
/Y/ 1125 0.49 1269 0.67
Total 227691 100.00 189603 100
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2. The vowel phoneme frequencies in the SVN

Vowel Written text Spoken text
phoneme Frequency Percentage  Frequency Percentage
/a/ 31516 16.55 25300 15.05
/o/ 14812 7.78 16786 9.99
/i/ 14690 7.71 12695 7.55
/o/ 14258 7.49 14424 8.58
/3/ 11087 5.82 10885 6.48
/i_a/ 10642 5.59 8908 5.30
/e/ 9334 4.90 5377 3.20
/a/ 9106 4.78 6107 3.63
Jw/ 8780 4.61 6903 4.11
/w g/ 7796 4.09 6616 3.94
/e/ 7622 4.00 5926 3.53
/a/ 7267 3.82 6708 3.99
/u/ 6452 3.39 6721 4.00
/Ju_»a/ 3975 2.09 2773 1.65
/-/ 23297 12.23 23829 14.18
/-w/ 9811 5.15 8112 4.83
Total 190445 100 168070 100

3. Tonal distribution frequencies in the SVN, spoken text

Tone Frequency Percentage
Noang (A1) 16050 29.17
Huyén (A2) 12456 22.64
Sde (B1) 12653 23.00
Nang (B2) 6841 12.43
Hoi (C1-C2) 7021 12.76

Total 55021 100
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Appendix B: Sublists of NAMES test with nonsense two syllables structures

Test
No

O 00 N1 N Ul A W

N —m ) /) ) | | e
SO O oo N &N Ul B~ WD, O

List Al1l

Word ~ Transcription
/ta5 10j2/
thi ting /ti2 tdgl1/
di ham /di2 ham5/
v bang /212 bagl/
mi thit /mil ©3t5/
/il z3g 2/
/mo?2 caj5/
/lo1 kagn2/
/do1 hok5/
/1a2 bak5/
/ho5 dok5/
/da2 kajl/
la mam /lal mdm1/
tha boi  /ta2 bojl/
di dit  /do5 k3t5/
tho vai /91 zaj2/
V6 ddng /zo1 din2/
#ddc /12 dak5/
va bit  /zal bit5/
ho théc  /hol tok5/

td loi

V3 Wdﬂg
o i
16 cang
do hoc
la bie
hé dbe

da cai

List A22
Word — Transcription
lotai /192 taj5/

thi ting /ti2 t3g1/
di ham /di2 ham5/
bi vang /bi2 ziy/
i thit /mil £5t6/
/il z3n2/
/ko02 moj5/
/ka2 logl/
/hol dok5/
/1a2 biak5/
/ha5 dok5/
/kal daj2/
ma lém /mal 1dm1/
bd thai /bo2 taj2/
di dit - /do5 k3t5/
va thoi [za2 £9j1/
ds vang/dol zan2/
di tac  /di2 tak5/
va bit  /zal bit5/
tho héc  /hol tok5/

i pcing
6 mbi
ca ling
hé doc
li bdc
hé dbe

ca dai

List B11

Word ~ Transcription
di that /dil ©5t5/
da cam /da2 kdm1/
/125 kak5/
16 bit /05 bat5/
la hong /1al hon2/
i thoe  /di2 £ok5/
6 cam /195 kdm1/
ma lat  /ma2 13t5/
va dang /zal digl/
md lai - /mol laj2/
di moi /di2 mojl/
thi hang/ €12 hogl/
hd thai /hal t'aj2/
da cde  /da2 kakl/

10 cdc

bi lée /bil 1ok5/
hovit  /hol zit5/
divoi  /dol z0j2/

bo viing/bol zin2/
bi thai /bi2 vajl/
V6 ting /295 tin2/

APPENDIX

List B22

Word — Transcription
thi ddt /eil d5t5/
ca dam ka2 ddm1/
td cde  /tab kok5/
1 bt /ta5 bot5/
56 lang /ho2 lanl/
th doc /12 dok5/
16 cam /195 kdm1/
ma lat  /ma2 13t5/
da vang /dal zagl/
16 mai /1ol maj2/
mi doi /mi2 dojl/
thi hing/t'i2 hogl/
tha hai /t’a5 haj2/
i dde ka2 dik5/
li bée /il bok5/
vo hit  /zo1 hit5/
dovéi  /do2 zojl/
v0 bing/ 751 ban2/
thi bai /12 bajl/
16 viing /195 zin2/
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Appendix C: Descriptive statistics of normative values for native listeners

APPENDIX

1. Descriptive statistics of the normative values in quiet across age groups. All values are
calculated in dB SPL.

Youths & Children

Older Adults

Adults

n (subjects/ears)
Mean

SD (SE)
Median

Min

Max

n (subjects/eats)
Mean

SD (SE)

Median

Min

Max

n (subjects/ears)
Mean

SD (SE)
Median

Min

Max

Four year-olds

24 / 44
37.2
5.12 (0.77)
35.8
27.5
475

15 to 20
22/ 42
29.9
2.45 (0.38)
30.2
24.4
34.5

55 to 65
20/ 26
35.8
3.31 (0.65)
34.7
29.5
40.7

Six year-olds
29 /51
31.8
2.51 (0.35)
32
244
35.7

21 to 30
24 / 45
29.4
3.41 (0.51)
29.7
21.9
34.5

66 to 75
20/ 35
40.4
3.18 (0.54)
40.7
33.2
45.7

Eight year-olds

21/ 37
31.0
2.54 (0.42)
30.7
23.7
34,5

31to 40
20/ 38
30.6
2.92 (0.47)
30.7
257
35.7

76 to 85
20 / 28
40.6
3.79 (0.72)
40.8
335
47
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Descriptive statistics of the normative values in noise across age groups. All values are
calculated in dB SNR.

Youths & Children

Older Adults

Adults

n (subjects/ears)
Mean

SD/SE

Median

Min

Max

n (subjects/ears)
Mean

SD / SE
Median

Min

Max

n (subjects/ears)
Mean

SD / SE
Median

Min

Max

Four year-olds

24 /43
-9.1
1.89 / 0.29
-9.5
-12.5
-4.5

15 to 20
22/ 44
-13.9
2.26 / 0.34
-13.8
-17.5
-9.3

55 to 65
20/ 35
-9.6
2.66 / 0.45
-10
-16
-4.8

Six year-olds

29 /55
11.7
2.22/03
115
16.8
7

21 to 30
24 / 47
-14.1
2.45/0.36
-14.5
-17.5
-7.9

66 to 75
20 / 37
-6.5
210/ 0.34
-5.5
-12.3
-3.3

Eight year-olds

21/ 39
-12.8
2.63 /042
-13
-16.8
-7.8

31to0 40
20 / 39
-13.8
2.30 / 0.37
-14.5
-17.5
-7.8

76 to 85
20/ 29
-6.4
2.50 / 0.45
-5.5
-10.5
-2.5
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Appendix D: Statistical values of AAST-a2 for non-native listeners

1. Descriptive statistics of AAST values in quiet across dialectal groups. All values are calculated
in dB SPL.

Adult Children

Older Adult

Groups

n (subjects/ears)
Mean

SD

Median

Min

Max

n (subjects/ears)
Mean

SD

Median

Min

Max

n (subjects/ears)
Mean

SD

Median

Min

Max

North

20 / 36
344
4.0 /0.74
34.5
24.7
42

21 /40
334
4.63 /0.73
34.5
25.7
40.7

18/26
40.6
571/ 1.12
41.4
30.7
48.7

Central South
19 / 36 27 / 47
38.5 32.2
2,95/ 0.49 2.02 /0.29
39.5 32
32 28.2
44.5 35.7
21/ 35 24 /43
33.6 29.7
4.09 / 0.69 3.1/047
33.2 30.7
24.4 23.2
40.7 34.5
18/29 17/30
38.8 37.1
3.61/0.6 3.54 / 0.65
38.2 37.3
33.2 29.5
45.7 43.2
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2. Descriptive statistics of AAST wvalues in noise

calculated in dB SNR

Adult Children

Older Adult

Groups

North
n (subjects/ears) 20/ 34
Mean -8.2
SD 2.73 / 0.47
Median -8.2
Min -15.3
Max -3.3
n (subjects/ears) 20 / 40
Mean -8.8
SD 2.64 / 0.42
Median -8.5
Min -15.5
Max -4
n (subjects/ears) 18/28
Mean -6.3
SD 2.7 /0.51
Median -0.3
Min -10.9
Max -2.5

across dialectal

Central

19 / 37
-6.1
1.54 / 0.25
-6.1
-9.3
-3.3

19 / 39
10.5
3.39 / 0.54
10
16
4

18/29
-7.4
23/0.43
-7.8
-11.5
-2.5

APPENDIX

groups. All values are

South

27 / 54
11.7
2.24 /03
115
16.8
7

24 / 46
-14.3
23/0.34
-14.5
-17.5
-8.5

17/32
-8.3
2.2 /0.39
-8.2
-12.3
-4.5
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Appendix E: Descriptive statistical values of SRT across subtests of AAST

Conditions

Quiet

Noise

n (subjects/ears)

Mean (dB SPL)
SD / SE
Median

Min

Max

n (subjects/ears)
Mean (dB SNR)
SD / SE
Median

Min

Max

al

21/ 36
37.4
4.22 /0.7
35.8
30.7
45.7

21/ 37
-8.3
3.04/0.5
-8.5
-15.5
-3.5

a2

19 /32
37.7
4.01/0.71
38.2
29.5
45.7

19 / 36
-7.7
2.71/0.45
-7.8
-14.5
-2.5

a3

23 /39
37.7
4.5/0.72
38.4
29.2
45.8

23 /30
-4.4
1.69/0.31
-4.5
-8.5
-1.9

a4

23 /43
36.1
4.38/0.67
35.8
26.2
45.5

23 /41
-8.3
3.17/0.5
-8.5
-14.5
-3.3

APPENDIX

aTP

22 /39
37.5
4.79/0.77
37.5
30.5
47.0

22 /36
-7.4
3.4/0.57
-7.0
-13.5
-2.5
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Appendix F: Word confusion matrix of native listeners in AAST-a2

1. Word confusion matrix by the children

300-

Scores

200 . ot
. fireworks
. glasses
100~ . pill
. wave
0-

Answer

. bag

' ' '
earth fireworks glasses pill wave
Stimulus names

2. Word confusion matrix by the young and adults

300-

200-

Scores

100-
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bag

Answer
. bag

. earth
. fireworks
. glasses
. pill

. wave

! !
earth fireworks glasses pill wave
Stimulus names

3. Word confusion matrix by the older adults

300-
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200-
. earth
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. glasses
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earth fireworks glasses pill wave
Stimulus names
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APPENDIX

Appendix G: Word confusion matrix of non-native listeners in AAST-a2

1. Word confusion matrix of the northern listeners

300-
Answer
200- B o3
0 . earth
@
'g . firawarks
n . glasses
100~ T
. wave
o-
bellg ealrth ﬂrewlorks glaslses pill we;\fe
Stimulus names
2. Word confusion matrix of the central listeners
300-
Answer
200- [ ¥
I . earth
@
'g . firewarks
2 . glasses
100- M
. wave
a-
bellg ealrth ﬂrewlorks glaslses pil\ we;\fe
Stimulus names
3. Word confusion matrix of the southern listeners
300-
Answer
200~ M o2
0 . earth
@
E . fireworks
® . glasses
100- o
. wave
0-

! | ' . ' '
bag earth fireworks glasses pill wave
Stimulus names
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Appendix H: Error rates and response matrix of native listeners for NAMES

1. Error rates and response matrix taken from the youth and the adults

Response
Onset wrong /k/ /d/ /t/ /1) [j/ /m/ /h/ /b/ /t'/ number % etror
/k/ 12 556 0 0 0 0 0 0 0 0 12/568 2.1
/d/ 2 0 983 2 0 0 0 0 7 0 9/994 1.1
/t/ 1 2 0 423 0 0 0 0 0 0 3/426 0.7
/1/ 1 0 0 0 709 0 0 0 0 0 1/710 0.1
/i/ 12 0 0 0 0 698 0 0 0 0 12/710 1.7
/m/ 0 1 0 0 0 0 423 0 2 0 3/426 0.7
/h/ 9 0 0 0 0 0 0 557 0 2 11/568 1.9
/b/ 0 0 1 0 0 0 1 0 566 0 2/568 0.4
/v/ 9 0 0 0 0 0 0 1 0 700 10/710 1.4
Response
Nucleus wrong /a/ /o/ /d/ /i) /3/ /4/ number % error
/a/ 8 1554 0 0 0 0 0 8/1562 0.5
/o/ 0 0 713 75 0 4 0 79/852 9.3
/3/ 12 1 4 1113 0 6 0 23/1136 2.0
/i/ 21 0 0 0 973 0 0 21/9% 2.1
/3/ 26 1 0 0 0 628 55  82/710 11.5
/a/ 3 0 0 0 0 3 420 6/426 1.4
Response
Tone wrong B1 A2 Al number % error
B1 30 1811 0 5 35/1846 1.9
A2 65 2 1778 1 68/1846 3.7
Al 16 0 1 1971 17/1988 0.9
Response
Coda wrong /k/ /y/ [j/ /t/ /m/ number % etror
/k/ 1 701 0 0 8 0 9/710 1.3
/9/ 17 0 693 0 0 0 17/710 24
/i/ 0 0 0 710 0 0 0/710 0.0
/t/ 1 27 0 0 398 0 28/426 6.6
/m/ 20 0 1 0 0 263 21/284 7.4
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3. Error rates and response matrix taken from the older adults

APPENDIX

Response
Onset wrong /k/ /d/ /t/ /1) [Jij/ /m/ /h/ /b/ /¢/ number % error
/k/ 33 479 0 0 0 0 0 0 0 0 33/512 6.4
/d/ 50 0 840 0 0 0 0 0 5 1 56/896 6.3
/t/ 10 1 0 372 0 1 0 0 0 0 12/384 3.1
/1/ 0 0 0 635 0 0 0 0 0 5/640 0.8
/i/ 9 0 0 0 0 631 0 0 0 0 9/640 1.4
/m/ 30 0 0 0 0 0 350 0 4 0 34/384 8.9
/h/ 170 1 0 0 0 0 0 329 0 12 183/512 35.7
/b/ 10 0 1 0 0 0 1 0 500 0 12/512 2.3
/t/ 7 0 0 0 0 0 0 0 0 633  7/640 1.1
Response
Nucleus wrong /a/ Jo/ /d/ Ji/ /3/ /i/ number % error
/a 16 1392 0 0 0 0 0 16/1408 1.1
/o/ 10 0 742 13 0 3 0 26/768 3.4
/3/ 17 0 1 1002 0 3 1 22/1024 2.1
/i/ 16 0 0 0 880 0 0 16/896 1.8
/3/ 18 0 0 0 0 615 7  25/640 3.9
/a/ 8 0 0 0 0 0 376 8/384 2.1
Tone wrong B1 A2 Al  number % error
B1 42 1622 0 0 42/1664 25
A2 41 0 1623 0 41/1664 2.5
Al 14 0 1 1777 15/1792 0.8
Response
Coda wrong /k/ /y/ /i/ /t/  /m/  number % error
/k/ 6 631 0 0 3 0 9/640 1.4
/9/ 24 0 616 0 0 0 24/640 3.8
/i/ 0 633 0 0 7/640 1.1
/t/ 4 4 0 376 0 8/384 2.1
/m/ 14 0 0 0 242 14/256 55
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Appendix I: Error rates and response matrix across dialectal groups

1. Error rates and response matrix of the Northern listeners

APPENDIX

Response
Onset wrong /k/ /d/ /t/ /1) /i/ /m/ /h/ /b/ /t'/ number % ettor
/k/ 0 160 0 0 0 0 0 0 0 0 160/160 0
/d/ 1 0 279 0 0 0 0 0 0 0 1/280 0.4
/t/ 2 0 0 118 0 0 0 0 0 0 2/120 1.7
/1/ 3 0 0 0 197 0 0 0 0 0 3/200 1.5
/i/ 19 0 0 0 0 181 0 0 0 0 19/200 9.5
/m/ 2 0 0 0 0 0 118 0 0 0 2/120 1.7
/h/ 16 0 0 0 0 0 0 144 0 0 16/160 10.0
/b/ 1 0 0 0 0 0 0 0 159 0 1/160 0.6
/t/ 1 0 0 0 0 0 0 0 0 199 1/200 0.5
Response
Nucleus wrong /a/ /Jo/ /d/ [/i/ /3/ /4i/ Number % error
/a/ 1 439 0 0 0 0 0 1/440 0.2
/o/ 5 0 235 0 0 0 0 5/240 2.1
/o/ 18 0 0 302 0 0 0 18/320 5.6
/i/ 30 0 0 0 250 0 0 50/280 10.7
/3/ 10 0 0 0 0 190 0 10/200 5
/4/ 0 0 0 0 0 0 120 0/120 0
Response

Tone wrong Bl A2 Al number % error

B1 23 497 0 0 23/520 4.4

A2 33 0 487 0 33/520 6.3

Al 8 0 0 552 8/560 1.4

Response
Coda wrong /k/ /y/ /j/ /t/ /m/ number % errot

/k/ 4 196 0 0 0 0 4/200 2
/n/ 38 0 162 0 0 0  38/200 19
/i/ 1 0 0 199 0 0 1/200 0.5
/t/ 4 0 0 0 116 0 4/120 3.3
/m/ 10 0 0 0 0 70 10/80 12.5
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2. Error rates and response matrix of the Central listeners

APPENDIX

Response
Onset wrong /k/ /d/ /t/ /1) [i/ /m/ /h/ /b/ /t'/ number % error
/k/ 4 164 0 0 0 0 0 0 0 0 4/170 2.4
/d/ 0 0 294 0 0 0 0 0 0 0 0/294 0.0
/t/ 2 0 0 124 0 0 0 0 0 0 2/126 1.6
/1/ 1 0 0 0 209 0 0 0 0 0 1/210 0.5
/i/ 22 0 0 0 0 188 0 0 0 0 22/210 10.5
/m/ 5 0 0 0 0 0 120 0 1 0 6/126 4.0
/h/ 4 1 0 0 0 0 0 163 0 0 5/168 3.0
/b/ 0 0 0 0 0 0 0 0 168 0 0/168 0.0
/t/ 1 0 0 0 0 0 0 0 0 209 1/210 0.5
Response
Nucleus wrong /a/ /o/ /3/ /i/ /S/ /a/ number % error
/a/ 3 459 0 0 0 0 0 3/462 0.6
/o/ 1 0 247 4 0 0 0 5/252 2.0
/d3/ 3 0 7 326 0 0 0 10/336 3.0
/i/ 23 0 0 271 0 0 23/294 7.4
/3/ 14 0 0 0 0 195 1 15/210 6.7
/a/ 0 0 0 0 0 0 126 0/126 0.0
Response
Tone wrong Bl A2 Al number % error
B1 13 533 0 0 13/546 2.4
A2 31 0 515 0 31/546 5.7
Al 5 0 0 583 5/583 0.9
Response
Coda wrong /k/ /y/ /j/ /t/ /m/ number %error
/k/ 0 209 0 0 1 0 1/210 0.5
/9/ 58 0 152 0 0 0  58/210 27.6
/il 0 0 210 0 0 0/210 0.0
/t/ 7 0 0 113 0 13/126 5.8
/m/ 4 0 0 0 0 80 4/84 4.8
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3. Error rates and response matrix by the Southern listeners

APPENDIX

Response
Onset wrong /k/ /d/ /¢ /) /i/ /m/ /h/ [/b/ /t'/ number % ettror
/k/ 45 1035 0 0 0 0 0 0 0 0 45/1080 4.2
/d/ 52 0 1823 2 0 0 0 0 12 1 67/1890 3.5
/t/ 1 3 0 795 0 1 0 0 0 0 15/810 1.9
/1/ 6 0 0 0 1344 0 0 0 0 0 6/1350 0.4
/i/ 21 0 0 0 0 1329 0 0 0 0 21/1350 1.6
/m/ 30 1 0 0 0 0 773 0 6 0 37/810 4.6
/h/ 179 1 0 0 0 0 0 886 0 14 194/1080 18.0
/b/ 10 0 2 0 0 0 2 0 1066 0 14/1080 1.3
/t'/ 16 0 0 0 0 0 0 1 0 1333  17/1350 1.3
Response
Nucleus  wrong /a/  Jo/ /Ja) Ji/ /3/ Ji/ number  error
/a/ 24 2946 0 0 0 0 0 24/2970 0.8
/o/ 10 0 1515 88 0 7 0 105/1620 6.5
/d/ 29 1 5 2115 0 9 1 45/2160 2.1
/i/ 37 0 0 0 1853 0 0 37/1890 2.0
/3/ 44 1 0 0 0 1243 62 107/1350 7.9
/a/ 11 0 0 0 0 3 796 14/810 1.7
Response
Tone wrong B1 A2 Al  number % error
B1 72 3433 0 5 77/3510 2.2
A2 106 2 3401 1 109/3500 3.1
Al 30 0 2 3748  32/3780 0.8
Response
Coda wrong /k/  /y/ /j/ /t/ /m/ number % error
/k/ 7 1332 0 0 n 0 18/1350 1.3
/9/ 41 0 1309 0 0 0 41/1350 3.0
/i/ 7 0 0 1343 0 0 7/1350 0.5
/t/ 31 0 0 774 0 36/810 4.4
/m/ 34 0 1 0 0 505 35/540 6.5

148



APPENDIX

Appendix J: Distribution of individual values in SRTs and duo-tone thresholds

1. Distribution of individual values in correlation between speech thresholds and duo-tone
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2. Distribution of individual values (speech thresholds minus duo-tone thresholds)
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3. Correlation between SRT's quiet and SRT's noise
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Appendix K: SRT values and duo-tone thresholds in different ambient noise levels

The exacerbation of duo-tone and speech threshold corresponds to enhancement of ambient noise
level from a group of 22 German adult listeners. The speech thresholds are intact as ambient noises
are between 30 and 35 dBA, whereas the speech threshold are explicitly elevated in the noise levels
over 40 dBA. Collected at IfAP, April 2016
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APPENDIX

Appendix L: A comparison between AAST-Vietnamese and AAST-German

Descriptive statistical values of AAST in Vietnamese compare with AAST in German. AAST-a2 is
used to collect data in Vietnam, while AAST-VN (new version of a2) is used in Germany. The results
showed a congruity in the speech thresholds between AAST-DE and AAST-VN as the data of
AAST-VN were gathered in Germany; otherwise, there was a small difference roughly 1.5 dB due to
ambient noise in Vietnam. All values are calculated in dB SPL.

o

9 AAST-DE  AAST-VN AAST-22

g (Germany) (Vietnam)

T n(ears) 19 35 45

é Mean 27.7 28 29.4

S  SD(SE) 2.2 (0.52) 1.61(0.28) 3.41 (0.51)

& Median 275 275 29.7

g Min 22.5 23.8 21.9
Max 313 30 34,5
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Appendix M: Children with the performances of AAST
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