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Abstract

This paperpresenta completemethodologyandrationalefor the subjectve intelligibility testingof Chinesespeechlt replaces
the combinationof several previously publishedChineseintelligibility testswhich have beenin usefor almosta decadewith a
single compositetestprocedureconstructedrom a foundationof subjectve trials and auditory evidence.Sincepublicationof the
rst elementsf Chineseintelligibility test,several factorshave cometo light which promptedthis overhaul.Firstly, international
testing has highlightedwords usedin the original test that are unsuitablefor spealers of particularregional dialects.Secondly
recentevidenceindicatesthat the assumption®f tonal confusionmadeduring the de nition of the original tonal intelligibility
testsarenot borneout by subjectie evidence.Finally, words publishedin the original testdisadantagedspealersfrom Mainland
China due to the use of full-form Chinesecharactersrather than the more ubiquitoussimpli ed form charactersThis paper
presentsxperimentalevidenceof tone confusionin Chinesespeechand usesthis datato createa replacementone test. Word
choice has beenadjustedto nd more neutral alternatves for particular regional dialect spealers. The basic speechand tone
extensiontestsare now presentedvith simpli ed form charactergdo ensureaccessibilityby the greatesthumberof testsubjects.
Finally, this paperincludesa descriptionof the full intelligibility test.
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Subjectve intelligibility testingof Chinesespeech

I. INTRODUCTION

PEECH processingtechnologiesunderpin an important

aspectof daily life for millions of peopleworldwide, par
ticularly throughcellular communicationsjnternettelephory
and video conferencing.Even the humble POTS telephone
network is increasinglyrelying on digital coding. Plans by
British Telecomto turn off the analoguetelephonenetwork
in the next few yearsare likely to be replicatedelsavhere
andleadto all-digital telecommunicationdMeanwhile despite
nearsaturationin seseral Westerncountries,adoptionof cel-
lular telephonesontinuesunabatedvorldwide.

Coincidentwith this backdropis the rise of China as an
economicsuperpwer, andthe resultingadoptionof personal
telecommunicationsechnologyamongthe 1.3 billion strong
population.Already, ratesof cellular telephory ownershipin
Chinaaresigni cant, andalongwith internetuse,continueto
grow rapidly. In all likelihood, therewill sooncomea time
whenthemajority of worldwide speectprocessings operating
on Mandarin speech. From a commercialviewpoint, Man-
darin speechcommunicatioris likely to constitutethe worlds
largesttelecommunicationsarlket.

At present,there are mary standardsfor assessingthe
quality and intelligibility of speechcorveyed by a network
or processedby a speechhandlingsystem,with seseral being
enshrinedn ITU or ANSI standardsmostparticularly ANSI
standardS3.2[1].

In general,methodsof speechtestingare classedas being
either subjectve or objective: requiring a group of human
listeners,or conductedby automatedsystems,respectiely.
Testsdetermineeither quality (how nice the speechsounds)
or intelligibility (understandin@f the itemsspolen): different
communicationsystemsendto aim towardsoptimisationof
eitheroneor the other but not both. For example,emegeng
servicecommunicationgequireshigh levels of intelligibility
whereashroadcastudio servicestendto sell betterif quality
is high.

Reasonableautomatedquality measuressuch as PAMS,
PESQand PSQM already exist, but intelligibility testingis
particularly challengingto assesghrough automatedmeans,
andthus humanlisteningtestsare often required.The speech
transmissionindex (STI) and relatedautomatedmethods[2]
are promising, but have not yet been proven capable of
completely replacing traditional subjectve testing. One of
the more common subjectve methods,mentionedin ANSI
S3.2, is the diagnostic rhyme test (DRT), an A/B forced
comparisontest basedon word pairs differing by a single
attribute (seesectionlll) [1]. This method originally published
in 1983 by Voiers[3], hasbeenusedby the authorfor mary
years,and generallyfound to demonstrategood repeatability

1Theterm Mandarin'is often usedto referto the majority Chinesedialect,
andis usedinterchangeablyvith the term “Chinese'in this paper

and accurag. However the testis only de ned for English
speech1] (in factit is a subsetof this: English speechwith
an American accent).Quality tests, by contrast,tend to be
languageindependent.

In 1999,themethodologydescribedy Voiersin theoriginal
de nition of the DRT was repeatedn a Chinesecontet, to
generatea Chinesediagnosticrhyme test (CDRT) [4]. This
has since been used in the evaluation of the GSM 06.10
speechcoder[5] [6] and ITU G.728[7] for corveyance of
Mandarin speech.Resultsfor both codecsindicate slightly
poorerperformancecomparedwith their handlingof English
speech.Such evidencehas beenusedto proposethe devel-
opmentof speechcodecsthat are speci cally optimisedfor
handling Mandarin, in contrastto the majority of codecsin
use today which are predominantlyEuro-centric:originally
developedusing English or Frenchspeechand optimisedfor
thoselanguages.

Despitethe developmentof a DRT for Mandarin speech,
there are major differencesbetween Chinese and English
(discussedn sectionll) which were not well cateredfor in
the methodologyof the test. Thesepromptedresearchwhich
led, in 2001,to a proposedextensionof the CDRT to caterfor
tonediscriminationeffects[8]. The CDRT-tonewasthenused
to evaluatethe tonal transpareng of several speechcodecs
including GSM 06.10, and used to proposeimpravements
to the pitch handling mechanismin the GSM RPE coder
speci cally for MandarinspeecH?9].

In the original de nition of the CDRT-tonetest,the precise
choiceof tonecombinationaisedin the testwasbasedupona
visualexaminationof the averagetone-trackplottedfor several
hundredspolen Chinesecharactersithose tracks exhibiting
trajectorysimilaritieswere consideredo be more easily con-
fused,andthereforeincludedin thetest.In fact, new datanow
revealsthatthe humanperceptionof tone doesnot necessarily
follow a physicalinterpretatiorof thetonetracks.The original
assumptionslo not matchthe experimentalevidence andthus
the CDRT-Tonetestis not at all optimal. This paperpresents
new experimentalevidence,constructsa replacementest,and
evaluatesthe result.

Experiencewith the existing Chinesentelligibility testshas
highlighted a numberof shortfills, and thus a New Chinese
DiagnosticRhyme Test (NCDRT) is proposedgxplainedand
evaluatedin this paper Sectionll will discussthe featuresof
the Mandarin Chineselanguageand identify areasof differ-
encecomparedo English.Sectionlll discusseshe (English)
diagnosticrhyme test procedure methodologyand rationale.
Section IV then presentsexperimental and human factor
evidencerelatingto the previously publishedChinesdanguage
intelligibility tests,while sectionV discussegonstructiorand
performanceof the compositereplacementest, comprising
NCDRT partl for phonemeintelligibility andNCDRT partll
for tonal intelligibility. The test methodologyis describedin



sectionVI whilst sectionVIlI concludesthe paper

Il. MANDARIN CHINESE SPEECH

RITTEN Chineseconsistsof a sequenceof unique

pictograms called characters.Each characterhas a
particular meaningand pronunciation,and may exist alone,
or be aggreatedinto compoundstringsto provide a different
meaning.In written sentenceghereis often no typographi-
cal separatiorbetweenneighbouringcharacterscontext and
readerexperiencealone determinewhen charactersare to be
interpretedsingly, whenthey areto be groupedandif sohow
large is the grouping.

Many characterdhave several meaningswhich may be to-
tally unrelatedparticularlyin the caseof the simpli ed jianti-
zi form charactersusedin the Peoples Republic of China
(PRC) and elsavhere. Theseare derived from the traditional
fanti-zi or full-form, characteran usein Taiwan and Hong
Kong, through a method of simpli cation that reducedthe
numberof penor brushstrokesrequiredfor writing them.

Many of the simpli cations resultedin totally different
comple characterdeingreducedo identicalsimpli ed char
acters,however the pronunciationbetweenthe two character
forms (and meaningsyemainedunchangedFor thesecharac-
ters,andseveral others,two or morealternatve pronunciations
exist. The majority, however, supporta single pronunciation.

We now considersomeof the major differencesbetween
English and Chinese speech,which relate to the issue of
intelligibility testing.

1) Firstly, all charactersare monosyllabic.Thuswordsthat
consist of a single characterare also monosyllabic.
Words or phrasesconsistingof two charactersare bi-
syllabic: three characterwords are tri-syllabic and so
on. So we can considerthe syllable as the basic unit
of spolen Chinese,and specify the phoneticproperties
further [10] [11] [4]. The monosyllabicnature of the
languagemay be an advantagein intelligibility testing,
comparedio English. For example,the DRT, describes
only a small subsetof possible English words, but
probably a much larger proportion of Chineseword
sounds.

Secondly eachsyllable consistsof a consonant-ewel-

consonan{CVC) structure althoughin a few caseshe
initial consonantis missing (null), and in mary cases
the nal consonantis missing. The nal consonantis

alwaysnasal(N), beingeither/n/ or /ng/. Syllablesexist

that conformingto all combinationsof CVN, CV, V and
VN, with atotal of about415 permutationsallowed [4]

(although[11] mentionsonly 408).Initial consonanand
vowel (including the optional nal consonantpelongto

the allowed setlistedin tablel. Note thatthis shows the
Chinese&PhoneticAlphabet(CPA) transcriptiomnormally
used for the haryu pinyin romanisationof Chinese
characterq10]. A corversion table betweenthe CFA

and the InternationalPhoneticAlphabet (IPA) is given
in [4].

2)

TABLE |
CHINESE PHONETIC ALPHABET TRANSCRIPTION OF ALLOWED VOWELS
AND CONSONANTS, WITH VOICED CONSONANTS SHOWN IN BOLD

Initial consonants
b p m f d t n

| g k h j q X
zh ch sh r z c S
Vowels

a 0 e i u u ao
lie uei uai iao ua ei ie
ai ou iou ia uo ang eng
ing en ong ion in uang ian
ueng uan dan an iang uen un
TABLE 1
CHINESE TONES
tone description pitch representation
tonel high tone 55 (53 beforea neutral)
tone2 rising tone 35
tone3 dippingtone 214 (21 beforea neutral)
tone4  falling tone 51

The lack of voiced consonantds an attribute shared
by English, but the effects will be more pronounced
in Mandarin Chinese.In particular becauseunvoiced
consonantsare spolen with lower averagepower than
otherphonemeg12].

Relatingbackto written charactergor a moment,given
that an estimated13,000 different charactersexist in
written Chinese,with only 415 phoneticpermutations,
it follows that Chinesefeaturesa very large numberof
homophones.

Thethird major differencebetweenChineseandEnglish
is in the useof tonalinformation. Eachspolen Chinese
syllable is identi ed by the combinationof phonetic
andtonal attributes.Neitheraloneis generallysuf cient
to identify a particular word. For example, the same
syllable /ma/ can have meaningsas diverseas “horse’,
“mother’, "numb’, “linen', “scold' or could indicatethat
theprecedingphrasewasutteredasa questionwith each
meaningdifferentiatedby tone.

3)

In Mandarin there are four distinct lexical tones plus a
neutral tone often describedas lack of tonal contour [13].
Eachtonehasa particularpitch contour or track, thatde nes
it's catgyory. Tone 1 has a high-level frequeng, tone 2 is
mid-rising (meaningit startsat a middle frequeng with an
upward trajectory),tone 3 is mid-falling-rising andtone 4 is
high-falling. Evidently descriptve words such as ‘mid' and
“high' relate to perceptionrather than a particular physical
measurementhut it could be amguedthat thesetermsare to
be understoodin relation to the averagepitch frequeng of
an utteranceln fact, a numericmethodof representingone
dating from the 1930sis presentedn [14], wherethe pitch
rangeis divided into ve levels, with 1 being the lowest, 3
being mid-rangeand5 the highest.In this way, the tonescan
be describedby a sequencef pitch levels as shavn in table

Spolen Chinesecontainseven fewer voiced consonants Il.

thanEnglish,andtheseare presentedn tablel, in bold.

Smoothedpiitch-frequeng contoursof the four tonesare



dravn in Fig. 1, with they-axisrepresentingrequeny andthe
x-axis representindgime (from datapresentedn [15]), andthe
shapesanbe comparedo the numericalpitch representations
of tablell. It shouldbe notedthat signi cant deviationsfrom
averageoccut evenfor repeateditternacedy asinglespealer.

Applying tone to the example syllable used previously; it
is now possibleto better differentiatemeanings:thus /mal/
means mother', /ma2/ means numb', /ma3/ means horse',
/ma4/ means ‘scold' and the neutral /ma/ is the second
syllable of the compoundbi-syllabic word meaning mother'
(/mal//ima/). Such an example con rms the degree of im-
portanceof tone in Mandarin Chinese,in completecontrast
to English which may use tone to corvey emotion, but not
normally to distinguishword meaning.

The neutraltoneis far lessimportantin its tonal presenta-
tion, and hasbeencharacterisedi14] asbeing half-low when
following tone 1, middle-level when following tone 2, half-
high when following tone 3 and low when following a tone
4. Note in table Il that sometoneswill changeslightly if
precedinga neutral, and the neutral will then follow this
adjustedtonal endpointof the precedingtone.

In fact the contet-sensitve natureof tonal pronunciation
extendsto two further casescalled the rules of tone sandhi,
affectingtone3 whenspolenin combinationwith othertones.
In continuousspeechtone 3 hasthe mostdiverseshapeof the
Chinesetones([16], in that it is spolen astone 2 whenit is
followed by anotherinstanceof tone 3, and changedo a low
level whenfollowed by an instanceof tone 1, tone 2 or tone
4. From table |l it canbe seenthat the nal rise is also not
presentwhentone 3 is followed by a neutraltone, and thus
the only time whentone 3 is uncorruptedis whenit is spolken
eitherin isolationor in an utterance- nalposition[14].

Tone 3 is thus different when presentedn isolation com-
paredto whenit is juxtaposedin speech[17], and this fact
is particularly signi cant since the DRT test, as we shall
seein the next secion,usessingle words to determinethe
intelligibility of speechratherthan continuoussentences.

I11. DIAGNOSTIC RHYME TEST

NSI S3.2is intended“for usein measuringhe intelligi-

bility of Englishspeech”describinga diagnosticrhyme
testin which a numberof trainedspealersreada list of words
which are presentedo listenersboth directly and throughan
audio handlingsystemundertest. The differencebetweenthe
two providesinformationregardingary degradationcausedyy
that system.

The DRT testmaterialcomprisesa word list of 96 rhyming
pairssuchas /bat/,/hat/. Eachof thesel92 wordsis spolen
in randomorder One set of words is usedas a reference,
while the other setis passedthroughthe systemundertest.
A panelof listeners,who have beentrainedto a plateau,are
then presentedwith the 384 words (192 referenceand 192
processedin randomorder andfor eachword arerequiredto
indicatewhatthey heard.They aregivenanA/B forcedchoice
consistingof the spolen word and its rhyming pair. In DRT,
the words of eachpair differ only in their initial consonant
(a morelengtty sistertest,the modi ed rhyme test,or MRT,

usesa similar methodfor a six-alternatve forced choice,with
half the word setdiffering by nal andhalf differing by word
initial).

In the DRT, the proportion of correctly identi ed words
is tallied for both the referenceand the processedset. In
generakerms,atestsystemthat degradesthe audiominimally
will yield a similar percentageof correctresponsego that
exhibited for the referencewords. A systemthat signi cantly
degradesthe audio will display a far lower percentageof
correctresponseshan are exhibited for the referencewords.
DRT word pairs are divided into six classesbasedupon the
phonetic attribute that differs betweenthe alternatve initial
consonants with the perclassresult breakdevn providing
greaterinsight into the delity of several different parts of
speechhandledby the systemundertest.

In typical testingscenariossubjectsaretrainedto a plateau
in adwanceby prependinga selectionof the rhyming pairs
to the start of the test, presentingthese for testing, but
not including the answersin the analysisresults. A set of
calibrationtrials is usually performedprior to the actualtest
to determinethe optimum speechamplitudeto be presented
to listeners.

The CDRT is similar to the DRT, apartfrom the use of
recorded Chinese words, and the presentationof Chinese
charactergor haryu pinyin, the standarghonetictranscription
usedin PRC and elsavhere)for the scoring. Obviously both
the spealers and the listenersshould be familiar with the
languageunder test. The choice of phoneticattributes used
in the original CDRT testaregivenin [4].

The CDRT-Tone extension[8] usesthe DRT methodology
to evaluatetone discrimination;but insteadof rhyming word
pairs differing by initial consonantthe words differ in their
tone. Thus /ma3/,/ma4/ would constitutesuch a pair. In
total, four groupsof tentonepairswereincludedin the original
publishedests,choserfrom anexaminationof the pitch tracks

of variouscharactersas statedhere[8]:
“Accordingto the similarity of pitch heightandcontouramong

thefour Chineseones four catgories tonel-tone2 , tone
1-tone3 , tone2-tone3 and tone3-toned4 arechosen
to form the basisof the toneintelligibility test”

In the underlyingwork [18] usedto derive the CDRT-Tone,

examinationof tone tracks, similar to those plotted in Fig.
1, wereusedto determinevisual similarities betweenplots of
spolentonetracksusingsereralattributes. Thesearepresented
in tablelll, shawving thatthe rst threechosentestcateyories
of tonel - tone2, tonel - tone3, tone2 - tone3
displaya marked similarity andwerethusreasonablassumed
to be susceptibléo confusion.The tone3 - tone4 category
however shouldprobablyhave beenreplacedaccordingto the
table)by tonel - tone4 , andin factthe empiricalevidence
of sectionlV bearsout sucha conclusion.The useof tone3
- tone4 wasdueto initial tonecontoursimilarity [8], in that
tone3 andtone4 arethe only tonesto exhibit a tonetransition
from high to low, andwerethusassumedo be more proneto
confusion.

While therationalefor the testchoicewaslogical, evidence
indicatesthat humansdo not confusetonesstrictly according
to the physical criteria used.In fact several studiesindicate
that the location of the turning point in the pitch contouris
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Fig. 1. Averagedidealizedpitch contourplots for the four Chinesetonesby a male spealer of isolatedwords, from datain [15]

TABLE 1lI
VISUAL SIMILARITY OF CHINESE TONE PITCH CONTOURS

Heardas: | Tonel Tone2 Tone3 Tone4
Tone 1 spolen h c c h
Tone 2 spolen c - ch -
Tone 3 spolen c ch -

Tone 4 spolen h -

h: similarity in pitch height
c: similarity in pitch contour
-1 no signi cant similarity

a particularly importantfeaturein the discriminationof tone
[19] asis the relative pitch betweenonsetand turning point
[20]. Durationalsoplaysa part[21], andnoneof thesefeatures
hadbeenconsideredn the CDRT-tone design.While relative
pitch discriminationin humanscan be good, it seemsthat
rising tonesarein generalmoredif cult to discriminatethan
falling tones[14]. This lastfactwassubstantiatetdy Klatt [22]
who reportedan unpublishedexperimentby Victor Zuewhich
progressiely attened the tonal contoursof a synthesised
word while measuringsubjectve tone confusion,until, with a
97.5%reductionin tonegradient,the two rising tones tone2
- tone3 , becameaalmostindistinguishablewhereaghe tone
1 - tone4 differenceremainedidenti able.

Severalotherstudieshave investigatedthe confusionof Chi-
nesetoneunderlessextremelevels of distortion.In particular
the 1976 study by Howie [15] reportedextensie resultson
34 representatie syllablesof nine basic types. Although in
mary casesthe confusionresults given were clearly within
the mamgins of error, therearethreeresultsworth highlighting
from the 12-listenertests on the presentationof a single-
spealer syntheticword /bao/.

Firstly that tone 1 - tone 4 confusion, missingin the
original CDRT-Tonetest,is seenin the Howie data[15] albeit
at a low level, and thus probably should be includedin ary
test of tonal intelligibility. Secondlythat, tonel - tone 3
and tone3 - tone4 confusion,comprisingonethird of the
original CDRT-Tone test, was almost non existant when the
words were not vocoderprocesseddistorted).

Finally, and most importantly is the issue of tone 2 -
tone3 confusion.In atestrepeatedvith andwithout carrier

sentenceg(Zhei4 ge zi, shi Lao3 Li3 xie3 de) [15], the
confusionrate of tone 3 as tone 2 increasedby a multiple
of 13 (by contrastthe confusionof tone 2 as tone 3 barely
changedput was eclipsedby the confusionof tone 2 astone
1). In factthis is dueto theissueof tonesandhi(seesectionll)

— whenthe toneof the word undertestwasadjustedat will to
performthetest,thecarriersentenceemainedunchangedhus
resultingin a sentencehat was “never heardin real speech”
[15].

ShenandLin [23], in a precursorto their 1993 paper[19],
consideredones2 and3 which they believed moreconfusable
due to their similar concae shapes.When attempting to
recreateearlier reported test results which shaved tone 3
mistalen astone 2 to be more prevalentthantone 3 mistaken
astone 2, they obtainedresultscontraryto expectationsThis
may be a classicissue of tone sandhi, but even so, their
signi cant datapointsderivedfrom justthreespeci c syllables
which were often misidenti ed. Their conclusionbeing that
sincesomewords are inherentlymore confusiblethan others,
they had simply chosena different word set to the earlier
experimentersand thus obtaineddifferent results.

Clearly the confusion expectationsused in the original
CDRT-Tonetestdesigndo not matchthe publishedevidence,
andfurthermorethe publishedevidenceitself differs markedly
dependinguponthe type of distortion presenteffectsof tone
sandhievident with the use or non-useof a carrier sentence,
andthe particularwords chosenfor the smallertests.

A new tonetestwill thereforeconstructedbe in sectionV.
This will now testall combinationsof tone confusion,and
will do soin a proportionbasedon subjectie evidence.The
subjectve evidence obtainedn sectionlV, will bebasedupon
single DRT-style words presentedndividually and thus free
from the effectsof tone sandhi.The testcorpuswill comprise
a large numberof words,chosenacrossthe differentphonetic
groupsandwill becorruptedby additive auditorynoise,rather
thanvocoderstyle tonal manipulations.

IV. NEW EVIDENCE

N orderto evaluatetone confusion,a setof 260 Chinese
words were chosenacrossthe four non-neutraltones,and
encompassing/arious word stucturesincluding consonants,



TABLE IV
SPOKEN CHINESE TONE WORDS INCLUDED IN LISTENING TEST

tones instances| structureinstances
tonel 76 CVv 71
tone2 59 CVN 64
tone3 59 VN 14
tone4 66 CGV 91
CGVN 20

vowels, nasalsand glides CV, CVN, VN, CGV, CGVN as
shawvn in tablelV.

The criteria for testword choicewasto include commonly
usedcharactersandin particularhomophonespanningeach
of the four non-neutraltones(in this instance word' refers
to the haryu pinyin romanizationexcluding tone). Characters
were presentedso that otherwiseidentical words were pre-
sentedseveral times but with different tone, such as /mil/,
/mi2/, Imi3/ and /mi4/. For somewords, commoncharacters
could not be found to spanall four tones(as judged by a
panelof native Chinesespealers),andin suchinstancespnly
the two or threeinstancesof the word in commonuse were
includedin thetest.To compensatesomewordswereincluded
more than four times where commonexamplesof the same
word could be found. For example, two instancesof /bal/
and one eachof /ba2/,/ba3/and/ba4/- eachrepresentinga
different Chinesecharacter On average,slightly more than
four presentationperword were achieved. With the intention
of measuringhe degreeof percevedtonal confusionbetween
eachpair of tone possibilities, the test thus spannecthe six
possibletone pairs:

tonel - tone?2
tonel - tone3
tonel - tone4
tone2 - tone3
tone2 - tone4
tone3 - tone4

The test material was prependedby a set of training
words and spolen by an announcerchosenon the basis of
demonstratedonal clarity, and recordedto computer The
female announcemwas from mid-China, and spole standard
Mandarin. White Gaussiannoise was addedto the speech
in various deggrees of signal-to-noiseratio (SNR), and an
initial calibration test run performedwith a group of ve
Chinesespeakinglistenersto determinethe optimum level of
SNRrequiredto provide approximatelyl0%to 20%incorrect
recognitionrate,andto prove the experimentalmethodology
consistingof a pencil-and-papetest conductedindividually
through headphonesFor the main test, symphonic music
(Liang ShanBo he Zhu Ying Tai [24]), was usedto corrupt
the speechat a sgmentalsignal-to-noisdevel equivalent to
thatdeterminedhroughthe calibrationtests More speci cally,
the power of each individual uttered word was measured,
comparedo the power of noisein the region to which it was
to be added,andthenampli ed to obtainan SNR asspeci ed
by theinitial calibrationtests.In thisway, the SNR of eachtest
word wasindividually normalizedagainstthe corruptingnoise
before presentatiorto listeners.White noisewas not usedin

TABLE V
CHINESE TONE CONFUSION TEST RESULTS

Heardas: | Tonel Tone2 Tone3 Tone4
Tone1l spolen | 90.77 3.96 0.45 3.83
Tone 2 spolen 3.74 90.79 1.32 3.58
Tone 3 spolen 1.92 0.92 92.61 0.22
Tone 4 spolen 4.84 3.81 0.36 90.43

orderto reduceeffectsof listenerfatigueover thelengthy test.
A second ve-personcalibrationtest using the samematerial
was performedto ensurethat the use of non-white noise did

not affect tone discriminationin ary signi cant or consistent
manner

For the main test, one hundredChinesespeakingvolunteer
listeners,approximately21 years old, were each presented
with the words, spolen in randomorder and given a forced
choice answersheet. Listenerswere not paid for the tests,
reportednormalhearing,andwerefamiliarisedwith the proce-
dureprior to testcommencemeniThe condensedesultsfrom
thistest,in termsof confusionbetweerspolenandheardtone,
areshown in TableV andplottedasa bar chartin g. 2.

It can be seenthat tone 3 is the most easily recognised
tone (aswaspredictedin [8] dueto it's large shapedifference
comparedo othertones),correctin approximately2% more
casesthan ary othertone. However if we examinethe most
confusedsetsof tones,thesedo not matchup with the other
predictionsmadein [8].

To examinefurther, the rst columnin tableVI shows the
overall percentageonfusionof the varioustonesin the test,
and is presentedn decreasingorder of most confusedtone
pairs.Thefour tonepairsincludedin the original CDRT-Tone,
namely tonel - tone2 , tonel - tone3 , tone2 - tone
3 and tone3 - tone4 , aregivenin bold.

It is quite clear that three of the CDRT-Tone testedcate-
gorieswereactuallythe leastconfusedone pairsandfurther
more, the pair that is most likely to contritute to misunder
standingis omitted entirely from the original CDRT-Test.

V. TEST CONSTRUCTION

HE basicCDRT testhasnow beenwell usedworldwide

for mary years, and whilst indications have generally
been positive regarding repeatability and word choice, the
original testwas presentedndpublishedin fanti-zi (full-form
characters)4] which are not generallytaughtin the PRC,
Singaporeor Malaysia. This paperhasthus convertedthe test
materialto the far morewidely usedjianti-zi simpli ed form.
The pronunciation,and henceharyu pinyin romanizationare
maintained,however sincethe charactersare now accessible
to a far wider readershipthey allow for a greaterchoice of
testsubjects.

In experimentaltesting designedto deducea relationship
betweenspeechguality and Chinesespeechntelligibility [25]
[26], theexisting CDRT wasperformedon mary oversea<hi-
neselistenerslocatedin Christchurch,New Zealand.Among
the test group were 8 native spealkrs from Taiwan. Test
results indicated that due to different pronunciation,these
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Fig. 2. Bar chartillustrating tone confusion

TABLE VI
ORDERED LIST OF TONE CONFUSION, SHOWING NUMBER OF PAIRS IN
ORIGINAL CDRT-TEST (IN BOLD), AND THE NUMBER PROPOSED FOR THE
REPLACEMENT TEST

Toneconfusion | Percentage Original Proposed
Tonel - Tone4 8.67% 0 13
Tone1 - Tone 2 7.70% 10 11
Tone2 - Tone4 7.39% 0 10
Tone 1l - Tone 3 2.37% 10 3
Tone 2 - Tone 3 2.24% 10 2
Tone 3 - Tone 4 0.58% 10 1

listenerswereunableto clearly distinguishbetweerthe zan4
- zhan4 pairin thesibilated-unsibilatedateyory, andthusthe
replacemenpair of zui4 - zhui4 hasbeenchoseninstead.
Small grouptestinghassincecon rmed thatthis pair is more
distinguishableto native Taiwanesespealers. No signi cant
differencein CDRT result were noted for Singaporeanand
Malaysianspealers of Chineseas agpinst a PRC reference.
The full list of words usedis termedthe NCDRT part |, and
is givenin full in g. 3.

Table VI, discussedpreviously, identi ed the number of
eachtonepair thatis includedin the original CDRT-Tonetest,
and presentedhe numberthat shouldbe testedif pairsareto
be testedin proportionto their degree of confusion(with the
overall testcorpusof 40 pairs being maintained).

Using this methodology a replacementset of words has
been determined,which includes tone confusion pairs in
proportionto their degree of confusion.This new word set,
namedthe NCDRT partll is givenin g. 4. The characters,
all in commonusein the PRC, are presentedn both jianti-zi

tone 4
tone 3
tone 2

tone 4 tone 1

Tone 1-tone 4 Tone1 - tone2
bal /\ - bad & val ¥ - ya2 ¥
pol & — pod B mol # - mo2 B
gel ¥ — ged A wul & - wu2 &
yil R - yid & hual & — hua2 &
taol % — taod £ xuel ¥ — xue2 #
jiel # — jie 4f% feil & — fei2 J&
xiul 4K — xiud =& baol @, — bao2 #
wenl /& — wend 9] xingl £ - xing2 M

fangl # - fangd 7% changl & - chang2 %
dengl *T - deng4 B& qiaol 1§ — qiao2 #
qiangl # - qiangd "% canl % — can2 &
huangl %, — huangd %

xianl 4L — xiand 3,

Tone2 - tone4 Tone1 - tone3
cha2 % - chad 1% til ¥ - ti3 &
xi2 3] - xid 2 jial & - jia3 &
ru2 4= - rud aqingl ¥ - qing3
luo2 ¥ - luod %
hui2 & - huid & Toqez-tone3
mai2 3% - maid4 & han2 ?{ ~ han3 %&‘
lou2 # - loud & long2 # - long3 %

zhai2 £ - zhaid 1 Tone3 - toned
xuan2 7% — xuand Y% yang3 # — yangd #%
cheng?2 ¥, — chengd #R

Fig. 4. Listing of haryu pinyin and simpli ed-form Chinesecharacterdor

simpli ed form and haryu pinyin, and are easily recognised he NCDRT part |l test, arrangedn six tone-confusiorcataories

in the absencef noise.
Initial indications,usingthe NCDRT partll, shavs thatthe
words scalewell with the degree of occludingnoiseapplied,



Airflow - No airflow

cangl & - zangl BE
chend %t — zhend &
chengl # - zhengl %
chuanl )| - zhuanl #*
congl & - zongl &
kongl & - gongl L
kuangl £ - guangl 3%
pinl # - binl ®
pind ¥ - bind &
pingl & - bingl K
qiangl # - Jjiangl T
qinl 48 - jinl 4
quand 34 - juand 1%
tianl X - dianl
tingl "7 — dingl *T
tunl & - dunl *
Sibilated - Unsibilated
can2 % - chan2 %2
can3 % - chan3 &
cong2 M — chong2 %
cunl #F — chunl #
cun2 4 — chun2 %
san3 4> — shan3 4
sangl % - shangl
sang3 " — shang3 %
sengl 1% — shengl %4
suanl B — shuanl %
zuid & - zhuid %
zangd 3% — zhangd
zen3 & — zhen3 &
zengd M — zhengd XK
zong3 % — zhong3 Af
zunl B — zhunl 4%

Nasal - Oral
man3 ## — ban3 R
mand 1% — band F

mang3 7 — bang3 #%
mengd % — bengd %
mian3 % - bian3 &
miand @ - biand &
mingd 4 - bingd &
nian?2 —ﬁ:- - lian2 %
nian3 #& — lian3 #&
niand A& - liand %
niang2 4% — liang?2
nin2 & - 1in2 #k
ning2 #t - ling2 #
ning4d ¥ - lingd 5
nong2 &K — long2 %
nuan3 B - luan3 §p

Grave - Acute
banl ¥ - danl
bangl # - dangl #%
bangd & - dangd #
bengl Ay — dengl *T
bing3 & — ding3 TR
fang3 1 — lang3 BA
fangd 7 - langd &
feng3 W — leng3 %
fengd R, — lengd 1%
man2 % - nan2 &
mang2 £ — nang2 ;;%
mend ¥ — nend 4%
meng?2 ¥ - neng?2 £
pand ¥| — tand "X
peng2 M - teng2 A&
ping2 F - ting2 &

Sustained - Interrupted
fan2 L - pan2 %
fang?2 /% — pang?2 f}f—’
fen2 % - pen2 %
huan3 % - kuan3 %
huang?2 % - kuang2 J%
hunl % - kunl %
ran2 X - lan2 2%
ran3 % - lan3 %
sanl = - canl &
sheng?2 % — cheng2 MR
shuangl S - chuangl %
suand B - cuand ¥
xianl % - qianl +
xingl % - qingl &
xiong2 M - qiong2 %
xuan2 % — quan2 4
Compact - Diffuse
gang3 #& - dang3
gong3 A - dong3 %
guan3 4§ — duan3 4
guand # - duand Bf
gund #% — dund J&
han3 %k — fan3 &
han4 X — fand 4%
hen3 & — fen3 #
hend & — fend
heng?2 & — feng2 &
kanl F#| - tanl
kan3 B - tan3 3=
kangd L — tangd @
kengl 3T — pengl 3.
kong3 FL — tong3
kongd % — tongd R

Fig. 3.

andare morerepresentatie of humantone confusionthanare
the original testwords. To examinefurther, subjectve testing

was performedusing the new NCDRT part Il words. This
involved ve listenersin a headphone-basqekencil-and-paper
test. Words were occludedby AWGN and presentedat two

secondintervals.

Listing of haryu pinyin and simpli ed-form Chinesecharacterdorming the six word attribute categyoriesof the NCDRT part |

TABLE VII

NCDRT-PART || TONE TEST RESULTS

Heardas: | Tonel Tone2 Tone3 Tone4
Tonel spolen | 89.63 3.70 0.00 6.67
Tone 2 spolen 2.61 90.43 0.00 6.96
Tone 3 spolen 3.33 3.33 93.33 0.00
Tone 4 spolen 7.50 2.50 0.00 90.00

The resultsare shaovn in table VIl and indicate that the
tonel - tone4 catayory, missingin the original CDRT-tone
test,is clearlythe causeof a signi cant degreeof confusion A

more detailedanalysisof the resultsindicatesthat errorswere

spreadwidely amongthe tone pairs. This is shovn in g. 5

which plots a histogramof the numberof listenersresponding

erroneouslyto the sameword pair.

The new test material presentedin this section will be
explained in the contet of the overall NCDRT testin the

following sectionVI.

VI. NEw CHINESE DIAGNOSTIC RHYME TEST

ASED upon the material presentedin the preceding

sections,the NCDRT hasnow beende ned. The word
lists are shavn in gs. 3 and 4 respectiely, and this section
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Listener errors per word pair

None Single More

Fig. 5. Histogramof numberof listenersrespondingerroneouslyper pair

will provide an overview of the test methodologyand results
analysis.Much of the methodologyis deliberatelybasedupon
the original ANSI standardor intelligibility testingof English
speecH1], sincethis is known to have characteristic®f both
repeatabilityand overall accurag.

The intention of this section,is to provide a self-contained
testand methodologyfor the intelligibility testingof Chinese
speech.

A. Testoverviev

The NCDRT is bestappliedas a comparatie test - high-
lighting thedifferencebetweerarecordingof referencespeech
and the same speechdegradedby a speechprocessingor
communicationsystem.Unlike in the original ANSI recom-
mendationg1], we will assumethat in all casesthe speech
under test is pre-recordedand pre-processedrior to the
listenertests.

The rst point to note is that modern communications
systemscan easily yield a perfect intelligibility score,and
this would reveal nothing about ary degradationcausedby
the system.In suchcasesthe referencespeechitself mustbe
arti cially corruptedwith noiseprior to testing.In broadterms
this movesthe operatingpoint to oneof slightly lower overall
intelligibility, revealing borderline intelligibility featuresin
the speechthat may otherwise be hidden. The intention is
to ensurethat neither the original set of words, nor the
degradedaudio, yield a responsescorenearto limits of either
100% or 50%. Thesetwo extremescorrespondrespectiely
to audio delity so excellentthat no perceptibledegradation
hasoccurred,andto suchpoor delity thatthe resultscoreis
indistinguishabldrom guesswork.

The pre-processingnethodis shavn in g. 6. Word lists
are read out by a numberof spealers and recorded.ldeally
the numberof spealers shouldmatchthe numberof listeners
accordingto Voiers [3], and should include both male and
female spealers. In practice however, fewer spealers than

Recorded Comparative
. - P :
word lists word lists
SUT =
Fig. 6. Block diagramof audio pre-processingerformedwhen preparing

to undertale an NCDRT test

Comparative g Randomizer—bm >
word lists

Results

collection

v
Analysis

v

Fig. 7. Block diagramof NCDRT testarrangement

listenersare generally employed in the tests. The speaking
ervironmentshouldbe quiet and echo-free,and the recorded
speechshould not be so loud asto clip or so quietasto be
too noisy. A rule of thumbfrom the recordingindustryis that
when speakingnormally the recordedspeechevel shouldbe
around12dB belaw full scale.

The set of recorded multi-spealer word lists are then
corruptedby noisefor the reasonsnentionedabore. Generally
abrief calibrationtestis neededo determinghelevel of noise
corruption,ideally moving to alevel thatis sufcient to reduce
the intelligibility scorea little, down to approximately80% to
90% correct.

The noise-corruptedvord list is consideredto be the ref-
erencein this test. A copy of the referenceis then passed
through the systemundertest (SUT), the speechprocessing
or transmissionsystemthat is being evaluated,to yield a
processedvord list. The referenceand processedists then
form the basisof the testmaterial. NCDRT part| consistsof
80 word pairs,andthus160wordsin thefull word list. Ideally
thesehave beenuttered,and recordedby eachspealer. Thus
for a two spealer systemthere are 320 basic words. These
would then be corruptedby noise to provide the reference,
and would form half of the test material. The other half of
the test materialwould be the referencewords processedy
the SUT. The test materialto be presentedo listenersthus
comprises640 wordsin this instance.

If theword list hasbeenprocesse@san entirerecording,it
will needto be split into individual words prior to testing,so
that thesecan be randomly presentedo listeners.Of course
they could have originally beenrecordedn randomorder but
it is still necessaryo interleare presentatiorof the reference
and processedetin someway.

Theactuallisteningtestis conductecasshavnin g. 7. The



test material of noise corruptedwords, and processechoise
corruptedwords, is to be presentedo a listeneror panel of
listenersin randomorder constrainedo be presentednequal
integer numberof times each(for exampletwo presentations
of eachword - effectively doublingthe testduration).

Eachlisteneris given a two-alternatve forced choicewhen
being presentedvith eachreplayedword, andthusa string of
guessesvould averageout at a 50% correctscore.For this
reasonthe nal resultsare correctedfor guesswerk.

In termsof scoring,the mainresultis the differencebetween
the percentagef correctresponsefor wordswhich have been
processeddy the SUT and words which have not. Each of
the six DRT or NCDRT cateyoriesalsoyields separatescores,
instructve in determiningwhatword featuresaremostaffected
by the SUT. For examplein [5] a large scorereductionin the
CDRT sibilated-unsibilated grouprevealsthat the SUT, the
GSM06.10codec,doesnot presere sibilationfeaturesaswell
asit preseres othertestedfeaturesof speechlmprovements
to the codeccouldthenbedirectedat this aspecbf thesystem.

Further detail on the test is provided in the following
subsections.

B. Listenerselection

Listeners should be of ‘normal hearing', and can be
screenedin adwance through a calibration test. Voiers [3]
mentionsscreeningfor self-consisteng which could also be
accomplishedalbeit more controversially, through rejection
of extreme outliers in testing results. Otherwise, screening
can assistin calibratinga signal-to-noisdevel of AWGN to
yield a reasonablescorefor unprocessedpeech ANSI S3.2
[1] de nesaudiometricallynormalashaving hearingthreshold
levels no higher than 20dB and no lower than -10dB at ary
frequeny from 125Hzto 8kHz asmeasuredy an audiometer
which complieswith ANSI S3.6-198%r ASA 81.

Where suchaudiometersare unavailable, a calibrationtest
consisting of several CDRT words may well reveal gross
hearingdefects.An assumptiormay be madethat frequeng-
selectve hearinglosswill beuncommoramongvolunteergor
a hearing-basedest,andin ary caseshouldbe picked up by
calibrationtesting.Whenusing studentdor testsubjectsit is
usefulto questionsubjectsto identify ary patternof listening
to loud rock music. In particular subjectsarriving at the test
locationwearingin-earheadphoneat sufcient volumeto be
heardby thetester areunlikely to malke reliabletestsubjects.
Voiers [3] considerseight listenersto be sufcient, however
it is the practice of the authorto typically arrangefor 20
listeners.

During listener selection, it is importantto considerand
clarify con dentiality issues.It would seemthat the optimum
approachwould be to maintain con dentiality by not iden-
tifying particular listenersby name. Results should not be
madeavailableto third partiesin ary way that could identify
particulartestsubjectswithout obtainingthe prior agreement
of the individuals concernedlt is also importantto ensure
that listenersare aware that this testdoesnot re ect on their
abilitiesin ary way: it is not a hearingcompetition,but rather
an assessmertf the abilities of the systemundertest. Above

all the test procedureshould not in ary way endangerthe
healthof listeners,including ary risk of hearingdamage.

C. Testconduct

During the test, each listener is given a two-alternatve
forced choiceof responsdor eachrandomlypresentedvord.
The choice consistsof both words in the pair that contains
the random word being replayed. For an automatedpush-
button test, the word choice is normally presentedprior to
the soundplayback,suchthat listenersare aware of the word
choicebeforethe word hasbeenheard.Word choicesmay be
presentedn simplied or full characterforms, haryu pinyin
plus tone,or ary combinationsimultaneously

For pencil-and-papetesting the listeneris always able to
view alternatves prior to hearingthe word. In either case,
they arerequiredto choosewhich word they have heardeither
throughticking a responsesheet,or pressingthe appropriate
push-lutton. The latter methodis advantageousn two ways:
rstly in the easeof result collection, and secondlyin the
ability to self-pacethe test (in that the next word should
only be replayedoncethe currentchoicehasbeenmade).For
pencil-and-papetesting,caremustbe takento ensurethatthe
listenerexpectationdoesnot get out of sequencavith respect
to the audio playback.

Listenersshouldbe familiarisedwith the testequipmentnd
procedure jdeally througha trial or calibrationrun, prior to
the main test. One usefultechniqueis to prependthe last few
words from the end of the test sequenceo the beginning.
Theseare then to be usedfor training and familiarisation,
but are not countedas part of the results. It is important
that the training words represengll of the spealersincluded
in the test, and is often instructve to manually comparethe
resultsfor repeatedwords. In theory listeneraccurag from
the beginning will graduallyimprove throughtraining, reach
a plateauwhich shouldlast for the durationof the test,before
eventually reducing through listener fatigue. Fatigue occurs
naturally andis evidencedwvhentrackinguserscoresovertime
througha droop in accurag. This effect can be exacerbated
by factorssuch as visual distraction,meaningthat although
testsdo not needto be conductedin an anechoicchamber
for auditoryreasonsthe sensoryisolation availablein sucha
locationis a de nite advantage.

In longer tests, fatigue can be combattedby allowing
periodicrestsduringthe test,with the trade-of thattheserests
will themseles increasetest duration and may thereforebe
counterproductive. A two-speakr NCDRT test consistingof
160 basic words and 80 tone words, repeatedtwice, would
resultin 1920wordsin the testcorpus.If theseare presented
at 2 secondintenals, test duration would exceed one hour,
and listenerfatigue effects could be expected.lt is therefore
preferableto conductthe NCDRT part| and part Il testson
separat@ccasionsAn optimalword presentatiomate of once
every 1.33secondshasbeenreportedby otherauthors[3] for
the original EnglishDRT test.

Both listenerpanels,andindividual listening testsare pos-
sible, and for the NCDRT it is even possibleto conductthe
testindividually using headphonesWherelistenerpanelsare



chosencareshouldbe taken to minimisedistraction,and ary
possibility of copying.

D. Analysisof Results

The resultspost-processingdwocatedby Voiers[3] for the
DRT should be usedto eliminate the effects of guesswrk.

For  correctresponsesnd incorrectresponsesmong
testitems,the percentageorrectscore, is obtainedfrom
1):

1)

This scoreis appliedto the overall NCDRT to provide a
percentagéntelligibility for all wordswithin thetest(for both
referenceandprocessedists). The differencebetweertheseis
asingleintelligibility degradationmetricfor the entiresystem.
NCDRT partsl and Il scorescan be calculatedseparatelyto
identify phonemeandtonal intelligibility respectrely. Within
eachpart, a perclassresult breakdevn can be examinedto
determinea patternto the degradationwith respectto speech
featuresof the classes.This can be useful in identifying
aspectsof the SUT which may require further attention or
optimisation.

For NCDRT part I, the feature categories are shavn in
g.3, and canin theory be relatedto the particular aspects
of a speechhandlingsystemwhich caterfor thosefeaturesas
explainedbelow:

air o w-no air o w highlightsthe differencebetweernconso-
nantssuchas/p/ and/ch/whereair ow is large, to alternatves
suchas /b/ and /zh/ where air ow constrictiontakes place.
Both lung excitation and pitch differ betweenthe alternatves.

nasal-oral underpinsnasalitytestingwhereair ow andres-
onancethroughthe nasalpassageaccompan vocalresonance,
theseare differentiatedthrough pairs suchas m-b and n-
| . However subjectve experiencendicateshatmary Chinese
spealerswill confuseconsonanpair n-l .

sustained-interrupted comparesfricatives with stops or
affricatives. “In Chinese the fricatives are /f, h, x, sh, s, 1/,
the stopsare/b, p, d, t, g, k/, andthe affricatesare/j, q, zh,
ch, z, ¢/. Thus,the pairsof f-p, x-q, h-k, s-c, sh-
ch and r-I arechosen(similarto the DRT exceptfor r-I
which is Chinesespeci c)” [4]. Sincefricatives are generally
of relatively high frequeng, the delity of this classrelatesto
the handlingof the higherfrequeng regionsin speechpften
re ecting on the quality of pitch handlingin the SUT.

sibilated-unsibilated comparesChinesesibilants/z, c, s/
with /zh, ch, sh/ which are often and easily confused,again
relatingto delity of pitch handling.

grave-acute distinguishesvordsthatarearticulatecthrough
different tongue position at the front of the mouth, and are
generallyheavily voicedwith low-frequeng enegy, thusthis
classcanre ect on the handling of low frequenciesby the
SUT.

compact-diffuse are articulatedbehindthe alveolarregion
of a mouth[4], again differentiatedpredominantlyby tongue
position.

NCDRT part Il is better consideredas an overall metric,
ratherthana percateyory score.Thisis primarily because¢one
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is relatedto pitch delity, meaningthat a pitch coding unit
would have responsibilityfor the scoreof all of the cateyories
in the tonetest.However, it may alsobe possibleto cateyorise
baseduponthe physical tone spacedifferencedn tablelll, in
thatsometonesdiffer in absolutdrequeng, while othersdiffer
in changeover time. Comparisonof the degradationresults
for thesetwo superclassegevealsthe ability of the SUT to
caterfor absolutepitch locationagainstits ability to corvey a
sufciently fastpitch updaterate.

E. TestAdaptation

TheNCDRT adheredo the spirit of the DRT test,especially
in therhymingwordsof partl, whereapartll appliesthesame
methodologyto the measuremeraf tone confusion.Although
the charactersn the NCDRT have beenchosensoasto be us-
ableby the majority Chinesedialectgroup,in particularthose
with a Beijing-standardpronunciation,it is recognisedthat
several regional variationsin pronunciationof eachcharacter
may exist. While the haryu pinyin romanizationdoesspecify
the phoneticcharacteristicanary Chinesegspeciallythoseof
middle age or older, may not be comfortablereadingharyu
pinyin and thus would needto be presentedvith characters
during the execution of the test, thereforehaving few cues
to pronunciationapartfrom recollectionof the soundof each
characterSinceit is importantto maintainthe rhyming nature
of word pairs, it is to be expectedthat usersof the test may
occasionallysubstitutedifferent rhyming words into the test
to matchlocal pronunciationsin suchcaseshe replacement
wordswill preferablybe similar to the originalsin degree of
voicing, sibilation,air o w, nasalresonancandCVC structure.

It is thus worthwhile repeating,and extending, the word
selectionprinciplesfrom [4]:

1) Charactempairsareto be usedasthe testunit, grouped
by distinctive featuresimilarto the DRT. In NCDRT part
| they occupy six phoneticgroups,whereasn NCDRT
part Il they spanall possiblepairs of tone differences.
The monosyllablecharactershouldtake a CV or CVN
form.
For NCDRT partl, only theinitial consonants different
andtone shouldbe the sameacrossthe pair.
For NCDRT partll, only the tone shoulddiffer - apart
from this the pronounciationof both wordsin the pair
shouldbe identical.
Neithercharactein a pair shouldbe hardto pronounce,
andboth shouldbe in (ideally equally) commonuse.
6) The pronunciationof the charactershouldbe single.
7) The pair list should cover as wide a syllable rangeas
possible(differentphonemesandtones).

2)
3)

4)

5)

VIlI. CONCLUSION

HIS paper has presenteda New Chinese Diagnostic

Rhyme Test (NCDRT) comprisingtwo parts. Firstly a
subjectve phonemeintelligibility testbaseduponthe English
languagediagnosticrhyme testadaptedo a Chinesecontext.
This test was largely evolved from the previously published
ChineseDiagnosticRhyme Test, but with someword replace-
ment, and conversionto simpli ed jianti-zi form characters.



The NCDRT secondpart is a subjectve tone intelligibility
test, basedupon new experimentalevidencerelating to the
confusionof Chinesetone, also presentecand analysedhere.
Togetherboth parts of the NCDRT completely replacethe
previously publishedCDRT and CDRT-tonetests.

It should be noted that there is a large variability in
publishedresultsof Chinesetone confusion.Issuesregarding
theuseof carriersentencéandthusthe effectsof tonesandhi),
word choice, spealer or synthesisemused, methodsof word
degradation,amplitudeor power normalizationand subjectve
testmethodologyall affect results.In additionregionalaccents
anddialectsof testsubjectsplay a partin overall DRT results.
In this paperthe use of a Beijing-standardannouncerlarge
group of testsubjectsfrom acrossChina, large word choice,
andSNR-normalizedvord degradationwvereusedto determine
the confusion characteristicoof DRT-style words spolen in
isolation. This evidence hasthen beenusedto underpinthe
NCDRT methodology in particular for the NCDRT part Il
tonetests.

This paper provide both parts of the NCDRT in haryu
pinyin romanizedormatplustoneidenti er, andin simpli ed
jianti-zi charactersEither canbe usedto conductintelligibil-
ity testing, dependingon listenersrequirementsA complete
proceduraloverview of the methodologyfor conductingthe
subjectve Chineseintelligibility testsusing the NCDRT is
provided.
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