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Abstract

This paperpresentsa completemethodologyandrationalefor thesubjective intelligibility testingof Chinesespeech.It replaces
the combinationof several previously publishedChineseintelligibility testswhich have beenin usefor almosta decade,with a
singlecompositetestprocedureconstructedfrom a foundationof subjective trials andauditoryevidence.Sincepublicationof the
�rst elementsof Chineseintelligibility test,several factorshave cometo light which promptedthis overhaul.Firstly, international
testinghashighlightedwords usedin the original test that are unsuitablefor speakers of particularregional dialects.Secondly,
recentevidenceindicatesthat the assumptionsof tonal confusionmadeduring the de�nition of the original tonal intelligibility
testsarenot borneout by subjective evidence.Finally, wordspublishedin theoriginal testdisadvantagedspeakersfrom Mainland
China due to the use of full-form Chinesecharactersrather than the more ubiquitoussimpli�ed form characters.This paper
presentsexperimentalevidenceof tone confusionin Chinesespeech,and usesthis datato createa replacementtone test.Word
choice has beenadjustedto �nd more neutral alternatives for particular regional dialect speakers. The basic speechand tone
extensiontestsarenow presentedwith simpli�ed form charactersto ensureaccessibilityby the greatestnumberof testsubjects.
Finally, this paperincludesa descriptionof the full intelligibility test.
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Subjective intelligibility testingof Chinesespeech

I . INTRODUCTION

SPEECH processingtechnologiesunderpin an important
aspectof daily life for millions of peopleworldwide,par-

ticularly throughcellular communications,internettelephony
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 years are likely to be replicatedelsewhere
andleadto all-digital telecommunications.Meanwhile,despite
near-saturationin several Westerncountries,adoptionof cel-
lular telephonescontinuesunabatedworldwide.

Coincidentwith this backdropis the rise of China as an
economicsuperpower, and the resultingadoptionof personal
telecommunicationstechnologyamongthe 1.3 billion strong
population.Already, ratesof cellular telephony ownershipin
Chinaaresigni�cant, andalongwith internetuse,continueto
grow rapidly. In all likelihood, therewill sooncomea time
whenthemajorityof worldwidespeechprocessingis operating
on Mandarin speech1. From a commercialviewpoint, Man-
darin speechcommunicationis likely to constitutethe worlds
largesttelecommunicationsmarket.

At present, there are many standardsfor assessingthe
quality and intelligibility of speechconveyed by a network
or processedby a speechhandlingsystem,with several being
enshrinedin ITU or ANSI standards,mostparticularlyANSI
standardS3.2[1].

In general,methodsof speechtestingare classedas being
either subjective or objective: requiring a group of human
listeners,or conductedby automatedsystems,respectively.
Testsdetermineeither quality (how nice the speechsounds)
or intelligibility (understandingof the itemsspoken):different
communicationssystemstend to aim towardsoptimisationof
eitheroneor the other, but not both.For example,emergency
servicecommunicationsrequireshigh levels of intelligibility
whereasbroadcastaudioservicestendto sell betterif quality
is high.

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

1Theterm`Mandarin' is oftenusedto refer to themajority Chinesedialect,
and is usedinterchangeablywith the term `Chinese'in this paper.

and accuracy. However the test is only de�ned for English
speech[1] (in fact it is a subsetof this: English speechwith
an American accent).Quality tests,by contrast,tend to be
languageindependent.

In 1999,themethodologydescribedby Voiersin theoriginal
de�nition of the DRT was repeatedin a Chinesecontext, 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 conveyanceof
Mandarin speech.Results for 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
developedusingEnglishor Frenchspeech,andoptimisedfor
thoselanguages.

Despitethe developmentof a DRT for Mandarin speech,
there are major differencesbetween Chinese and English
(discussedin sectionII) which were not well cateredfor in
the methodologyof the test.Thesepromptedresearchwhich
led, in 2001,to a proposedextensionof theCDRT to caterfor
tonediscriminationeffects[8]. TheCDRT-tonewasthenused
to evaluate the tonal transparency of several speechcodecs
including GSM 06.10, and used to proposeimprovements
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 tonecombinationsusedin thetestwasbasedupona
visualexaminationof theaveragetone-trackplottedfor several
hundredspoken Chinesecharacters:those tracks exhibiting
trajectorysimilaritieswereconsideredto be moreeasilycon-
fused,andthereforeincludedin thetest.In fact,new datanow
revealsthat thehumanperceptionof tonedoesnot necessarily
follow a physical interpretationof thetonetracks.Theoriginal
assumptionsdo not matchtheexperimentalevidence,andthus
the CDRT-Tone test is not at all optimal. This paperpresents
new experimentalevidence,constructsa replacementtest,and
evaluatesthe result.

Experiencewith theexisting Chineseintelligibility testshas
highlighteda numberof shortfalls, and thus a New Chinese
DiagnosticRhyme Test (NCDRT) is proposed,explainedand
evaluatedin this paper. SectionII will discussthe featuresof
the MandarinChineselanguage,and identify areasof differ-
encecomparedto English.SectionIII discussesthe (English)
diagnosticrhyme test procedure,methodologyand rationale.
Section IV then presentsexperimental and human factor
evidencerelatingto thepreviouslypublishedChineselanguage
intelligibility tests,while sectionV discussesconstructionand
performanceof the compositereplacementtest, comprising
NCDRT part I for phonemeintelligibility andNCDRT part II
for tonal intelligibility. The test methodologyis describedin
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sectionVI whilst sectionVII concludesthe paper.

I I . MANDARIN CHINESE SPEECH

W RITTEN Chineseconsistsof a sequenceof unique
pictogramscalled characters.Each characterhas a

particular meaningand pronunciation,and may exist alone,
or be aggregatedinto compoundstringsto provide a different
meaning.In written sentencesthere is often no typographi-
cal separationbetweenneighbouringcharacters:context and
readerexperiencealonedeterminewhen charactersare to be
interpretedsingly, whenthey areto begrouped,andif sohow
large is the grouping.

Many charactershave several meaningswhich may be to-
tally unrelated,particularlyin thecaseof thesimpli�ed jianti-
zi form charactersused in the People's Republic of China
(PRC) and elsewhere.Theseare derived from the traditional
fanti-zi or full-form, charactersin use in Taiwan and Hong
Kong, through a method of simpli�cation that reducedthe
numberof penor brushstrokes requiredfor writing them.

Many of the simpli�cations resulted in totally different
complex charactersbeingreducedto identicalsimpli�ed char-
acters,however the pronunciationbetweenthe two character
forms (andmeanings)remainedunchanged.For thesecharac-
ters,andseveralothers,two or morealternative pronunciations
exist. The majority, however, supporta singlepronunciation.

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

1) Firstly, all charactersaremonosyllabic.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 spoken Chinese,and specify the phoneticproperties
further [10] [11] [4]. The monosyllabicnatureof the
languagemay be an advantagein intelligibility testing,
comparedto English.For example,the DRT, describes
only a small subset of possible English words, but
probably a much larger proportion of Chineseword
sounds.

2) Secondly, eachsyllable consistsof a consonant-vowel-
consonant(CVC) structure,althoughin a few casesthe
initial consonantis missing (null), and in many cases
the �nal consonantis missing. The �nal consonantis
alwaysnasal(N), beingeither/n/ or /ng/. Syllablesexist
thatconformingto all combinationsof CVN, CV, V and
VN, with a total of about415 permutationsallowed [4]
(although[11] mentionsonly 408).Initial consonantand
vowel (including theoptional�nal consonant)belongto
theallowedsetlisted in tableI. Note that this shows the
ChinesePhoneticAlphabet(CPA) transcriptionnormally
used for the hanyu pinyin romanisationof Chinese
characters[10]. A conversion table betweenthe CPA
and the InternationalPhoneticAlphabet (IPA) is given
in [4].
Spoken Chinesecontainseven fewer voicedconsonants
thanEnglish,andthesearepresentedin tableI, in bold.

TABLE I

CHINESE PHONETIC ALPHABET TRANSCRIPTION OF ALLOWED VOWELS

AND CONSONANTS, WITH VOICED CONSONANTS SHOWN IN BOLD

Initial consonants
b p m f d t n
l g k h j q x

zh ch sh r z c s
Vowels

a o e i ü u ao
üe uei uai iao ua ei ie
ai ou iou ia uo ang eng

ing en ong ion in uang ian
ueng uan üan an iang uen ün

TABLE II

CHINESE TONES

tone description pitch representation
tone1 high tone 55 (53 beforea neutral)
tone2 rising tone 35
tone3 dipping tone 214 (21 beforea neutral)
tone4 falling tone 51

The lack of voiced consonantsis an attribute shared
by English, but the effects will be more pronounced
in Mandarin Chinese.In particular becauseunvoiced
consonantsare spoken with lower averagepower than
otherphonemes[12].
Relatingbackto written charactersfor a moment,given
that an estimated13,000 different charactersexist in
written Chinese,with only 415 phoneticpermutations,
it follows that Chinesefeaturesa very large numberof
homophones.

3) Thethird majordifferencebetweenChineseandEnglish
is in the useof tonal information.Eachspoken Chinese
syllable is identi�ed by the combinationof phonetic
andtonalattributes.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
theprecedingphrasewasutteredasaquestion,with each
meaningdifferentiatedby tone.

In Mandarin there are four distinct lexical tones plus a
neutral tone often describedas lack of tonal contour [13].
Eachtonehasa particularpitch contour, or track, that de�nes
it' s category. Tone 1 has a high-level frequency, tone 2 is
mid-rising (meaningit startsat a middle frequency with an
upward trajectory),tone 3 is mid-falling-rising and tone 4 is
high-falling. Evidently descriptive words such as `mid' and
`high' relate to perceptionrather than a particular physical
measurement,but it could be argued that thesetermsare to
be understoodin relation to the averagepitch frequency of
an utterance.In fact, a numericmethodof representingtone
dating from the 1930sis presentedin [14], where the pitch
rangeis divided into � ve levels, with 1 being the lowest, 3
beingmid-rangeand5 the highest.In this way, the tonescan
be describedby a sequenceof pitch levels as shown in table
II.

Smoothedpiitch-frequency contoursof the four tonesare
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drawn in Fig. 1, with they-axisrepresentingfrequency andthe
x-axis representingtime (from datapresentedin [15]), andthe
shapescanbecomparedto thenumericalpitch representations
of tableII. It shouldbe notedthat signi�cant deviationsfrom
averageoccur, evenfor repeatedutternacesby asinglespeaker.

Applying tone to the example syllable usedpreviously, it
is now possibleto better differentiatemeanings:thus /ma1/
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'
(/ma1//ma/).Such an example con�rms the degree of im-
portanceof tone in Mandarin Chinese,in completecontrast
to English which may use tone to convey emotion,but not
normally to distinguishword meaning.

The neutraltone is far lessimportantin its tonal presenta-
tion, andhasbeencharacterised[14] asbeinghalf-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 II that some tones will changeslightly if
precedinga neutral, and the neutral will then follow this
adjustedtonal endpointof the precedingtone.

In fact the context-sensitive natureof tonal pronunciation
extendsto two further cases,called the rules of tone sandhi,
affectingtone3 whenspokenin combinationwith othertones.
In continuousspeech,tone3 hasthemostdiverseshapeof the
Chinesetones[16], in that it is spoken as tone 2 when it is
followed by anotherinstanceof tone3, andchangesto a low
level when followed by an instanceof tone1, tone2 or tone
4. From table II it can be seenthat the �nal rise is also not
presentwhen tone 3 is followed by a neutral tone, and thus
theonly time whentone3 is uncorruptedis whenit is spoken
either in isolationor in an utterance-�nalposition [14].

Tone 3 is thus different when presentedin isolation com-
paredto when it is juxtaposedin speech[17], and this fact
is particularly signi�cant since the DRT test, as we shall
see in the next secion,usessingle words to determinethe
intelligibility of speech,ratherthancontinuoussentences.

I I I . DIAGNOSTIC RHYME TEST

A NSI S3.2is intended“for usein measuringthe intelligi-
bility of Englishspeech”,describinga diagnosticrhyme

testin which a numberof trainedspeakersreada list of words
which arepresentedto listenersboth directly and throughan
audiohandlingsystemundertest.The differencebetweenthe
two providesinformationregardingany degradationcausedby
that system.

TheDRT testmaterialcomprisesa word list of 96 rhyming
pairssuchas

�

/bat/,/hat/� . Eachof these192 wordsis spoken
in random order. One set of words is used as a reference,
while the other set is passedthrough the systemunder test.
A panelof listeners,who have beentrainedto a plateau,are
then presentedwith the 384 words (192 referenceand 192
processed)in randomorder, andfor eachword arerequiredto
indicatewhatthey heard.They aregivenanA/B forcedchoice
consistingof the spoken word and its rhyming pair. In DRT,
the words of eachpair differ only in their initial consonant
(a more lengthy sistertest, the modi�ed rhyme test,or MRT,

usesa similar methodfor a six-alternative forcedchoice,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
generalterms,a testsystemthatdegradestheaudiominimally
will yield a similar percentageof correct responsesto that
exhibited for the referencewords.A systemthat signi�cantly
degradesthe audio will display a far lower percentageof
correctresponsesthan are exhibited for the referencewords.
DRT word pairs are divided into six classesbasedupon the
phoneticattribute that differs betweenthe alternative initial
consonants- with the per-class result breakdown providing
greaterinsight into the �delity of several different parts of
speechhandledby the systemundertest.

In typical testingscenarios,subjectsaretrainedto a plateau
in advance by 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 actual test
to determinethe optimum speechamplitudeto be presented
to listeners.

The CDRT is similar to the DRT, apart from the use of
recorded Chinese words, and the presentationof Chinese
characters(or hanyu pinyin, thestandardphonetictranscription
usedin PRC and elsewhere)for the scoring.Obviously both
the speakers and the listenersshould be familiar with the
languageunder test. The choice of phoneticattributes used
in the original CDRT testaregiven in [4].

The CDRT-Tone extension[8] usesthe DRT methodology
to evaluatetone discrimination:but insteadof rhyming word
pairs differing by initial consonant,the words differ in their
tone. Thus

�

/ma3/, /ma4/� would constitutesuch a pair. In
total, four groupsof tentonepairswereincludedin theoriginal
publishedtests,chosenfrom anexaminationof thepitch tracks
of variouscharactersasstatedhere[8]:

“Accordingto thesimilarity of pitch heightandcontouramong
thefour Chinesetones,four categories � tone1 - tone2 � , � tone
1 - tone3� , � tone2 - tone3� and � tone3 - tone4� arechosen
to form the basisof the tone intelligibility test”
In theunderlyingwork [18] usedto derive theCDRT-Tone,

examinationof tone tracks, similar to thoseplotted in Fig.
1, wereusedto determinevisual similaritiesbetweenplots of
spokentonetracksusingseveralattributes.Thesearepresented
in table III, showing that the �rst threechosentestcategories
of

�

tone 1 - tone 2 � ,
�

tone 1 - tone 3 � ,
�

tone 2 - tone 3 �

displaya markedsimilarity andwerethusreasonablyassumed
to besusceptibleto confusion.The

�

tone3 - tone4 � category
however shouldprobablyhave beenreplaced(accordingto the
table)by

�

tone1 - tone4 � , andin fact theempiricalevidence
of sectionIV bearsout sucha conclusion.The useof

�

tone3
- tone4 � wasdueto initial tonecontoursimilarity [8], in that
tone3 andtone4 aretheonly tonesto exhibit a tonetransition
from high to low, andwerethusassumedto be moreproneto
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 contour is
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Fig. 1. Averagedidealizedpitch contourplots for the four Chinesetonesby a malespeaker of isolatedwords,from datain [15]

TABLE III

V ISUAL SIMILARITY OF CHINESE TONE PITCH CONTOURS

Heardas: Tone1 Tone2 Tone3 Tone4
Tone1 spoken h c c h
Tone2 spoken c - c h -
Tone3 spoken c c h - -
Tone4 spoken h - - -
h: similarity in pitch height
c: similarity in pitch contour
-: no signi�cant similarity

a particularly important featurein the discriminationof tone
[19] as is the relative pitch betweenonsetand turning point
[20]. Durationalsoplaysapart[21], andnoneof thesefeatures
hadbeenconsideredin the CDRT-tonedesign.While relative
pitch discrimination in humanscan be good, it seemsthat
rising tonesare in generalmoredif�cult to discriminatethan
falling tones[14]. This lastfactwassubstantiatedby Klatt [22]
who reportedanunpublishedexperimentby Victor Zuewhich
progressively �attened the tonal contours of a synthesised
word while measuringsubjective toneconfusion,until, with a
97.5%reductionin tonegradient,the two rising tones

�

tone2
- tone3 � , becamealmostindistinguishable,whereasthe

�

tone
1 - tone4 � differenceremainedidenti�able.

Severalotherstudieshave investigatedtheconfusionof Chi-
nesetoneunderlessextremelevelsof distortion.In particular,
the 1976 study by Howie [15] reportedextensive resultson
34 representative syllablesof nine basic types. Although in
many casesthe confusionresultsgiven were clearly within
themarginsof error, therearethreeresultsworth highlighting
from the 12-listener tests on the presentationof a single-
speaker syntheticword /bao/.

Firstly that
�

tone 1 - tone 4 � confusion,missing in the
original CDRT-Tonetest,is seenin theHowie data[15] albeit
at a low level, and thus probablyshouldbe included in any
test of tonal intelligibility. Secondlythat,

�

tone 1 - tone 3 �

and
�

tone3 - tone4 � confusion,comprisingone third of the
original CDRT-Tone test, was almost non existant when the
wordswerenot vocoderprocessed(distorted).

Finally, and most importantly, is the issue of
�

tone 2 -
tone3 � confusion.In a test repeatedwith andwithout carrier

sentence(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
changed,but waseclipsedby the confusionof tone2 astone
1). In factthis is dueto theissueof tonesandhi(seesectionII)
– whenthe toneof theword undertestwasadjustedat will to
performthetest,thecarriersentenceremainedunchanged,thus
resultingin a sentencethat was “never heardin real speech”
[15].

ShenandLin [23], in a precursorto their 1993paper[19],
consideredtones2 and3 which they believedmoreconfusable
due to their similar concave shapes.When attempting to
recreateearlier reported test results which showed tone 3
mistaken astone2 to be moreprevalentthantone3 mistaken
astone2, they obtainedresultscontraryto expectations.This
may be a classic issue of tone sandhi, but even so, their
signi�cant datapointsderivedfrom just threespeci�c syllables
which were often misidenti�ed. Their conclusionbeing that
sincesomewordsare inherentlymoreconfusiblethanothers,
they had simply chosena different word set to the earlier
experimentersand thusobtaineddifferent results.

Clearly, the confusion expectationsused in the original
CDRT-Tonetestdesigndo not matchthe publishedevidence,
andfurthermorethepublishedevidenceitself differsmarkedly
dependinguponthe type of distortionpresent,effectsof tone
sandhievident with the useor non-useof a carrier sentence,
and the particularwordschosenfor the smallertests.

A new tonetestwill thereforeconstructedbe in sectionV.
This will now test all combinationsof tone confusion,and
will do so in a proportionbasedon subjective evidence.The
subjective evidence,obtainedin sectionIV, will bebasedupon
single DRT-style words presentedindividually and thus free
from the effectsof tonesandhi.The testcorpuswill comprise
a large numberof words,chosenacrossthe differentphonetic
groups,andwill becorruptedby additive auditorynoise,rather
thanvocoder-style tonal manipulations.

IV. NEW EVIDENCE

I N order to evaluatetone confusion,a set of 260 Chinese
words were chosenacrossthe four non-neutraltones,and

encompassingvarious word stucturesincluding consonants,
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TABLE IV

SPOKEN CHINESE TONE WORDS INCLUDED IN LISTENING TEST

tones instances structureinstances
tone1 76 CV 71
tone2 59 CVN 64
tone3 59 VN 14
tone4 66 CGV 91

CGVN 20

vowels, nasalsand glides
�

CV, CVN, VN, CGV, CGVN � as
shown in table IV.

The criteria for testword choicewasto includecommonly
usedcharacters,and in particularhomophonesspanningeach
of the four non-neutraltones(in this instance`word' refers
to the hanyu pinyin romanizationexcluding tone).Characters
were presentedso that otherwiseidentical words were pre-
sentedseveral times but with different tone, such as /mi1/,
/mi2/, /mi3/ and /mi4/. For somewords, commoncharacters
could not be found to spanall four tones (as judged by a
panelof native Chinesespeakers),andin suchinstances,only
the two or three instancesof the word in commonusewere
includedin thetest.To compensate,somewordswereincluded
more than four times wherecommonexamplesof the same
word could be found. For example, two instancesof /ba1/
and one eachof /ba2/, /ba3/ and /ba4/ - eachrepresentinga
different Chinesecharacter. On average,slightly more than
four presentationsper word wereachieved.With the intention
of measuringthedegreeof perceived tonalconfusionbetween
eachpair of tone possibilities,the test thus spannedthe six
possibletonepairs:

�

tone1 - tone2 �

�

tone1 - tone3 �

�

tone1 - tone4 �

�

tone2 - tone3 �

�

tone2 - tone4 �

�

tone3 - tone4 �

The test material was prependedby a set of training
words and spoken by an announcerchosenon the basisof
demonstratedtonal clarity, and recordedto computer. The
female announcerwas from mid-China,and spoke standard
Mandarin. White Gaussiannoise was added to the speech
in various degrees of signal-to-noiseratio (SNR), and an
initial calibration test run performed with a group of � ve
Chinesespeakinglistenersto determinethe optimumlevel of
SNRrequiredto provide approximately10%to 20%incorrect
recognitionrate,and to prove the experimentalmethodology,
consistingof a pencil-and-papertest conductedindividually
through headphones.For the main test, symphonic music
(Liang ShanBo he Zhu Ying Tai [24]), was usedto corrupt
the speechat a segmentalsignal-to-noiselevel equivalent to
thatdeterminedthroughthecalibrationtests.Morespeci�cally,
the power of each individual uttered word was measured,
comparedto the power of noisein the region to which it was
to beadded,andthenampli�ed to obtainanSNRasspeci�ed
by theinitial calibrationtests.In thisway, theSNRof eachtest
word wasindividually normalizedagainstthecorruptingnoise
beforepresentationto listeners.White noisewas not usedin

TABLE V

CHINESE TONE CONFUSION TEST RESULTS

Heardas: Tone1 Tone2 Tone3 Tone4
Tone1 spoken 90.77 3.96 0.45 3.83
Tone2 spoken 3.74 90.79 1.32 3.58
Tone3 spoken 1.92 0.92 92.61 0.22
Tone4 spoken 4.84 3.81 0.36 90.43

orderto reduceeffectsof listenerfatigueover the lengthy test.
A second� ve-personcalibrationtestusing the samematerial
was performedto ensurethat the useof non-whitenoisedid
not affect tone discriminationin any signi�cant or consistent
manner.

For the main test,onehundredChinesespeakingvolunteer
listeners,approximately21 years old, were each presented
with the words, spoken in randomorder, and given a forced
choice answersheet.Listenerswere not paid for the tests,
reportednormalhearing,andwerefamiliarisedwith theproce-
dureprior to testcommencement.Thecondensedresultsfrom
this test,in termsof confusionbetweenspokenandheardtone,
areshown in TableV andplottedasa bar chart in �g. 2.

It can be seenthat tone 3 is the most easily recognised
tone(aswaspredictedin [8] dueto it' s largeshapedifference
comparedto other tones),correct in approximately2% more
casesthan any other tone. However if we examinethe most
confusedsetsof tones,thesedo not matchup with the other
predictionsmadein [8].

To examinefurther, the �rst column in tableVI shows the
overall percentageconfusionof the varioustonesin the test,
and is presentedin decreasingorder of most confusedtone
pairs.Thefour tonepairsincludedin theoriginal CDRT-Tone,
namely

�

tone 1 - tone 2 � ,
�

tone 1 - tone 3 � ,
�

tone 2 - tone
3 � and

�

tone3 - tone4 � , aregiven in bold.
It is quite clear that three of the CDRT-Tone testedcate-

gorieswereactuallythe leastconfusedtonepairsandfurther-
more, the pair that is most likely to contribute to misunder-
standingis omittedentirely from the original CDRT-Test.

V. TEST CONSTRUCTION

T HE basicCDRT testhasnow beenwell usedworldwide
for many years,and whilst indications have generally

been positive regarding repeatability and word choice, the
original testwaspresentedandpublishedin fanti-zi (full-form
characters)[4] which are not generally taught in the PRC,
Singaporeor Malaysia.This paperhasthusconvertedthe test
materialto the far morewidely usedjianti-zi simpli�ed form.
The pronunciation,and hencehanyu pinyin romanizationare
maintained,however since the charactersare now accessible
to a far wider readership,they allow for a greaterchoiceof
testsubjects.

In experimentaltesting designedto deducea relationship
betweenspeechquality andChinesespeechintelligibility [25]
[26], theexistingCDRT wasperformedonmany overseasChi-
neselistenerslocatedin Christchurch,New Zealand.Among
the test group were 8 native speakers from Taiwan. Test
results indicated that due to different pronunciation,these
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Fig. 2. Bar chart illustrating toneconfusion

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
Tone1 - Tone4 8.67% 0 13

Tone 1 - Tone 2 7.70% 10 11
Tone2 - Tone4 7.39% 0 10

Tone 1 - Tone 3 2.37% 10 3
Tone 2 - Tone 3 2.24% 10 2
Tone 3 - Tone 4 0.58% 10 1

listenerswereunableto clearlydistinguishbetweenthe
�

zan4
- zhan4� pair in thesibilated-unsibilatedcategory, andthusthe
replacementpair of

�

zui4 - zhui4� hasbeenchoseninstead.
Small grouptestinghassincecon�rmed that this pair is more
distinguishableto native Taiwanesespeakers. No signi�cant
differencein CDRT result were noted for Singaporeanand
Malaysianspeakers of Chineseas against a PRC reference.
The full list of wordsusedis termedthe NCDRT part I, and
is given in full in �g. 3.

Table VI, discussedpreviously, identi�ed the number of
eachtonepair that is includedin theoriginal CDRT-Tonetest,
andpresentedthe numberthat shouldbe testedif pairsareto
be testedin proportionto their degreeof confusion(with the
overall testcorpusof 40 pairsbeingmaintained).

Using this methodology, a replacementset of words has
been determined,which includes tone confusion pairs in
proportion to their degree of confusion.This new word set,
namedthe NCDRT part II is given in �g. 4. The characters,
all in commonusein the PRC,arepresentedin both jianti-zi
simpli�ed form and hanyu pinyin, and are easily recognised
in the absenceof noise.

Initial indications,usingthe NCDRT part II, shows that the
words scalewell with the degreeof occludingnoiseapplied,

Fig. 4. Listing of hanyu pinyin andsimpli�ed-form Chinesecharactersfor
the NCDRT part II test,arrangedin six tone-confusioncategories
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Fig. 3. Listing of hanyu pinyin andsimpli�ed-form Chinesecharactersforming the six word attribute categoriesof the NCDRT part I

andaremorerepresentative of humantoneconfusionthanare
the original testwords.To examinefurther, subjective testing
was performedusing the new NCDRT part II words. This
involved � ve listenersin a headphone-basedpencil-and-paper
test. Words were occludedby AWGN and presentedat two
secondintervals.

The results are shown in table VII and indicate that the
�

tone1 - tone4 � category, missingin theoriginal CDRT-tone
test,is clearlythecauseof a signi�cant degreeof confusion.A
moredetailedanalysisof the resultsindicatesthaterrorswere
spreadwidely amongthe tone pairs. This is shown in �g. 5
which plotsa histogramof thenumberof listenersresponding
erroneouslyto the sameword pair.

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

TABLE VII

NCDRT-PART I I TONE TEST RESULTS

Heardas: Tone1 Tone2 Tone3 Tone4
Tone1 spoken 89.63 3.70 0.00 6.67
Tone2 spoken 2.61 90.43 0.00 6.96
Tone3 spoken 3.33 3.33 93.33 0.00
Tone4 spoken 7.50 2.50 0.00 90.00

following sectionVI.

VI . NEW CHINESE DIAGNOSTIC RHYME TEST

BASED upon the material presentedin the preceding
sections,the NCDRT hasnow beende�ned. The word

lists are shown in �gs. 3 and 4 respectively, and this section
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Fig. 5. Histogramof numberof listenersrespondingerroneouslyper pair

will provide an overview of the testmethodologyandresults
analysis.Much of themethodologyis deliberatelybasedupon
theoriginal ANSI standardfor intelligibility testingof English
speech[1], sincethis is known to have characteristicsof both
repeatabilityandoverall accuracy.

The intentionof this section,is to provide a self-contained
testandmethodologyfor the intelligibility testingof Chinese
speech.

A. Testoverview

The NCDRT is bestappliedas a comparative test - high-
lighting thedifferencebetweenarecordingof referencespeech
and the same speechdegraded by a speechprocessingor
communicationssystem.Unlike in the original ANSI recom-
mendations[1], we will assumethat in all casesthe speech
under test is pre-recordedand pre-processedprior 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 any degradationcausedby
the system.In suchcasesthe referencespeechitself mustbe
arti�cially corruptedwith noiseprior to testing.In broadterms
this movestheoperatingpoint to oneof slightly lower overall
intelligibility, revealing borderline intelligibility features in
the speechthat may otherwisebe hidden. The intention is
to ensure that neither the original set of words, nor the
degradedaudio,yield a responsescorenearto limits of either
100% or 50%. Thesetwo extremescorrespondrespectively
to audio �delity so excellent that no perceptibledegradation
hasoccurred,andto suchpoor �delity that the resultscoreis
indistinguishablefrom guesswork.

The pre-processingmethodis shown in �g. 6. Word lists
are read out by a numberof speakers and recorded.Ideally
the numberof speakersshouldmatchthe numberof listeners
accordingto Voiers [3], and should include both male and
female speakers. In practice however, fewer speakers than

Fig. 6. Block diagramof audio pre-processingperformedwhen preparing
to undertake an NCDRT test

Fig. 7. Block diagramof NCDRT testarrangement

listenersare generally employed in the tests.The speaking
environmentshouldbe quiet and echo-free,and the recorded
speechshouldnot be so loud as to clip or so quiet as to be
too noisy. A rule of thumbfrom the recordingindustryis that
whenspeakingnormally the recordedspeechlevel shouldbe
around12dB below full scale.

The set of recorded multi-speaker word lists are then
corruptedby noisefor thereasonsmentionedabove.Generally
a brief calibrationtestis neededto determinethelevel of noise
corruption,ideally moving to a level thatis suf�cient to reduce
the intelligibility scorea little, down to approximately80%to
90% correct.

The noise-corruptedword list is consideredto be the ref-
erencein this test. A copy of the referenceis then passed
through the systemunder test (SUT), the speechprocessing
or transmissionsystem that is being evaluated, to yield a
processedword list. The referenceand processedlists then
form the basisof the testmaterial.NCDRT part I consistsof
80 word pairs,andthus160wordsin thefull word list. Ideally
thesehave beenuttered,and recordedby eachspeaker. Thus
for a two speaker 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 processedby
the SUT. The test material to be presentedto listenersthus
comprises640 words in this instance.

If theword list hasbeenprocessedasanentirerecording,it
will needto be split into individual wordsprior to testing,so
that thesecan be randomlypresentedto listeners.Of course
they couldhave originally beenrecordedin randomorder, but
it is still necessaryto interleave presentationof the reference
andprocessedset in someway.

Theactuallisteningtestis conductedasshown in �g. 7. The
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test material of noise corruptedwords, and processednoise
corruptedwords, is to be presentedto a listeneror panelof
listenersin randomorder, constrainedto bepresentedanequal
integer numberof times each(for exampletwo presentations
of eachword - effectively doubling the testduration).

Eachlisteneris given a two-alternative forcedchoicewhen
beingpresentedwith eachreplayedword, andthusa string of
guesseswould averageout at a 50% correct score.For this
reason,the �nal resultsarecorrectedfor guesswork.

In termsof scoring,themainresultis thedifferencebetween
thepercentageof correctresponsesfor wordswhich have been
processedby the SUT and words which have not. Each of
thesix DRT or NCDRT categoriesalsoyieldsseparatescores,
instructive in determiningwhatword featuresaremostaffected
by the SUT. For examplein [5] a large scorereductionin the
CDRT

�

sibilated-unsibilated� grouprevealsthat the SUT, the
GSM06.10codec,doesnotpreserve sibilationfeaturesaswell
as it preserves other testedfeaturesof speech.Improvements
to thecodeccouldthenbedirectedat thisaspectof thesystem.

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

B. Listenerselection

Listeners should be of `normal hearing', and can be
screenedin advance through a calibration test. Voiers [3]
mentionsscreeningfor self-consistency, which could also be
accomplished,albeit more controversially, through rejection
of extreme outliers in testing results. Otherwise,screening
can assistin calibratinga signal-to-noiselevel of AWGN to
yield a reasonablescorefor unprocessedspeech.ANSI S3.2
[1] de�nesaudiometricallynormalashaving hearingthreshold
levels no higher than 20dB and no lower than -10dB at any
frequency from 125Hzto 8kHz asmeasuredby anaudiometer
which complieswith ANSI S3.6-1989or ASA 81.

Wheresuchaudiometersare unavailable,a calibrationtest
consisting of several CDRT words may well reveal gross
hearingdefects.An assumptionmay be madethat frequency-
selective hearinglosswill beuncommonamongvolunteersfor
a hearing-basedtest,and in any caseshouldbe picked up by
calibrationtesting.Whenusingstudentsfor testsubjects,it is
useful to questionsubjectsto identify any patternof listening
to loud rock music. In particular, subjectsarriving at the test
locationwearingin-earheadphonesat suf�cient volumeto be
heardby the tester, areunlikely to make reliabletestsubjects.
Voiers [3] considerseight listenersto be suf�cient, however
it is the practice of the author to typically arrangefor 20
listeners.

During listener selection,it is important to considerand
clarify con�dentiality issues.It would seemthat the optimum
approachwould be to maintain con�dentiality by not iden-
tifying particular listenersby name. Resultsshould not be
madeavailable to third partiesin any way that could identify
particulartestsubjects,without obtainingthe prior agreement
of the individuals concerned.It is also important to ensure
that listenersareaware that this test doesnot re�ect on their
abilities in any way: it is not a hearingcompetition,but rather
an assessmentof the abilities of the systemundertest.Above

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

C. Testconduct

During the test, each listener is given a two-alternative
forcedchoiceof responsefor eachrandomlypresentedword.
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 listenersareawareof the word
choicebeforethe word hasbeenheard.Word choicesmay be
presentedin simpli�ed or full characterforms, hanyu pinyin
plus tone,or any combinationsimultaneously.

For pencil-and-papertesting the listener is always able to
view alternatives prior to hearing the word. In either case,
they arerequiredto choosewhich word they have heardeither
throughticking a responsesheet,or pressingthe appropriate
push-button. The latter methodis advantageousin 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-papertesting,caremustbe taken to ensurethat the
listenerexpectationdoesnot get out of sequencewith respect
to the audioplayback.

Listenersshouldbefamiliarisedwith thetestequipmentand
procedure,ideally througha trial or calibrationrun, prior to
the main test.Oneuseful techniqueis to prependthe last few
words from the end of the test sequenceto the beginning.
Theseare then to be used for training and familiarisation,
but are not countedas part of the results. It is important
that the training words representall of the speakers included
in the test, and is often instructive to manuallycomparethe
resultsfor repeatedwords. In theory, listeneraccuracy from
the beginning will gradually improve throughtraining, reach
a plateauwhich shouldlast for the durationof the test,before
eventually reducing through listener fatigue. Fatigue occurs
naturally, andis evidencedwhentrackinguserscoresover time
througha droop in accuracy. This effect can be exacerbated
by factorssuch as visual distraction,meaningthat although
testsdo not need to be conductedin an anechoicchamber
for auditory reasons,the sensoryisolationavailable in sucha
location is a de�nite advantage.

In longer tests, fatigue can be combattedby allowing
periodicrestsduringthetest,with thetrade-off that theserests
will themselves increasetest duration and may thereforebe
counter-productive. A two-speaker NCDRT test consistingof
160 basic words and 80 tone words, repeatedtwice, would
result in 1920words in the testcorpus.If thesearepresented
at 2 secondintervals, test duration would exceedone hour,
and listener fatigueeffects could be expected.It is therefore
preferableto conductthe NCDRT part I and part II testson
separateoccasions.An optimalword presentationrateof once
every 1.33secondshasbeenreportedby otherauthors[3] for
the original EnglishDRT test.

Both listenerpanels,and individual listening testsarepos-
sible, and for the NCDRT it is even possibleto conductthe
test individually usingheadphones.Wherelistenerpanelsare
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chosen,careshouldbe taken to minimisedistraction,andany
possibility of copying.

D. Analysisof Results

The resultspost-processingadvocatedby Voiers[3] for the
DRT should be usedto eliminate the effects of guesswork.
For ��� correctresponsesand ��� incorrectresponsesamong

	

testitems,thepercentagecorrectscore,
�� is obtainedfrom
(1):



���������

���������

	 (1)

This scoreis applied to the overall NCDRT to provide a
percentageintelligibility for all wordswithin the test(for both
referenceandprocessedlists). Thedifferencebetweentheseis
a singleintelligibility degradationmetric for theentiresystem.
NCDRT partsI and II scorescan be calculatedseparatelyto
identify phonemeandtonal intelligibility respectively. Within
eachpart, a per-classresult breakdown 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 shown in
�g.3, and can in theory be related to the particular aspects
of a speechhandlingsystemwhich caterfor thosefeaturesas
explainedbelow:

�

air�o w-no air�o w � highlightsthedifferencebetweenconso-
nantssuchas/p/ and/ch/ whereair�o w is large,to alternatives
such as /b/ and /zh/ where air�o w constriction takes place.
Both lung excitation andpitch differ betweenthe alternatives.

�

nasal-oral� underpinsnasalitytestingwhereair�o w andres-
onancethroughthenasalpassageaccompany vocal resonance,
theseare differentiatedthroughpairs suchas

�

m-b� and
�

n-
l � . However subjective experienceindicatesthatmany Chinese
speakerswill confuseconsonantpair

�

n-l � .
�

sustained-interrupted� comparesfricatives with stops or
affricatives. “In Chinese,the fricatives are /f, h, x, sh, s, r/,
the stopsare /b, p, d, t, g, k/, and the affricatesare /j, q, zh,
ch, z, c/. Thus, the pairs of

�

f-p � ,
�

x-q � ,
�

h-k � ,
�

s-c� ,
�

sh-
ch� and

�

r-l � arechosen(similar to the DRT except for
�

r-l �

which is Chinesespeci�c)” [4]. Sincefricativesaregenerally
of relatively high frequency, the �delity of this classrelatesto
the handlingof the higher-frequency regions in speech,often
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
relating to �delity of pitch handling.

�

grave-acute� distinguisheswordsthatarearticulatedthrough
different tongueposition at the front of the mouth, and are
generallyheavily voicedwith low-frequency energy, thusthis
classcan re�ect on the handling of low frequenciesby the
SUT.

�

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

NCDRT part II is better consideredas an overall metric,
ratherthana per-category score.This is primarily becausetone

is relatedto pitch �delity , meaningthat a pitch coding unit
would have responsibilityfor thescoreof all of thecategories
in thetonetest.However, it mayalsobepossibleto categorise
baseduponthe physical tonespacedifferencesin tableIII, in
thatsometonesdiffer in absolutefrequency, while othersdiffer
in changeover time. Comparisonof the degradationresults
for thesetwo super-classesreveals the ability of the SUT to
caterfor absolutepitch locationagainst its ability to convey a
suf�ciently fastpitch updaterate.

E. TestAdaptation

TheNCDRT adheresto thespirit of theDRT test,especially
in therhymingwordsof partI, whereaspartII appliesthesame
methodologyto themeasurementof toneconfusion.Although
thecharactersin theNCDRT have beenchosensoasto beus-
ableby themajority Chinesedialectgroup,in particularthose
with a Beijing-standardpronunciation,it is recognisedthat
several regional variationsin pronunciationof eachcharacter
may exist. While the hanyu pinyin romanizationdoesspecify
thephoneticcharacteristics,many Chinese,especiallythoseof
middle ageor older, may not be comfortablereadinghanyu
pinyin and thus would needto be presentedwith characters
during the execution of the test, thereforehaving few cues
to pronunciationapartfrom recollectionof the soundof each
character. Sinceit is importantto maintaintherhyming nature
of word pairs, it is to be expectedthat usersof the test may
occasionallysubstitutedifferent rhyming words into the test
to matchlocal pronunciations.In suchcasesthe replacement
wordswill preferablybe similar to the originals in degreeof
voicing,sibilation,air�o w, nasalresonanceandCVC structure.

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

1) Characterpairsare to be usedas the testunit, grouped
by distinctive featuresimilar to theDRT. In NCDRT part
I they occupy six phoneticgroups,whereasin NCDRT
part II they spanall possiblepairsof tonedifferences.

2) The monosyllablecharactersshouldtake a CV or CVN
form.

3) For NCDRT part I, only theinitial consonantis different
and toneshouldbe the sameacrossthe pair.

4) For NCDRT part II, only the tone shoulddiffer - apart
from this the pronounciationof both words in the pair
shouldbe identical.

5) Neithercharacterin a pair shouldbehardto pronounce,
andboth shouldbe in (ideally equally)commonuse.

6) The pronunciationof the charactersshouldbe single.
7) The pair list shouldcover as wide a syllable rangeas

possible(differentphonemesandtones).

VI I . CONCLUSION

T HIS paper has presenteda New Chinese Diagnostic
Rhyme Test (NCDRT) comprising two parts. Firstly a

subjective phonemeintelligibility testbaseduponthe English
languagediagnosticrhyme testadaptedto a Chinesecontext.
This test was largely evolved from the previously published
ChineseDiagnosticRhymeTest,but with someword replace-
ment, and conversion to simpli�ed jianti-zi form characters.
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The NCDRT secondpart is a subjective tone intelligibility
test, basedupon new experimentalevidence relating to the
confusionof Chinesetone,alsopresentedandanalysedhere.
Togetherboth parts of the NCDRT completely replacethe
previously publishedCDRT andCDRT-tone tests.

It should be noted that there is a large variability in
publishedresultsof Chinesetoneconfusion.Issuesregarding
theuseof carriersentence(andthustheeffectsof tonesandhi),
word choice, speaker or synthesiserused,methodsof word
degradation,amplitudeor power normalizationandsubjective
testmethodologyall affect results.In additionregionalaccents
anddialectsof testsubjectsplay a part in overall DRT results.
In this paperthe use of a Beijing-standardannouncer, large
group of test subjectsfrom acrossChina, large word choice,
andSNR-normalizedworddegradationwereusedto determine
the confusion characteristicsof DRT-style words spoken in
isolation. This evidencehas then beenusedto underpinthe
NCDRT methodology, in particular for the NCDRT part II
tone tests.

This paper provide both parts of the NCDRT in hanyu
pinyin romanizedformatplus toneidenti�er, andin simpli�ed
jianti-zi characters.Either canbe usedto conductintelligibil-
ity testing,dependingon listenersrequirements.A complete
proceduraloverview of the methodologyfor conductingthe
subjective Chineseintelligibility tests using the NCDRT is
provided.
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