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Abstract

The present study investigated the importance of different segments and the
importance of tone in spoken word recognition in Taiwan Mandarin by using isolated
disyllabic words. Cohort model (1978) emphasized the absolute importance of the
initial information. On the contrary, Merge (2000) proposed that the overall match
between the input and the phonological representation is the most crucia. Therefore,
this study tried to investigate the importance of different segments and the importance
of onsets and offsets in the processing of Mandarin spoken words. However, the
issues of tone were not included in the previous models. Thus, the importance of tone
was also investigated in this study. The issues about frequency effect were also
explored here. Three experiments were designed in this study. Fifteen subjects were
invited to participate in al three experiments. Experiment 1 was designed to
investigate the importance of different segments in Taiwan Mandarin. In experiment 1,
12 high-frequency disyllabic words and 12 low-frequency disyllabic words were
selected. Each segment of each disyllabic word was replaced by the hiccup noise.
Experiment 2 was designed to investigate the importance of onsets and offsets. In
experiment 2, 12 high-frequency disyllabic words and 12 low-frequency disyllabic
words were chosen. The CV of the first syllable and the VG/N of the second syllable
were replaced by the hiccup noise. Experiment 3 was designed to investigate the
importance of Mandarin tones. In experiment 3, 24 high-frequency disyllabic words
and 24 low-frequency disyllabic words were selected. The tones of the disyllabic
words were leveled to 100 Hz. In the three experiments, subjects listened to the
stimuli and recognized them. The reaction time and accuracy were measured by
E-Prime. The results indicated that traditional Cohort model cannot be fully supported
because words can still be correctly recognized when word initial information is
disruptive. Merge model, which proposed that the overall match between the input
and the lexica representation is the most important, was more compatible with the
results here. However, Merge model needs to include the prosody nodes, so that it can
account for the processing of tones in Taiwan Mandarin. In addition, the current study
also showed that the first vowel of the disyllabic word is the most crucia and the
second vowel of the disyllabic word is the second influential since the vowel carries
the most important information, including tones. The results of experiment 2
demonstrated that the onsets and offsets are amost the same important in Mandarin.
Furthermore, vowel is the most influential segment for the perception of Mandarin
tones. Finally, frequency effect appeared in the processing of Mandarin words.

Keywords. spoken word recognition, Taiwan Mandarin, Mandarin tones, segments,
Cohort, Merge



TABLE OF CONTENTS

CHAPTER 1 INTRODUCTION ... ..ttt ittt e e e e e e e e e e 1
1.1 The background of spoken word recognition..............ccocveiiiiiennanee. 1

1.2 Motivation and research qUeSHIONS..........covvvviiiiiiiiiiiiine e A
1.30rganization... PP
CHAPTER 2 LITERATURE REVIEW.. PP 10
2.1 Models of spoken word recognition............ccviuiieiie i e e e 10
2.1.1 Cohort model (1980)......cuiiuiiei i e e e 10

2.1.2 Merge (2000) ... ...uenieitee et e e e e 31
2.2 The role of acoustic onsets and OffSets......cccoceiiiiiiiiiii i, 15
2.3 Mandarin phonological SyStem..........cooov it e 20

2.4 The acoustic-phonetic cues of the consaenantaiwan Mandarin........... 20
2.4.1 The acoustic-phonetic cues Of StOPS.wwcvvieireiieineininnn.. 21
2.4.2 The acoustic-phonetic cues of nasals....................ccoeeenen. 22

2.4.3 The acoustic-phonetic cues of fiesi...............co v i ienn .22

2.4.4 The acoustic-phonetic cues of affesa.......................cooeneee. 25

2.5 The acoustic-phonetic cues of the vowelRiwan Mandarin................25

2.6 Mandarin tone.. a2 2D
2.6.1The perception of Mandarin Chines@$on............................. 25

2.6.2 The processing of Mandarin tone............ .o v eeveennn. ... 29
YU 1101 0= T U S PTPURC ¥
CHAPTER 3 METHODS . .. .. e e et 33
3.1 SUDJECES. .. .33
3.2 EQUIPMENT. .. e i e e e e e e e e e 33

3.3 Stimuli.. e L NAQCANNN A 038
3.3.1 Word frequenues ......................................................... 34
3.3.2 Segmentation.........coovivviiiiiiiiiei e A3

3.3.2.1 Segmentation of the initial somant............................. 35
3.3.2.2 Segmentation of prenucleareglid ...............cccveiiinnnn, 36
3.3.2.3 Segmentation of vowels............coccevviiieiee 39
3.3.2.4 Segmentation of postnucleateslj and final nasals............ 41
3.3.3 The leveling of tONES.......c.uoviiiiiiii e 42

I 0 1D T o | o P
IS T ud (0 101=10 11 ] (=3 TR (o

CHAPTER 4 RESULT S ..o e e e e e 48
4.1 Experiment 1: one-segment diSrUPtiON.....oc..covvveviiiiiiiiiiiiieee e 48
4.2 Experiment 2: two-segment diSruption..........coeeeeiieini e ie i eene 53



4.3 Experiment 3: tone leveling.........cooooiiiiiii s 60
CHAPTER 5 DISCUSSION. .. ... et e e e e e 64
5.1 The results and the two models (CohortMatye).............eeiiiinieeeenieeee. 64
5.2 Cohort and Merge models in Taiwan Mandarin............................ 66
5.3 Merge model: Spoken word recognition invem Mandarin....................... 70
CHAPTER 6 CONCLUSION. ... e e e 74



LIST OF FIGURES

Figure 1 Schema of the cohort model.........cceiii e, 12
Figure 2 The basic architecture of Merge (NorrisQdeen, & Cutler, 2000)......... 14
Figure 3 Acoustic-phonetic characteristics of fiivas (Borden et al., 1994)............ 24
Figure 4 The marked part designates the initiasooant /t/ in /ta51c4e35/........... 36
Figure 5 The marked part designates the prenuglek M/ in /ta51 cUe35/......... 38
Figure 6 The marked part designates the voweh//tan21 f'wan35/.................. 40
Figure 7 The marked part designates the final nfasal /xwan35 tin51/............41
Figure 8 The test item] -~ (/tson55 ¢cin55/, a center) whose tones are leveled at
around 100Hz.. T : 42
Figure 9 The test item /m|n35d1351/ ‘the common people’% E}') whose second
rime is replaced by the hiccup NoISe...........coiiiiii i 57.

Figure 10 The test item /nejsby35/ ‘contents’ | FL) whose initial CV is replaced
by the hiccup noise... PP o1



LIST OF TABLES

Tablel High frequency words: one segment disruptian................cooevviennn, 48
Table2 Low frequency words: one segment disruption..............................50
Table 3 Incorrect responses of tones (high-frequemeords): one-segment
(015 197 o] (o] o 1 PP - Y24
Table 4 Incorrect responses of tones (low-frequenegrds): one-segment
(015 197 o] (o] o 1 PP o X
Table 5 Two segment-diSruption. ..........o.ouiieiieiie i e ne 2 D3
Table 6 Incorrect responses of tones: two-segmenigion...........................56
Table 7 Results of tone-leveled stimuli



CHAPTER 1 Introduction

1.1 The background of spoken word recognition

Speech perception has been a popular issue foratelerades. Researchers in

different fields, such as physics, engineeringguistics, and psychology, keep

concerning the issues of speech perception regaitiv humans perceive speech

sounds effectively and efficiently. In the field lofguistics, the long-term issues that

have always raised many scholars’ interests reggrsibeech perception include how

acoustic signals map to the phonetic segments, pbanetic segments map to

phonemes, and how phonemes are combined to foraswor

Concerning the issue of speech perception, the fandamental problem is how

acoustic properties map to phonetic segments. Alaogrto many previous studies,

acoustic signals vary among individuals, betweemdges, and even within a

particular person. In addition, the acoustic prtipsrof a specific segment also alter

from context to context. Therefore, how human petical systems decode these

various acoustic signals, and how human percegitsgéms pick out any invariance

among a plethora of variance in speech signalsgeech perception, have been the

issues tackled by many researchers for many years.

Another unresolved issue as to speech perceptihas the elementary unit of

perception is. Traditionally, it is assumed tha ghonetic segment is the elementary



unit of speech perception because it can diffesémtone word from another and it is

the minimal speech sound unit (Cutler, Norris, &lliains, 1987). However, some

proposed that it is the phonetic feature that ésttbe basic unit of speech perception

for the reason that it cannot be broken down furthi® other smaller linguistic unit

(Jakobson, Fant, & Halle, 1952). Different from thleove mentioned suggestions,

some studies indicated that the syllable is thenetgary unit of speech perception

since it is impossible to draw a clear-cut boundaeyween segments in a syllable

(Savin and Bever, 1970). The acoustic propertiesnaf segment overlap with those

of the preceding or the following segments. Thewefovhat the elementary unit of

speech perception is still a controversial issuedeearchers to explore.

As already noted, in the early field of speech egtion, researchers mainly

focused on the phonetic segments, including howetio segments are discriminated

from one another, and how the phonetic segmentsategorized. In the 1970s, a new

issue concerning the processes and representdtioqerception of spoken words

attracted many researchers’ attention. This neueigame from the concerns that a

comprehensive theory of speech perception cannigt focus on the consonants,

vowels, and syllables. How the hearers perceiveuwsmtkrstand the fluent speech is

the most crucial issue. Hence, spoken words betiaen®cus of the research.

Prior to the studies on the perception of spokerdsiadhe research regarding the



perception of printed words had already been ingattd by many scholars. However,

the theories about the recognition of visual wooislld not be applied to the

recognition of spoken words, since the theoriesceoring the recognition of visual

words could not explain how the acoustic signaks perceived by listeners and

mapped to the hundreds of thousands of represemgat the human brain.

One of the most significant models of the recognitof spoken words was the

Cohort theory, which was proposed by Marslen-Wilsqi978, 1980).

Marslen-Wilson’s Cohort theory turned over a newflen the history of speech

perception and set up the field of spoken word geimn. According to the Cohort

model (Marslen-Wilson & Welsh, 1987), word initi@formation is very crucial for

activating an initial set of hypotheses about theouatic input. However,

over-emphasizing the word initial information rdsuin incorrect prediction since

humans can still correctly recognize a word everthé word initial phoneme is

disrupted. Thus, some models were invented to matié defects of the cohort

theory. In contrast with the cohort model, disraps of word-initial phonemes in the

models such as Race (Cutler & Norris, 1979), TRAGECIelland & Elman, 1986),

Shortlist (Norris, 1994b), and Merge (Norris, Mc@ue and Cutler, 2000) are not

disastrous because the acoustic information obther phonemes still contributes to

the activation of a lexical entry. Although theradhalready been some studies



pointing out the shortcomings of the Cohort theoity,could not deny that

Marslen-Wilson’s Cohort theory aroused many conedaon the following decades.

Actually, many issues that are still active in fleéd of spoken word recognition now

are either closely related to the Cohort theoryrging to modify the defects of the

original model.

1.2 Motivation and research questions

Four groups of questions will be discussed in #tigly. Questions to be asked

involve the following.

(i) Is the word-initial information such important ast®©rt theory predicts? If

this is the case, then any stimuli in the experinoéthis study whose initial

segment is replaced by the hiccup noise cannoetmied correctly. If the

word-initial information is not as crucial as wtiaé Cohort theory predicts,

then those stimuli whose word-initial segments @disgupted can still be

perceived correctly by the listeners. However, hé tresults show what

Cohort theory predicts is wrong, then it raisesdhbestion about the status

of the acoustic onset and offset in spoken wordgsition. That is, is it the

onset or the offset that is the most crucial fookgm word recognition in

Mandarin?

Among the models of spoken word recognitioeyehare two different



arguments concerning the importance of the ingeyment. Cohort theory

(Marslen-Wilson & Welsh, 1978) proposed that adfetepresentations in

memory are activated by the acoustic input, knowntle word-initial

cohort. All of the words which have the same ihiieoustic information as

the input signals are activated in the listeneriadnTherefore, the early

Cohort theory put much emphasis on the importarfcth® word-initial

input, suggesting that spoken word recognition wooiteak down if the

initial input is seriously disturbed. However, atlhmeodels of spoken word

recognition did not emphasize the importance ofwioed-initial input to

such an extent. The Merge model (Norris, McQueenCagtler, 2000)

focused on the overall similarity between the atiousputs and the words

being activated. It suggests that word-initial segiis not of critical

importance. Even though the word-initial informatiis severely damaged,

the particular word can still be activated and ggiped depending on the

rest of the acoustic information. Although a greatber of studies have

been conducted to investigate the importance ovitre-initial information

in the recognition of spoken words, few studiesugsz on the role of the

final segments in spoken word recognition (WingfielGoodglass, &

Lindfield, 1997). In addition, most of the studiesncerning this issue



(ii)

focused on English or some western languages ssidbugch; very few

focused on the role of the initial and final segtsem spoken word

recognition in Mandarin. Hence, these questionsedbasn the gaps

mentioned above will be tackled in this study.

What is the status of different segments in spokerd recognition? If the

initial consonant is the most important segmerggoken word recognition,

then the result of the experiment will predict thegest reaction time and

lowest accuracy when the initial consonant is regdiaby the hiccup noise.

However, if it is the prenuclear glide, vowel, pustlear glide, or the final

nasal that occupies the prestigious status in spolad recognition, then

the result of the experiment will presage the |lehgeaction time and

lowest accuracy when the prenuclear glide, vowektquclear glide, or

final nasal, is replaced by the hiccup noise.

One of the active questions in the field of spok&md recognition is about

the nature of lexical and sublexical representati®tesearch on the lexical

competition mainly put emphasis on the competitibetween the

representations of words. Nevertheless, anothaiatrissue regarding the

spoken word recognition is the nature and existentesublexical

representations. Marslen-Wilson and Warren (1994ued against the



(iii)

existence of sublexical representations. They siigdethat phonetic

features maps to words directly, without any intedmte sublexical

representations. Other researchers, in contraSotwrt theory, argued for

the nature and the existence of sublexical reptasens though different

models proposed different viewpoints about the radions between

segmental and lexical representations. At preseath evidence is in favor

of the existence of sublexical representationspmirast with Cohort theory.

However, there is still a gap in that few studiesused on the role of

different segments in a word. Thus, the questiamrerning this gap will

be dealt with in this study.

Can the spoken words be recognized successfulheitones of the words

are leveled? What is the interaction between Mandanes and segments

in the recognition of spoken words? Which segmeainely, the initial

consonant, prenuclear glide, vowel, postnucleateglor final nasal, is the

most influential segment for the perception of Manmal tones? If the

segment which is replaced by hiccup noise resnlthé wrong perception

of the particular tone, it can be inferred that Hegment carries the most

important acoustic information of that tone. If tegment which is

replaced by hiccup noise is perceived correctlyceaning its tone, it



(iv)

suggests that the acoustic information in that ssgns not enough to cause

the incorrect perception of Mandarin tone.

In the history of speech perception, the issteggarding how the

acoustic signals map to phonetic features, how @ihorieatures map to

phonemes, how phonemes map to syllables, and hdableg map to

words, have already been tackled by a number efarekers. These issues

are segmental. Other issues concerning suprasegimesne also been

explored. For example, studies about segmentatiomvards in fluent

speech suggested the prosodic solution to the s#gtita problem, which

stated that listeners parse the speech stream Dpipitexg rhythmic

characteristics of their language (Cutler, 1996¢l€2u& Norris, 1988).

Although a great number of studies have been cdaduo investigate both

segmental and suprasegmental issues about speeeptpe, few concern

the status of Mandarin tones in speech perceplibarefore, the status of

Mandarin tones will be investigated in this study.

Does frequency effect affect Mandarin spoken woetognition? If

frequency effect really exists in Mandarin, thee thaction time of the high

frequency words will be shorter than that of thes ivequency words. To

the contrary, if the frequency effect plays no roléMandarin spoken word



recognition, the reaction time of the high frequemeords will not be

longer than that of the low frequency words.

A number of previous studies have already mtabat low frequency

words are more difficult to be picked up by higaguency words in spoken

word recognition (Monaco, 2007; Savin, 1963; Braaub 1967; Elliott,

1987). Nevertheless, few studies examined this @henon in Taiwan

Mandarin. As a result, the study will examine tlaffect in Taiwan

Mandarin.

Given the gaps mentioned above, in this study, mend to investigate several

issues concerning Mandarin word recognition mooedtghly and completely.

1.3 Organization

The organization of the following chapters is aofes. Reviews of literature on

the models of spoken word recognition, togethehwithumber of issues concerning

spoken word recognition, are discussed in chapteClzapter 3 focuses on the

methods for conducting this study, including théade of the subjects, segmentation

criteria of the initial consonant, prenuclear gli#ewel, postnuclear glide, and final

nasal, the equipments used in this study, alonky thi¢ procedures of the experiment.

Chapter 4 introduces the statistical analyses abded result. The discussion and

theoretical explanations relevant to the studysamvn in Chapter 5.



CHAPTER 2 LITERATURE REVIEW

In this chapter, previous studies on word redagn from acoustic signals, and

the acoustic-phonetic cues concerning consonaotglg and tones in Mandarin will

be discussed. Section 2.1 introduces the cohortem@darslen-Wilson & Welsh,

1978), which is a parallel lexical access modeld @ne Merge model (Norris,

McQueen, and Cutler, 2000), which is one kind afirectionist model. Section 2.2

reviews studies concerning auditory word recognijtfocusing on the acoustic onsets

and acoustic offsets. Section 2.3 puts emphasike@Mandarin phonological system,

including the syllable structure of Mandarin. Sewti 2.4 displays the

acoustic-phonetic cues of Mandarin consonants. i@e.5 briefly shows the

acoustic-phonetic cues of Mandarin vowels. Secfid reviews the perception of

Mandarin tones, putting emphasis on the acousticygtic cues and the processing of

Mandarin tones.

2.1 Models of spoken word recognition

In this section, we briefly introduce two crucialodels of spoken word

recognition in recent years, including Cohort (19&5hd Merge (2000).

2.1.1 Cohort model (1978)

The Cohort model, although share some basic assamspiith regard to lexical

access with the logogen model, was designed taixfiie process of auditory word

10



recognition. Marslen-Wilson et al. (Marslen-Wils&rZwitserlood, 1989; Tyler, 1984;

Marslen-Wilson & Tyler, 1980, 1981) proposed thdtew we hear a word, all of the

words which bear the phonological resemblance Withheard word are activated.

For example, if we hear the sentence “Paul wantddoa ca-...,” cap, capital,
Capricorn, capture, captain, captive, and manyrstheould be activated, which
means that all of these activated words can bedhdidate for selection. This set of
words is called the “word initial cohort”. Hences, the assumption of logogen model,
possible candidates would be activated until thalfcandidate is identified. As the
other parallel access models, activation of a wirdohort model is based on direct
mapping between the speech input and the lexicon.

In Cohort theory, all possible candidates &xidal access would be activated by
the auditory input and then eliminated graduallythey following two ways-either the
context narrows the word initial cohort or the pblkescandidates are kicked out as
more and more phonological information is perceiMadthe latter case, as more of
the spoken word is identified, the cohort narrolws window. For instance, if the
phoneme /p/ follows the sequenc®, captain, captive, and all the other words that
have the same initial letters are the potentiadmtates from the initial cohort. The
pool of candidates continues to narrow as moresosignal is received. Only when
one single candidate left can the particular woedrécognized. The schema of the

11



Cohort model and how cohort model operates are showigure 1.

TiIme e >

Input: Recognized [t] [tr] [tre] [tres] [tresp] | Recognized

[trespos] | Phoneme word:

(trespass) Current [tric], [tri], [trespos], | [trespos], | [trespes] [trespos]
Cohort [tarm], [trespos], | [trein], [tres], ...

[trespos], | [trein], [trend],
[trein], [trend], [tres], ...
[trend], [tres], ...

[tres], ...

Figure 1. Schema of the cohort model.

This figure displays that when the phonemés[tecognized, it activates a series

of words which begin with [t]. This set of wordsaalled “word-initial cohort.” As

more and more phonemes are recognized, the activadeds become less and less.

Finally, when the phoneme [p] is recognized, thedMdrespos] is also recognized

because the phoneme sequencesfy can only activate [spos] but no other

candidates.

Originally, the Cohort theory puts heavy emphasis tbhe absolute match

between the perceived auditory signal and the plbgreal representation in the

mental lexicon, which means that the word initidimsilus is of paramount

importance and cannot be mispronounced or blocked bough or the surrounding

noise. If the initial stimulus is disturbed, the ndanitial cohort cannot be activated.

However, subsequent experiments indicate that a wan still be recognized even if

the initial input of the word is obstructed (Marslé/ilson, 1987). Therefore, the

12



Cohort theory was revised by Marslen-Wilson (1983@)that the system chooses the
best match to fit an incoming word. Under this sed Cohort theory, word
recognition depend less on the initial auditoryunpA word can be recognized as
long as the phonological representation of thatdwsirares enough features with the
incoming stimulus. Nevertheless, Marlen-Wilson (@P8&emphasized the importance
of the word-initial information because lexical igation would be obstructed even if
all the other information except word-initial infoation is consistent with the target
words.

2.1.2 Merge (2000)

The Merge model (2000), which is an autonomous inoslas proposed by
Norris, McQueen, and Cutler. The network of Mergs ia simple
competition-activation network which is the samettes basic dynamics as Shortlist
(Norris, 1994b). In Merge, there are three typeshofles, including input nodes,
lexical nodes and phoneme decision nodes. As inir€i@, the input nodes are
associated by facilitatory links to the appropriséggical nodes and the phoneme
decision nodes. The lexical nodes are also conmdayefacilitatory links to the
suitable phoneme decision nodes. But, differennftbe TRACE model (McClelland
& Elman, 1986), an interative model, there is nedigack from the lexical nodes to

the prelexical phoneme nodes. Inhibitory activatiappens between lexical nodes as
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well as phoneme decision nodes, but not betweart mmes.

job  jog jov joz

7

/

\ /]

VL=

Figure 2. The basic architecture of Merge. The lfatory connections, which are unidirectional, are
displayed by bold lines with arrows; the inhibitagnnections, which are bidirectional, are illusied
by fine lines with circles (Norris, McQueen, & Gaitl2000)

Figure 2 displays the simulation of the subgateal mismatch in the
architecture of Merge. The network was designeth wierely 14 nodes, including 6
input nodes (&, /o/, /g/, Ibl, Ivl, and /z/), 4 phoneme decision regdnd 4 possible
word nodesjob, jog, jov, joz The latter two word nodes stand for only the flbss
combinations of words, rather than the real words.

The Merge model, which is faithful to the basicnpiples of autonomy, was
designed to explain the data which were not corbfeativith TRACE (McClelland &
Elman, 1986). Merge, with the phoneme decision adbat combine the lexical and
phonemic information flows, provides a simple apgrapriate account for the data
proposed by Marslen-Wilson & Warren (1994), McQuetal. (1999a), Connine et al.

(1997), and Frauenfelder et al. (1990), which cahmeoexplained either by TRACE
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appropriately. Therefore, Merge can give a full larption of the known empirical
findings in phonemic decision making.
2.2 The role of acoustic onsets and acoustic affset

A basic feature of speech signal is its intrinsitectionality in time. When
utterances proceed, speech signals are moving ghenigme line from the beginning
to the end of the utterances. This fundamental gutgpof speech signal strongly
implies that the initial acoustic signal is of pa@unt importance, which is in
accordance with the claims of Cohort theory (Marsiéilson, 1984).

Auditory word recognition is a very complicated damge processing issue
because of many linguistic and non-linguistic fastthat may disrupt the acoustic
cues of speech signal. These disruptive factordudiec speech errors, acoustic
phonetic variability under different phonologicabnaitions, and the auditory
obstructions due to the surrounding noise. Thessiple acoustic disruptions can
happen at any moment of auditory word recognitidonwever, human brains can still
recognize words with little difficulty most of titene. Moreover, the speech input is a
stream of acoustic signal. Hearers do not exactomkwhether the particular input is
in the initial, medial, or final position of a ward

From the above mentioned difficulties of spepobcessing, it is clear that the
Cohort model, first proposed by Marslen-Wilson & [gte (1978), putting great
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emphasis on the importance of initial acoustic ceasnot account for the fact that
speech signal is more or less varied or disruptedeu different circumstances.
Therefore, the Cohort model was revised by MarSlgison (1987), which rejected
the total dependence on the word-initial cues fatitary word recognition. Unlike
the old Cohort model (1978), the relatively new Guhtheory claims that the
disruptions of the word-initial signal are not tead of the world because the
non-word-initial information can still bring abouhe activation of candidates.
Therefore, in the latter Cohort theory, 100 percewitch between the word-initial
acoustic signal and the phonological representati@given word is not as crucial as
what the original Cohort theory claims given theowstic information in spoken
words. In addition, there are other experimentsicatthg that auditory word
recognition is not blocked even though the wordahisignal is distorted. One such
experiment is that an ambiguous phoneme betweeantl/t/ is presented before the
sequence /ajp/. The subjects, after listening ttmutus, have to decide what
phoneme they have heard (Connine & Clifton, 198He result shows that subjects
tend to label the ambiguous phoneme as /t/ whéomied the sequence /ajp/ because
/t"ajp/ ‘type’ is a word. This indicates that the wanitial signal is not extremely
crucial in auditory word recognition; otherwise therd ‘type’ cannot be recognized
due to the ambiguous word-initial acoustic cues.
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Marslen-Wilson and Zwitserlood (1989) conductegeriments to investigate

whether a nonword can activate a real word if tbeword is different from the real

word only by the initial phoneme. The results oeithstudy indicated that the

nonword different from the real word by merely th&ial phoneme cannot activate

the real word generally. According to the resulrslen-Wilson and Zwitserlood

reemphasized the importance of the word-initialoinfation. They claimed that

lexical activation would be barred even if all thgher information except the initial

phoneme is consistent with the hypothesized wortsrefore, mispronunciation of

the initial phoneme of a word cannot facilitate base but preclude the activation of

it. From the result that a nonword derived fromeal word by merely changing its

initial phoneme cannot facilitate the real wordsitlear that word-initial information

is very important in auditory word recognition.dddition to the studies regarding the

initial segment of the input, Nooteboom and van Wargt (1988) compared the

importance of word onsets and offsets. The resultscated that words can be

recognized equally well no matter the inputs araréhdrom the beginnings or from

the endings as long as the hearers knows whichgbpahe words they have heard.

However, they still claimed that word-beginningapity exists due to the fact that

word initial information is more easily to be assbed correctly to the lexical

representation than the word final information.
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Another relevant study concerning the role of thiial segment of a nonword

was done by Connie, Blasko, and Titone (1993). dimpose of their research was to

demonstrate whether phonetically similar initialoppmes in a derived nonword

would be sufficient to produce activation of a beased. They designed the nonwords

which was only one or two phonetic features diffiérédom the base words. The

altered segments of those nonwords were eithehéninitial position or medial

position. The results of the study indicated thbhae word can still be activated by a

nonword with a similar initial phoneme. The resudiso showed that the altered

position of a nonword is not the factor that inflaes the priming effect. Connie,

Blasko, and Titone (1993) concluded that relativalarity of elements in the input to

a lexical representation is critical for auditorgng recognition. Furthermore, it is not

the exact positional acoustic information of a fgatar lexical item that is important

in spoken word recognition, but the overall acauptionetic similarity between the

input and lexical representation that is influentiBherefore, the findings of their

study contradict the cohort theory, which claimattthe initial segment serves to

determine the activated word candidates.

Wingfield et al. (1997) used gating technigqoeinvestigate the interaction

among the acoustic onsets and offsets, the colzert and syllabic stress in English.

Their analysis on the cohort sizes from both fodvand backward gating showed
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that the cohort size is significantly larger at teeognition point from forward gating

than from backward gating for two and three sydalbrds and for all stress patterns.

This finding depicted a great advantage of forwgating over backward gating for

two and three syllable words and for all stressepas, indicating that acoustic onset

information is much more important than acoustifsedf information for all stress

patterns though words can be identified from batgitning and ending directions.

However, Wingfield et al. (1997) degraded the aligolvord-onset priority principle

when taking the stress patterns into considerafibiey assumed that stress patterns

can restrict the cohort size. They showed thatcthtgort sizes at recognition point

were not only significantly reduced, but the colsizes at recognition point were also

equal in both forward and backward gating diredionhis analysis supported the

claim that cohort reduction is a very crucial methm in auditory word recognition,

regardless of direction of gating, which supportdw overall goodness-of-fit

hypothesis, rather than the absolute word-onsetdrifyri principle. Nevertheless,

Wingfield et al. did not deny the fact that moreastic information is needed for

word recognition if a word is gated from its endifidgpat is possibly due to the fact

that, for any given cohort size, a longer gate tlmais needed in the

backward-gating condition than in forward-gatindzinglish.
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2.3 Mandarin phonological system

There are 12 combinations of Mandarin syllablecttme, including V, CV, GV,
VG, VN, CVG, CVN, CGV, GVG, GVC, CGVG, and CGVN. Mandarin, a syllable
is traditionally divided into three parts, includian optional initial, a final and a tone
(C. Cheng, 1973). The initial part can be a nasah @onsonant. The final part
contains an optional prenuclear glide, a vowel, anaptional postnuclear glide or a
nasal. However, during the past two decades, tteissof the prenuclear glides in
Mandarin syllable has raised many debates (Bao2;2¢ip, 2002; Duanmu, 2002;
Wan, 2002a). Under the study, since the statuseoptenuclear glide is not the focus,
the prenuclear glide was not grouped with the oaséte rhyme and was replaced by
the hiccup noise alone just as the initial consbaad the vowel. Last but not least, in
order not to let the duration of the rime be muahger than that of the prenuclear
glide and that of the initial consonant, the rimasviurther divided into a vowel plus a
postnuclear glide, or a vowel plus a final nasache part of the rime could be
replaced by the hiccup noise individually.
2.4 The acoustic-phonetic cues of the consonanfaiiman Mandarin

In Taiwan Mandarin, there are overall 21 omsgisonants, namely, six oral stops
Ipl, 18, It/ 11, 1K/, 1K'/, two nasal stops, /m/, Inl, six fricatives /8, Ix/, Is/, Isl, &/,
six affricates #t/, It"c/, Its/, It"s/, Itsl, If's/, and one liquid /I/. In the following sections,
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the acoustic-phonetic characteristics of those toc@@sonants are introduced. These
characteristics serve as the criteria of segmemtati experiment 1 and 2.
2.4.1 The acoustic-phonetic cues of stops

There are three acoustic-phonetic cues fomdisishing stops. They are formant
transitions, burst amplitude, and duration.

First, formant transitions are crucial for detegtithe place of articulation of
stops. The F2 and F3 transitions from the bilasiaps into the following vowels are
rising. The F2 and F3 transitions from the alvestaps into the following vowels are
almost flat. The F2 and F3 transitions from vetaps into the following vowel come
together. Second, previous research (Repp, 198aited that the burst amplitude of
labial stops is weaker than that of the alveolal aglar stops. Perceptual experiments
have shown that burst amplitude can influence diatification of labial and alveolar
stops. This effect can be better realized on vesktops than voiced stops. Third,
VOT is of paramount importance for the detectionvofcing. Stops, which have
relatively long VOT, tend to be perceived as vasslstops; in contrast, stops, which
have relatively short VOT, are prone to be recoguhias voiced stops. In addition,
voiceless aspirated stops have the longest VOT aoedpwith voiced stops, and
voiceless unaspirated stops. In Mandarin, the nw&@ifs for /p/, Ip/, It/, It'], Ik/, and
/K" are 14 ms, 82 ms, 16 ms, 81 ms, 27 ms, and 92Zasgectively (Chao et al.,
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2006).

2.4.2 The acoustic-phonetic cues of nasals

According to Ladefoged (2000), there are fowoustic-phonetic cues for

recognizing nasals. First, there is a sharp chantfee spectrogram at the time of the

formation of the articulatory closure. Second, faads of the nasal are lighter than

those of the vowel, which indicates that the iniignsf the nasal is weaker than that

of the vowel. Third, the F1 of the nasal is oftamwlow, centered at around 250 Hz.

Fourth, there is a large space above the F1 withenergy. Based on these

acoustic-phonetic cues, nasals can be identified.

2.4.3 The acoustic-phonetic cues of fricatives

The most crucial acoustic-phonetic cue for sspay voiceless fricatives from

voiced fricatives is by examining the extended geof noise (Bordert al, 1994).

The extended period of noise can be easily detemtethe spectrogram. \Voiceless

fricatives have longer duration and stronger intgnslio the contrary, voiced

fricatives (i.e., 2/ in Mandarin) are shorter in duration and weakemiensity, but

their formant frequencies are clearer than thossimieless fricatives.

Fricatives are known for their high-frequen@yse in the spectrum, which is an

acoustic-phonetic cue for distinguishing the platarticulation of fricatives. Another

acoustic-phonetic cue for distinguishing the platarticulation of fricatives is the
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intensity of frication. Sibilants (i.e., /sk// Icl, Iz], Itel, It'cl, Itsl, s/, Its/, and Ns/in
Mandarin) are noted for relatively steep, high-treqcy spectral peaks, whereas
nonsibilants (i.e., /f/ and /x/ in Mandarin) aranfaus for relatively flat and wider
band spectra. Moreover, alveolar sibilants (i€.jd Mandarin) can be distinguished
from palatal sibilants (i.e.,s/...) by the location of the lowest spectral peak. The
lowest spectral peak of the alveolar sibilantsrsuad 4000 Hz, while the lowest
spectral peak of the palatal sibilants is aroun@02B6lz. Furthermore, the intensity
shown on the spectrogram can also differentiatgthee of articulation of fricatives.
Stronger intensity is the feature of sibilants; keyaintensity, the feature of
nonsibilants. This is because the resonating cawmitfront of the alveolar or the
palatal constrictions results in high intensitywéwer, there is no resonating cavity in
front of the labio-dental constriction, which brengbout the relatively weak intensity.

The acoustic-phonetic characterization of fricadiigillustrated in Figure 3.
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Figure 3. Acoustic-phonetic characteristics of &tiwves (Borden et al., 1994)

Figure 3 shows how listeners perceive fricaivd/hen the listener hears an
input, it enters the first filter and is judged kwhether it has noisy sound with
relatively long duration. If the answer is yes, thput is regarded as a fricative and
sent to the next filter. In the second filter, timput is examined by whether its
intensity is relatively high. If the answer is y#ise input is considered a sibilant and
sent to the next filter. In the third filter, thiepiut is investigated by its first spectral
peak. If the first spectral peak of the input isuard 4kHz, it is viewed as /s/ or /z/ and
sent to the next filter. In the fourth filter, tieput is judged by “phonation exists or
duration and intensity small enough?” If the ansisgfes, the input is perceived as /z/;
if the answer is no, it is perceived as /s/. Bysthélters, the input is examined step by

step and finally recognized by the listener.
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2.4.4 The acoustic-phonetic cues of affricates

There are three pairs of affricates in Mandaridl, "¢/, /ts/, It"s/, Its/, and fs!.
According to Ladefoged (2000), an affricate is dyrg sequence of a stop followed
by a homorganic fricative. Therefore, it can beeindd that affricates have the
acoustic-phonetic characteristics of both stopsfacatives.
2.5 The acoustic-phonetic cues of the vowels iw&aiMandarin

Phonetically speaking, there are overall 12 elswin Taiwan Mandarin,
including 4 high vowels ([i], [u], [y], andi]), 2 low vowels ([a] andd]), as well as 6
mid vowels ([e], §], [2], [¥], [0], and p]). Vowels have very different phonetic cues
from consonants. First of all, vowels have muchg&mduration than consonants.
Second, the formants of vowels are much clearer thase of consonants. Third, the
energy of vowels is stronger than that of consanardusing darker spectrogram.
Fourth, the FO in vowels displays the tones in Maimd From the acoustic-phonetic
cues, vowels can be distinguished from consonants.
2.6 Mandarin tone
2.6.1The perception of Mandarin Chinese tones

Lexical tones are pitch patterns that can distisiglexical meanings in a given
language. In Mandarin Chinese, tones, like theratga and unaspirated stops, are
phonemic features that can differentiate word nmegsi Mandarin Chinese
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phonemically distinguishes four tones, which areerd, with high-level pitch, Tone

2, with high-rising pitch, Tone 3, with low fallirgsing pitch, and Tone 4, with

high-falling pitch (Chao, 1948). The same syllalsieucture can have different

meanings if it carries different tones. For ins@meawith Tone 1 has the meaning of

‘mother’; ma with Tone 2 has the meaning of ‘numbnessg with Tone 3 has the

meaning of ‘horse’ma withTone 4 has the meaning of ‘scold’.

There are several factors that can affect tregption of Mandarin Chinese

tones. First, fundamental frequency plays a rolethe Mandarin Chinese tone

perception. Previous acoustic studies have fouatthie FO height and FO contour are

the acoustic cues for Mandarin Chinese tone pearegtowie (1976) performed the

tone perception experiments to test whether thicgaants could identify the correct

tones of the stimuli. Howie designed three conggstonditions, which were

synthetic speech with natural FO patterns, syrthgtieech with the monotonic FO

contour, and synthetic speech sounding like a velisphe results showed that

subjects easily recognized the synthetic speeclthvRD patterns were maintained.

Gandour (1984) and Tseng & Cohen (1985) indicated both FO height and FO

contour are very crucial acoustic cues for Mand#ite perception. Neither one can

be missed. Moore and Jongman (1997) differentiditede 2 from Tone 3 in terms of

two characteristics. One is turning point, whichlihe point in time at which the tone
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changes from falling to rising, and the otheARO, which is the FO change from the

onset to the turning point. Moore and Jongman fainadl the turning point of Tone 2

is earlier than that of Tone 3, and thEO of Tone 2 is smaller than that of Tone 3.

Comparing the acoustic cues of Tone 3 and Toneaddig et al. (1986) found that

the stimuli which have the early peak of pitch dakdl dramatically after the turning

point tend to be perceived as Tone 4. The stimhickvstay at low FO range and have

long duration tend to be recognized as Tone 3. FBhisly demonstrates that FO

contour is of paramount importance for Mandariretperception.

The second factor that can influence the pei@mepf Mandarin Chinese tones is

the temporal properties of tones. According to pheduction data, Nordenhake and

Svantesson (1983) found that the duration of Torie the longest, which is only

slightly longer than that of Tone 2, while the dioa of Tone 4 is the shortest. Given

that the FO contours are similar between Tone 2 &mae 3, Nordenhake and

Svantesson (1983) further indicated that Tone 2dcba perceived as Tone 3 if it is

lengthened.

In addition to FO and duration, amplitude cdsoaaffect the perception of

Mandarin Chinese tones though only to a small éxtéfhalen and Xu (1992)

designed stimuli whose formant structures and Rttozos were removed, but the

amplitude cues of the stimuli were reserved, armah ttney asked the participants to
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identify the stimuli. The results demonstrated tpatticipants could successfully

identify Tone 2, Tone 3, as well as Tone 4, butttarecognize Tone 1.

From the above mentioned studies on acoustongtit characteristics of

Mandarin Chinese tones, it is clear that fundamédntéguency, turning pointAFO,

duration, and amplitude are the acoustic cues wiplely a critical role in the

perception of Mandarin Chinese tones. Neverthetbssacoustic quality of tones can

be influenced by the surrounding context, which raéso affect the perception of

tones.

Shen (1990) studied the tonal coarticulatioMahdarin Chinese and found that

tonal coarticulation not only affects the FO heighthe onset or offset, but it affects

the FO height of the entire word. The tones thatnaost easily to be affected are those

which follow Tone 1 and Tone 2. Both Tone 1 andél@have high offset FO value,

which can raise the entire FO value of the follayiones. In addition, the high onset

FO value of Tone 4 also has the effect of raishegywhole FO value of the preceding

tones. Unlike Tone 1, the offset of Tone 2, ancebin$ Tone 4, the onset of Tone 2 as

well as Tone 3, whose onset FO value sits on tluglleiof the frequency range, do not

have the ability of raising the entire FO valudlad preceding tones. In addition to all

these findings above, shen also found that thel worgour does not change even if

the tone’s entire FO value has risen. Shen finadiynted out that tonal coarticulation
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cannot extend beyond one syllable.

2.6.2 The processing of Mandarin tone

Lexical tone is of paramount importance in progggsspoken words in tone

languages. Fox and Unkefer (1985) asked subject&ldntify the tone of each

stimulus in a continuum. The results displayed thatresponses were much easier to

make an ambiguous word a real word rather thannavor. By the results, Fox and

Unkefer indicated that lexical tone is an integpalt of lexical representation in

Mandarin. Cutler and Chen (1997) asked the subjéctgudge whether the

monosyllabic words and nonwords in pairs in Cangenaliffering only by onset

consonant, vowel, or tone, were the same or differ&dhe results showed that

responses were slower and more inaccurate whemdfus and nonwords differed by

tone than by onset consonant or vowel. Cutler am&nCproposed that tonal

information arrives later than segmental informatiovhich results in the slower

process of tone. Moreover, Ye and Connie (1999 pp®ed a tone monitoring task.

In the experiment, the penultimate syllable ofithem (tcin55 y51 ljy35 jen35) was

changed to the close tone (ie. Tone 3 and tone aaoustically close) and far tone (ie.

Tone4 and tone 2 are acoustically far) to the fioak, respectively. That i§,.y35

was changed tdjay21 and ljay51. The results demonstrated that responses to far

tones were significantly slower than to close torEse results indicated that tonal
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information maps to lexical representation in adgdhstyle.

Lee (2000) investigated the processing of leximaétand segment in Mandarin by
using the direct form priming task. In the expeneighty monosyllabic Mandarin
words were elected as targets. For each targeg tiere four primes having different
kinds of relationship to it, including ID prime, 9a Seg prime, Same Tone prime,
and Unrelated prime. ID prime means that the pame the target share not only the
same segments but also the same tone, such asntieenflzr2/ (“to run” in English)
and the targeb“zw2/. Same Seg prime refers to the prime and targeinshanly the
segments, but not tone, such as the prithes5 (“to fling” in English) and the target
paw2]. Same Tone prime concerns the prime and targeinghaerely the tone, but
not segments, such as the prifeg/ (“a bandit” in English) and the targefan2/.
Unrelated prime means that the prime and targat@rsimilar at all, such as the prime
teyns/ (“handsome” in English) and the targefzw2/. During the experiment,
subjects heard the monosyllabic prime first anchthelged whether the second
monosyllabic word, the target, is a real Mandariordvor not. By this experiment,
Lee (2000) found that significant facilitatory primg effect appeared for targets
following ID primes. Non-significant facilitatoryrpgning effect occurred for targets
following Same Seg primes, while non-significarttibitory priming effect happened
for targets following Same Tone primes. From thaults, Lee (2000) indicated that
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Same Seg primes cannot fully activate the targit®wgh their segments overlap

totally. Therefore, it can be inferred that lexitahe in Mandarin is used on-line to

resolve lexical identity. Lee also demonstrated tha decrease of activation level

from ID prime, Same Seg prime, to Same Tone prinag be due to the degree of

phonological match between the input and lexicptesentation. That is, Segmental

information has higher degree of phonological matchexical representation than

tonal information, so that Same Seg prime has g&gopower of activation than Same

Tone prime. It can be further implied that tonemisre like a phonetic segment than

an independent tier in the processing of Mandaonig.

2.7 Summary

In this chapter, two models regarding spokendwmcognition and the past

studies concerning the acoustic-phonetic cueshierwtord recognition in Mandarin

were discussed. In general, a gap can be obseahagds, previous studies concerning

spoken word recognition mainly focused on westanmgliages, whereas only a few

studies focused on Mandarin. It is one of our mgouals to fill this gap by

investigating the status of different segments tanes in spoken word recognition in

Taiwan Mandarin.

Two spoken word recognition models, Cohort naaed Merge model, were

presented as well. As a result, in this study, veegming to examine the two models
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to see which model can best explain the spoken wembgnition in Taiwan

Mandarin.
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CHAPTER3 METHODS

This chapter shows the research methods ushisistudy. Section 1 introduces

the subjects’ backgrounds. Section 2 describes rédoerding and broadcasting

equipments. Section 3 introduces the details ofstirauli. Section 4 illustrates the

design and procedures of the study.

3.1 Subjects

Thirty subjects were recruited in this studlyey all lived in Taipei City or Taipei

County. The 15 subjects, 7 males and 8 femaless a#mative Mandarin speakers

and were not good at Taiwan Southern Min. They ve¢rihe age of 22 to 30 at the

time of participating in the experiment.

3.2 Equipments

During the experiment, participants listenedtiie stimuli played by ACER

Aspire One Series computer. E-Prime was used mrddbe participants’ responses.

The reaction time of subjects’ responses was akasared by E-Prime.

3.3 Stimuli

All of the 48 stimuli in the experiment weresgiabic words embedded in the

carrier sentence §t51-ky tsi51 si51 " “This word is ". The stimuli were

all recorded by Praat with mono channel and 11kkimding rate. The 48 disyllabic

words were selected from Academia Sinica Balanaag@® of Modern Chinese. The
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details of the stimuli are listed in appendix 1¢ &n

3.3.1 Word frequencies

There were totally 48 disyllabic words, whicitluded 24 high frequency words

and 24 low frequency words. The 48 disyllabic wondse chosen from Word List

with Accumulated Word Frequency in Sinica Corpud. 3he average frequency of

the 24 high frequency words was 2503 occurrencésob® million tokens. The

average frequency of the 24 low frequency words Iasccurrences out of 5 million

tokens.

3.3.2 Segmentation

There are overall 12 combinations of Mandarin $jéastructure, namely V, CV,

GV, VG, VN, CVG, CVN, CGV, GVG, GVN, CGVG, and CGVNn this paper, the

48 disyllabic words contain all of the possiblelalyle structures in Mandarin, except

for one structure, “V”. The reason why the syllabteucture “V” is excluded in this

study is that if the single vowel word is repladsdthe hiccup noise, there is nothing

left to be heard by the subjects. Therefore, theseds having only one vowel and

nothing else are excluded in this study.

Since speech is continuous, it is really challeggonmake a clear-cut distinction

between segments. Nonetheless, for the purposendihdg out which part of the

syllable to be of paramount importance for auditmgrd recognition in Mandarin,
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segmentation needs to be conducted. The followowustical principles were the

criteria for segmentation in this study.

3.3.2.1 Segmentation of the initial consonant

The first way to segment the initial consonant fridme following prenuclear

glide or vowel was to see the waveform. The int@hsonant was measured from the

starting point of the vibration on the waveform ttee beginning of the intense

vibration on the waveform. In order to further ahate the quality of the initial

consonant, the segmentation boundary between thil ironsonant and the

prenuclear glide or vowel moved forward about 1Biseiconds, as in Figure 4.

Another way to distinguish the first cut-off parbmn the following prenuclear

glide or vowel was to examine the spectrogram. Bbendary between the initial

consonant and the following prenuclear glide or @bked on the first relatively dark

vertical striation. For the purpose of further extthg the quality of the initial

consonant, the cut-off part moved backward aboutnilBseconds. After the cut-off

part had been decided, we eliminated that partpastied the hiccup noise, whose

duration was the same as the cut-off part, to tsgtipn that was originally occupied

by the cut-off part, as exemplified in Figure 4.

35



L RN BN
\ﬁ.ﬁﬂdiﬂoﬂ

RERTRPRML L I

L EEEEEETEEREE

§ n L]

FERrPFRPFEEYEE.

0218183

Figure 4. The marked part designates the initiahsmmnant /t/ in /ta51c%35/. In order to further
eliminate the quality of /t/, the hiccup noise s@s the part starting from the first dotted lire1t3
milliseconds after the second dotted line.

Figure 4 marked the initial consonant /t/ &bk ¢Ue35/ ‘university’ (“=). The
first red-dotted line, which was situated at thertsof the vibration on the waveform,
designated the start of the initial consonantTie second red dotted line, which was
located at the first relatively dark vertical stiaga on the spectrogram, marked the end
of the initial consonant /t/. The space betweentweered dotted lines was the initial
consonant /t/.
3.3.2.2 Segmentation of prenuclear glides

There were two points in segmentation of prégarcglide. One was where the

boundary between the initial consonant and theymlear glide is; another was where

the boundary between the prenuclear glide and oheelvis. The boundary between
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the initial consonant and the prenuclear glide @ooé generally defined by the

waveform and the spectrogram. Nevertheless, inraodiilly eliminate the quality of

prenulear glide, the starting point of the cutjodirt was situated slightly before the

beginning of the intense vibration on the wavefamthe first relatively dark vertical

striation on the spectrogram. In terms of the bampdbetween the prenuclear glide

and the vowel, it is relatively difficult to defin€hang (2009) investigated the vowels

in Taiwan Mandarin acoustically. The principle fum to analyze the vowel quality

of a diphthong was to examine the energy and tihepeoatively steady formants. In

the spectrogram, the darker area represents tinegsirenergy; the lighter, the weaker.

Vowels usually have stronger energy than prenudkdes. In addition, the formants

of the vowel are steady compared with those of ghenuclear glide. Therefore,

Chang (2009) proposed that the main vowel of atbipig should be the section

having both the strongest energy and the compahatsieady formants. In this study,

following Chang’s (2009) methods, the boundary leetwthe prenuclear glide and

the vowel could be decided, as illustrated in Fegowr
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Figure 5. The marked part designates the prenuctgiale /4 in /ta51 ¢7¢35/. The part between the
two dotted lines is then replaced by the hiccup@oi

Figure 5 marked the prenuclear glidié ih /ta51 ¢Us35/(*=", university in
English). The first red dotted line, which was ated at the first relatively dark
vertical striation on the spectrogram, designateddtart of the prenuclear glidéd./
The second red dotted line, which was locatedestart of the comparatively steady
formants on the spectrogram, marked the end opthaeuclear glideW. The space
between the two red dotted lines was the prenuglede H/.

After determining the starting point and the endbognt of the prenuclear glide,

the prenuclear glide was replaced by the hiccupenavhich had the same duration as

the prenuclear glide.
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3.3.2.3 Segmentation of vowels

The vowel in Mandarin is either preceded by ithiéal consonant or by the

prenuclear glide. The ways to distinguish the @hitonsonant and the prenucleaer

glide from the vowel have already been discussedeb/Nhat has yet to be discussed

is about distinguishing the vowel from the posteaclglide or final nasal. The ways

to distinguish the vowel from the postnuclear gldere similar to the ways to

distinguish the vowel from the prenuclear glideeTelatively dark area represents

the strong energy section, which designates thdéigosof the main vowel. The

comparatively light area represents the weak ensggiion, which shows the position

of the postnuclear glide. Furthermore, the compagigt steady formants can also

designate the position of the main vowel.

The vowel in Mandarin can also be followed bg final nasal. The ways to

distinguish the vowel from the final nasal was loage the acoustic cues proposed by

Ladefoged (2006). There are four acoustic cues is#us study to differentiate the

vowel from the final nasal. First, a clear markaohasal consonant is a sharp change

in the spectrogram at the time of the formatiothef articulatory closure. Second, the

bands of the nasal are fainter than those of theel/olhird, the first formant of the

nasal consonant is usually very low, which is cestteat about 250 Hz. Fourth, there

is a large region above the first formant with mergy. According to the acoustic
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cues mentioned above, the vowel and the final nesal be distinguished. After

determining the starting point and the ending pahtthe vowel, the vowel was

replaced by the hiccup noise, as illustrated inufFad.

i 0106529
Figure 6. The marked part designates the voke@l in /tay21 twan35/. The part between the two
dotted lines is then replaced by the hiccup noise.

Figure 6 marked the vowel /a/ in i t'wan35/ ‘political party’ g£[Ex). The
first red dotted line, which was situated at thistfrelatively dark vertical striation on
the spectrogram, designated the start of the véa/elThe second red dotted line,
which was located at the sharp change on the gggain, marked the start of the
final nasal#/. The space between the two red dotted lines heagawel

flal.
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3.3.2.4 Segmentation of postnuclear glides, aral finsals

The ways of designate the boundary betweenptignuclear glide and the
preceding vowel, as well as the final nasal andptie@ious vowel have already been
addressed above. The ways of designating the empdimgs of the postnuclear glide
and the final nasal are the same, namely, the poiere the waveform shows no
vibration and the spectrogram displays no energyillastrated in Figure 7. After
determining the starting point and the ending pofrthe prenuclear glide or the final
nasal, the section occupied by the postnucleae giicthe final nasal was cut off and

was replaced by the hiccup noise with the sametidara

I
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Figure 7. The marked part designates the final hasain /xwan35 tin51/. The first dotted line
displays the beginning of /n/; the second dotteé khows the end of /n/. This marked part is then
replaced by the hiccup noise.

Figure 7 marked the final nasal /n/ in /xwangd®5%1/ ‘the environment’f%ii?‘i).

41



The first red dotted line, which was situated a& $harp change on the spectrogram,
designated the start of the final nasal /n/. Theoise red dotted line, which was
located at the place showed no vibration and enengyked the end of the final nasal
/n/. The space between the two red dotted linestineanal nasal /n/.
3.3.3 Leveling of tones

The tones of the 48 stimuli, including boththignd low frequency words, were
leveled, which means that the pitch contours of dmgyllabic words disappear,
resulting in the robot-like sounds. The FO of thiensli centers around 100Hz, as

illustrated in figure 8.
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Figure 8. The test itemi//-~(/tsoy55 ¢in55/, a center) whose tones are leveled at ardl0@Hz.

In this figure, the original tones of the tésm [1-~(/tsop55 ¢in55/, a center)
were designated by the two gray dotted lines. Tieerg straight line marked the

manipulated tones, centered at 100Hz.
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3.4 Design

Experiment 1

Thirty linguistically naive subjects, 7 malexle8 females, were recruited. There

were two groups of disyllabic words, including 1RyHfrequency words and 12

low-frequency words, in experiment 1 (Appendix Ih)this experiment, the phonetic

segments in each disyllabic word were replacechbyhiccup noise. For example, the

disyllabic word ta51 ¢%¢35/, which means university, could produce 5 test items,

namely,Na51 ¢%¢35 (N stands for the substitution of the hiccup noifghl ¢%e35,

tabl N 735, ta51 ¢N&35, andta51l ¢4N35. The total number of the test items in

experiment 1 was 168. The order of broadcastindesieitems was at random during

the whole experiment.

This experiment was designed to explore theareh questions 1, 2, and 3. By

measuring the reaction time and the accuracy ofdbponses, the importance of the

initial consonant, and the status of different segis can be investigated. If the

stimuli whose initial consonants are replaced bg thiccup noise can still be

recognized by the subijects, it indicates what Cohmrdel claimed is not compatible

with the findings here; if the stimuli whose paui&r segment is replaced by the

hiccup noise produce longest reaction time and $b\wwecuracy, it displays that it is

the particular segment that occupies the mostigress status in the processing of
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Mandarin. Moreover, this experiment can also da#i the question regarding which

segment is the most influential segment for thegmion of Mandarin tones. If the

stimulus whose particular segment is replaced gy Hitcup noise results in the

highest rate of the misperception of tones, it destrates that the particular segment

bears the most crucial tonal information in thegessing of Mandarin words. If the

stimulus whose particular segment is replaced byhibcup noise causes lowest rate

of the misperception of tones, it indicates tha prarticular segment does not carry

the most critical tonal information in Mandarin.

Experiment 2

Thirty linguistically naive subjects, 7 malexleB females, were recruited. There

were two groups of disyllabic words, including 1RyHfrequency words and 12

low-frequency words, in experiment 2 (AppendixIB)this experiment, the CV of the

first syllable and the VG/N of the second syllaloie each disyllabic word were

replaced by the hiccup noise respectively. All 2gyithbic words were CVX-CVX

structure (X can be either a nasal or a glide).réfoee, each word yielded two test

items. For example, if the disyllabic word isdf55 cin55/(meaning “a center” in

Mandarin), it yields two test items, includingMn55 ¢in55/, and /40n55 ¢NN55/.

The total number of the test items in experimenta® 48. The order of broadcasting

the test items was at random during the whole éxyaet.
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This experiment was aim to resolve the questgarding the role of onsets and

offsets in research question 1. If subjects’ respsrto the stimuli with the initial CV

replaced by the hiccup noise are faster and mareraie than those with the final

rime replaced by the hiccup noise, it illustratest the onsets are more important than

the offsets in the processing of Mandarin, whiclplies that initial effect happens in

spoken word recognition in Mandarin. In contralssubjects’ responses to the stimuli

with the final rime replaced by the hiccup noise &aster and more accurate than

those with the initial CV replaced by the hiccupseo it depicts that the offsets play

more crucial role in the processing of Mandarin.

Experiment 3

Thirty linguistically naive subjects, 7 malexle8 females, were recruited. There

were two groups of disyllabic words, including 2&tfrequency words and 24

low-frequency words. The 48 disyllabic words wdre same as those in experiment 1

and 2, but they were manipulated differently. Iis txperiment, the tones of the 48

disyllabic words were all leveled to 100 Hz, likeM robotic sounds. Each disyllabic

word yielded one test item. For example, the dadyll word /ton55 cin55/(meaning

“a center” in Mandarin) yielded the test itenydiyl00Hz ¢inl1l00Hz/. The total

number of the test items in experiment 3 was 4& 0dider of broadcasting the test

items was at random.
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Experiment 3 was designed to tackle the questimncerning the role of tone in

research question 3. By measuring subjects’ regsotasthe tone-leveled stimuli, the

status of tone can be investigated. This experiratsat handles the issue concerning

whether the segmental information alone is enooglthie spoken word recognition in

Mandarin.

The issue regarding frequency effect was exglon all three experiments. In

the three experiments, responses of high-frequarrgs and low-frequency words

were compared. If the responses of the high-frecpuevords are faster and more

accurate than those of the low-frequency wordsigans that frequency effect plays a

role in spoken words recognition in Mandarin.

3.5 Procedures

Fifteen subjects, participating in experimenRland 3, were invited to a quiet

and comfortable room one by one and sat in frorthefcomputer. The experimenter

told them about how the experiment was going ande ghem two examples to

practice. After practicing, the subjects were asielisten to the test items one after

another. The subjects had to identify what theudigtd word was. The subjects could

interrupt the utterance anytime they recognizedt#inget word. Once the subjects

recognized the words, they needed to repeat thdsnemmd then write them down in

order to make sure that the subjects’ responseg \etical words rather than
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nonwords. If they could not recognize the wordsytbould also say “I don’t know”.
The reaction time was measured from the end ofatget word to the beginning of
the subjects’ utterances. All of the test itemseneroadcasted once. If the subjects
could not recognize the target words or recognibedtarget words incorrectly, the

reaction time of the target words was designatefails
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CHAPTER 4 Results

In this chapter, the results of the three experiseill be presented. Section 4.1

displays the results of experiment 1 with some ipssexplanations. Section 4.2

shows the results of experiment 2 with some posssblutions. In Section 4.3, the

results of experiment 3 are demonstrated with ligfussions. The reasons why the

results occurred are also explained.

4.1 Experiment 1: one-segment disruption

The results of experiment 1 are shown in Tadad 2.

Tablel. High frequency words: one-segment disraptio

Position 1C | 1Pre 1V | 1Po| 1N 2C 2Pre| 2V | 2Po| 2N

RT(msec.)
506 | 616| 659 | 661] 591 | 581 | 615| 659 554 551

Pass 137 90| 157 15 78 178 101 19 |15 Al
Fail 7 0 28 0 6 2 1 11 0 1
Total 144 | 90| 180 15 84 180 10 180 15 42
Acc(%) | 95.14| 100 | 84.44| 100 | 92.86| 98.89| 99.02| 93.89| 100 | 97.62
Invalid 6 0 0 0 6 0 3 0 0 3

(Position=the position replaced by the hiccup noise
RT=the average reaction time
Acc=accuracy
1C=the initial consonant in the first syllable r@g#d by the hiccup noise
1Pre=the prenuclear glide in the first syllablelaeed by the hiccup noise
1V=the vowel in the first syllable replaced by thiecup noise
1Po=the postnuclear glide in the first syllablelaeed by the hiccup noise
1N=the final nasal in the first syllable replad®dthe hiccup noise
2C=the initial consonant | in the second syllaielglaced by the hiccup noise
2Pre=the prenuclear glide in the second sylladgdaced by the hiccup noise
2V=the vowel in the second syllable replaced leyhtrcup noise
2Po=the postnuclear glide in the second sylladydaced by the hiccup noise

2N=the final nasal in the second syllable repldmgthe hiccup noise)
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Table 1 shows the results of experiment 1 dighuency words). According to

the table, the first row designates the positigriaeed by the hiccup noise. The first

column illustrates the reaction time (written inllimécond), the number of the test

items which are successfully recognized by theexiibj(Pass), the number of the test

items which weren't recognized by the subjects|jF#ie total number of the test

items (Total), the rate of the test items which barcorrectly recognized (Acc%), and

the number of the invalid responses (Invalid). iRgtance, the number situated in the

second row and the second column is 596. This misaisn average subjects need

596 milliseconds after the end of the targets tmgeize the targets whose initial

segments of the first syllable are replaced byhibeup noise. The data located in the

fourth row and the second column is 7. This mehnas there are 7 test items whose

initial segment of the first syllable is replacey the hiccup noise not able to be

recognized or correctly recognized. In additiore thble displays that 1Po has the

longest reaction time. 1V and 2V have the seconddst reaction time. 2N has the

shortest reaction time. Last but not least, theekinaccuracy of the test items is

84.44%, nestled in the 1V column.

In this table, it is obvious that the vowel in first syllable is the most important

segment in the processing of spoken words. The swattbse first vowel is replaced

by the hiccup noise need 659 milliseconds after ¢he of the stimuli to be
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recognized. The reaction time of the stimuli whéisst vowel is replaced by the

hiccup noise is just slightly faster than thath# stimuli whose first postnuclear glide

is replaced by the hiccup noise (661 ms) and theesas that of the stimuli whose

second vowel is replaced by the hiccup noise (659 Athough the reaction time is

the second longest when the first vowel is repldmgthe hiccup noise, there are 28

test items that cannot be correctly recognizednieysubjects. The accuracy for 1V is

84.44%, which is much lower than the accuracy oo {100%) and the accuracy for

2V (93.89%). Consequently, the first vowel in thesydabic word is the most

important in spoken word recognition in Taiwan Marid.

Table2. Low frequency words: one-segment disruption

Position 1C 1Pre 1V | 1Po| 1N 2C 2Pre| 2V | 2Po| 2N

RT(msec.) 632 | 640 | 715| 690 694 | 625 | 640 706 622 601

Pass 145 100 141 2 101 147 41 141 |28 88

(2

Fail 18 3 37 0 10 17 1 36 0 1

Total 163 | 103| 178 26 111 164 42 177 28 89

Acc(%) | 88.96| 97.09| 79.21| 100 | 90.99| 89.63| 97.62| 79.66| 100 | 98.88

Invalid 2 2 2 4 9 1 3 3 2 1

Table 2 shows the results of experiment 1,ushiclg low-frequency words.

According to the table, the first row designates gosition replaced by the hiccup

noise. The first column illustrates the reactiomdi (written in millisecond), the

number of the test items which are successfullpgeized by the subjects (pass), the

number of the test items which cannot be recognmethe subjects (fail), the total
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number of the test items, the rate of the teststerhich can be correctly recognized,

and the number of the invalid responses. For igstaiie data situated in the second

row and the second column is 632. This means thatverage subjects need 632

milliseconds after the end of the targets to recmrhe test items whose initial

segments of the first syllable are replaced byhibeup noise. The data located in the

fourth row and the second column is 18. This meéhatthere are 18 test items whose

initial segment of the first syllable is replacey the hiccup noise not able to be

recognized or correctly recognized. In additiore thble displays that 1V has the

longest reaction time; 2N has the shortest readtme. Last but not least, the lowest

rate of the unrecognizable test items is about T8%%tled in the 1V and 2V columns.

The results of the low frequency words show simailar results as the high

frequency words, which indicates that the vowelthe first syllable is the most

important for spoken word recognition and the vowelthe second syllable is the

second crucial segment in the processing of Mandaords. The results display that

the 1V stimuli need 715 milliseconds to be corsecttcognized by the subjects,

which takes the longest reaction time. The 2V slimaed 706 milliseconds to be

successfully recognized, which takes the secondesinreaction time. The results

also illustrates that there are 37 test items (famy 79.21%) which cannot be

identified correctly because of the disruption bé tfirst vowel and 36 test items
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(Accuracy: 79.66%) which cannot be recognized sssfodly when the vowel in the

second syllable is corrupted. The longest readiioe and lowest accuracy for both
1V and 2V indicate that the first vowel and thes®t vowel are very important, so
subjects need more time to identify the word whéss# and second vowel are

disruptive. Furthermore, similar to the resultshafh-frequency words, the results of
low-frequency words show that the segments in itis¢ $yllable are more important

(longer reaction time and lower accuracy) thanrtherresponding segments in the
second syllable. This finding suggests that thegieed order in time has some effect
on the spoken word recognition in Mandarin.

As for the frequency effect, the results dethett subjects have more difficulties
in recognizing the low frequency words. The resudteow that the disruptive
segments of the low-frequency words cause longestign time and lower accuracy
compared with their corresponding disruptive segsien the low-frequency words.
This result shows that frequency effect appears.hrerefore, it can be inferred that

frequency effect exists in spoken word recognitiroMandarin.

Table 3. Incorrect responses of tones (high-frequevords): one-segment disruption

Position 1C 1Pre 1V 1Po | 1N 2C 2Pre| 2V 2Po | 2N

Fail 0 0 7 0 0 0 0 3 0 0

Total 3 0 13 0 4 1 1 5 0 0

Percentage O 0 53.85 0 0 0 0 60 0 0
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Table 4. Incorrect responses of tones (low-frequevards): one-segment disruption

Position 1C| 1Prg 1V 1Po | 1IN 2C | 2Pre| 2V 2Po | 2N

Incorrect 0 0 4 0 1 0 0 2 0 0

Total 7 2 14 0 6 9 0 10 0 0

Percentage O 0 28.57 0 16.67| O 0 20 0 0

Table 3 and Table 4 display the incorrect patiroe of tone among the incorrect

responses in experiment 1. The incorrect respdms@smean that subjects did say a

word when they heard the particular stimulus, & tone of the response to the

particular stimulus was wrong. From these two tabige know that vowels carry

most tonal information in Mandarin, so when the etsvare replaced by the hiccup

noise, the percentages of the incorrect responkdsnes are higher. It is also

noticeable that there is one misperception of tfriEN. Although coda nasal dose not

occupy a long period of time in words, it still gas tonal information because it

belongs to rime. Therefore, tone can still be nmispeed when the coda nasal is

replaced by the hiccup noise.

4.2 Experiment 2: two-segment disruption

The results of experiment 2 are displayed lnet2.

Table 5. Two-segment disruption

Positon | H CV | H VG/IN| L CV | L VGIN
RT(msec.) 902 924 1139 1117
Pass 85 98 36 23
Falil 95 80 144 157
Total 180 178 180 180
Acc(%) | 47.22 55.06 20 12.78
Invalid 0 2 0 0

(Position=the position replaced by the hiccup noise
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RT=reaction time

Acc=accuracy

H_CV=high-frequency words with the initial CV repkd by the hiccup noise
H_VN/G=high-frequency words with final VG/N replatby the hiccup noise
L_CV=low-frequency words with initial CV replaced khe hiccup noise
L_VG/N=low-frequency words with final VG/N replacéy the hiccup noise)

Table 5 shows the results of experiment 2. Accagrdinthe table, the first row

designates the parts of the test items replaceithdyiccup noise. The first column

illustrates the reaction time (written in millisex), the number of the test items

which are successfully recognized by the subjgusy), the number of the test items

which cannot be recognized by the subjects (fthB, total number of the test items,

and the rate of the test items which are recogneecectly. For instance, the data

situated in the second row and the second colun@®2smilliseconds. This means

that in average subjects need 902 milliseconds tifeeend of the targets to recognize

the targets whose initial CVs are replaced by ibeup noise. The data located in the

fourth row and the second column is 95 millisecoidgs means that there are 95 test

items whose initial CVs are replaced by the hicoofse not able to be recognized or

correctly recognized. In addition, the table digpldhat initial CV has the shorter

reaction time for high-frequency words comparechvtite final rime, and initial CV

has slightly longer reaction time for low-frequenaprds compared with the final

rime. Last but not least, the lower percent of slseurate responses is 47.22% for

high-frequency words, nestled in the H_CV colummd 42.78% for low-frequency
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words, seated in the L_VG/N column.

From the results above, it is clear that the readiime of the stimuli whose CV
and VG/G are replaced by the hiccup noise is neditty different. It implies that the
CV of the first syllable and the VG/N of the secosyllable are almost the same
important, which means that the onsets and offgketbe disyllabic words play the
same role in the processing of Mandarin words. Henet seems to be a paradox
that the accuracy of CV is lower than that of VA high-frequency words, but
higher than that of VG/N for low-frequency wordsstrlay be due to the fact that some
high-frequency stimuli whose CV of the first syllabs replaced by the hiccup noise
activate very prominent candidates. Those promigantlidates are very easy to be
selected by the subjects, resulting in the lowauescy of CV for high-frequency
words. To the contrary, concerning the low-freqyewords, the stimuli whose VG/N
in the second syllable is disruptive activate s@moeminent candidates which are very
easy to be selected by the subjects. Therefooauses lower accuracy of VG/N for
low-frequency words. The more prominent activateatds can be proved by the
incorrect responses of the subjects. The incoresgionses mean that the subjects did
say a word when they heard a stimulus, but the vi@mbt the correct one. Those
incorrect responses are the candidates activatedebgtimuli, which can disturb the
correct selection of the target. The numbers of itte®rrect responses of H_CV,
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H_VGIN, L_CV, and L_VGI/N, are 56 (56/180, 31.11%§ (46/178, 25.84%), 81

(81/180, 45%), and 84 (84/180, 46.67%), respedtividhe more incorrect responses

of H CV and L_VG/N may give the answer to the paradegarding why the

accuracy of CV for high-frequency words is lowearththat of VG/N, but higher for

low-frequency words than that of VG/N.

Furthermore, frequency effect reveals here. Thectiwa time of the high

frequency words is shorter than that of the lovgfiency words and the accuracy of

CV together with VG/N for high-frequency words isegtly higher than that for

low-frequency words.

Table 6. Incorrect responses of tones: two-segaisniption

Position H_CV H_VG/N L CV L_VG/N
misperception 15 34 12 57
Total 56 46 81 84
Percentage 26.79 73.91 14.81 67.86

Table 6 shows the incorrect responses of tonekdygubjects. “Total” means the

overall number of the incorrect responses. “Mispption” means that the incorrect

responses are not only wrong regarding the segmiavel, but also tonal level.

Concerning the misperception of tones, there aBeiddorrect perceptions of tones,

including 15 for H_CV, 34 for H_VG/N, 12 for L_C\4nd 57 for L_VG/N. The

incorrect tone perception most frequently happehsnathe vowel is interrupted. If

both vowel and postnuclear glide/coda nasal aregupled, the rate of the

misperception of tones will be even higher sincstpaclear glide and coda nasal also
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carry tonal information, while the onset consordogs not.

The results indicated that tone 4 is most likelypéomisperceived if some part of

tone 4 is disruptive and the other tones can asmisperceived as tone 4. Among the

118 misperceptions of tones, 48 involve tone 46&%), 30 involve tone 1 (25.42%),

20 involve tone 2 (25.42%), and 20 involve ton&83.42%). This may be due to the

fact that tone 4 ranges from low pitch to high Ipittf the final part of the tone 4 is

replaced by the hiccup noise, the high pitch atlibginning of the tone 4 can be

misperceived as tone 1 or 2. For instance, theterst/min35 §on51/ ‘the common

people’ (¥ 5¢), as illustrated in Figure 9, is perceived as3fircy55/ ‘the neighbor’

FFD when the second rime of the test item is repldmgethe hiccup noise.
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Figure 9. The test item /min35dy51/ ‘the common people*{#) whose second rime is replaced by
the hiccup noise

The original tone 4 of the second syllable is mispred as tone 1. It is because
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the pitch of the beginning of tone 1 is similarthat of tone 4. Thus, when the final
part of tone 1 is replaced by the hiccup noiseptiginal tone 1 may be misperceived
as tone 4. However, more complicated situation kscckor instance, the test item
/fan51 Psaj51/ ‘a meal’ ;%) is misperceived as /fan5%stn21/ (a nonword) when
the final rime of the test item is replaced by tecup noise. It is because the final
part of the first tone 4 is a low-falling pitch. &lpeginning of the second tone 4 is a
high pitch. The combination of the final part o&tfirst tone 4 and the initial part of
the second tone 4 results in a full tone 3, whartmk the impression that the tone of
the second syllable is 3 rather than 4.

In addition, if the initial part of the tone 4 isplaced by the hiccup noise, the
low pitch at the end of the tone 4 can be mispeetkas tone 3. For example, the test
item /nej51z0n35/ ‘contents’ (‘J”’Fﬁ’), as exemplified in figure 10, is perceived as
/mej21 70135/ ‘to improve one’s Iooks%\‘jﬁ’) when its initial CV is replaced by the
hiccup noise. The tone of the first syllable isgeéred as tone 3 rather than the
original tone 4. This is because the low-fallingcpiof the final part of tone 4 gives
the impression that it is tone 3 instead of ton&hkrefore, tone 4 is the easiest tone
to be misperceived if it is partly disruptive arite tother tones are also easy to be

misperceived as tone 4.
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Figure 10. The test item /nej5by35/ ‘contents’ [’/ﬁ) whose initial CV is replaced by the hiccup
noise

Apart from the misperception of tone 4, tone the second easiest tone to be
misperceived. There are 30 test items whose otigpne is tone 1 and is perceived as
tone 3. The tone 2 test items whose initial C\eglaced by the hiccup noise are easy
to be perceived as tone 1. It is because toneahigh-level tone. The pitch of tone 2
rises from mid to high. Once the initial part ohéo2 is replaced by the hiccup noise,
the high pitch at the end of tone 2 is easy to éregived as tone 1, which is a high
tone. However, there are also some test items ipertas tone 1 whose second VG/N
is replaced by the hiccup noise. For example,gbeitem /pi35 tson51/ ‘a certificate’
(#555) is perceived as #85 f's¥55/ ‘to park a car'{f+#1). It may result from the high
pitch at the beginning of the second syllable. fiigh pitch of tone 4 at the beginning

of the second syllable is similar to the high pitche 1. Tone 4 is a high-falling tone.
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When the final part of tone 4 is replaced by theetip noise, the beginning high pitch
of tone 4 is likely to be perceived as tone 1. €fme, tone 4 can also be perceived as
tone lunder the above mentioned circumstances.

In short, tone 4 is most likely to be mispeveei as the other tones if some part
of it is replaced by the hiccup noise, and the ottumes are also easy to be
misperceived as tone 4 if some part of them isugisve. The reason is that tone 4 has
the widest pitch range.

4.3 Experiment 3: tone leveling

The results of experiment 3 are illustratedable 7.

Table 7. Results of tone-leveled stimuli

High Frequency words Low Frequency words
RT(msec.) 693 970
Pass 258 202
Fail 102 154
Total 360 356
Acc(%) 71.67 56.74
Invalid 0 4

Table 7 displayed the results of experimenin3he experiment, the test items

were deprived of their tonal contour and were giaemew level tone which centered

at around 100 Hz. The results indicated that thesraf correctly recognizing the test

items are very low. Only 71.67 percent of the teshs, namely 258 out of 360, can

be correctly recognized for the high frequency wogiren a new level tone. The rate

of correctly recognizing the test items of the lfvaquency words is even lower than
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that of the high frequency words. Only 56.74 petcérthe test items, namely 202 out

of 356, can be recognized appropriately. The residpicted that the rates of correctly

recognizing the test items whose tones are levaedower compared with the rates

of correctly recognizing the test items whose srgggment is disruptive. The reason

why the tone-leveled stimuli result in the lowerca@cy and longer reaction time

than the stimuli whose single segment is replagethé hiccup noise is because the

manipulated tone of the tone-leveled stimuli sphesentire word. The stimuli whose

single segment is replaced by the hiccup noise loale a short disrupted part though

the disrupted part may carry tone. Comparing tlaetren time and accuracy of the

stimuli whose CV or rime is replaced by the hicaigise with the reaction time and

accuracy of the tone-leveled stimuli, it revealatttihe reaction time and accuracy of

the stimuli whose CV or rime is disruptive are len@nd lower. It is because the

stimuli whose CV or rime is disrupted not only lattle segmental information but

also tonal information. It is very hard for subgdb recognize a disyllabic word

lacking the acoustic information of almost a whahlable. Although the tonal

information of the tone-leveled stimuli is disruygj the segmental information can

still play a role in recognizing the words. Thuse tone-leveled stimuli cause longer

reaction time and lower accuracy than the stimhiose single segment is replaced by

the hiccup noise, but result in shorter reactionetiand higher accuracy than the
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stimuli whose CV or rime is corrupted.

Considering the frequency effect in this expemt, it is very obvious that the

accuracy is much lower for low-frequency words {386) than for high-frequency

words (71.67%). Moreover, the reaction time for {vaquency words (970 ms) is

much longer than that for high frequency words (683. Thus, frequency effect still

exists in this experiment.

In short, the results of experiment 1 show thatvowel in the first syllable is

the most important in spoken word recognition inndarin because the 1V disrupted

stimuli cause lowest accuracy and long reactioretiifhe results of experiment 2

display that the CV in the first syllable and th&M in the second syllable are almost

the same influential since the initial CV disrupt&tnuli and final VG/N disrupted

stimuli bring about nearly the same reaction tinmel accuracy. The results of

experiment 3 demonstrate that tone is more impbttean a single segment but less

crucial than two segments in the processing of epakords because the tone leveled

stimuli result in the lower accuracy and longer ctemn time than the

single-segment-disrupted stimuli; the tone levedaohuli cause higher accuracy and

shorter reaction time than the two-segment-discupséimuli. Frequency effect

appears in the three experiments; namely, the Btiofthigh-frequency words are

easier to be recognized by the subjects than tbbdlee low-frequency words. The
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results will be further explained based on the CGbhwdel and Merge model in the

next chapter.
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CHAPTER 5 Discussion

In this chapter, the results are investigated basedhe two models, Cohort
model and Merge model. Section 5.1 will be the emtion between the results and
the two models, Cohort and Merge. Section 5.2 amscthe validity of the Cohort
model and Merge model in the spoken word recognitioTaiwan Mandarin. Section
5.3 provides a simple demonstration for spoken wecdgnition in Taiwan Mandarin
under the framework of Merge model.
5.1 The results and the two models (Cohort and B)erg

According to the results of experiment 1, itabvious that there are some
problems regarding Cohort model. In terms of th&aihconsonant replaced by the
hiccup noise in the first syllable for high-freqegnwords, the reaction time is not
very long (596 ms) and there are only seven teshst (4.86%) that cannot be
recognized by the subjects, which means that mbsheo test items can still be
successfully recognized. As for the results of lthe-frequency words, the average
reaction time of 1C is 632 milliseconds and theuazcy of 1C is 88.96%. It shows
that most of the targets can still be recognizedigih the initial consonant of the first
syllable is disruptive. This finding infers what @bt theory predicts is not right
because the words can still be correctly recognéesh if the initial consonant in the
first syllable is replaced by the hiccup noise. ld@er, although the reaction time is
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not the longest when the initial consonant of thset fsyllable is replaced by the

hiccup noise, there are still some test items wharmot be recognized correctly. This

may infer that the initial consonant still playsode in the processing of spoken words

though it is not the most important.

Although the results above are not compatible W@thort theory, they are not

completely compatible with the Merge model, whinldicates that the overall match

between the input and the lexical representatidghasmost important. It is the vowel

in the first syllable that is the most importarit.ay be due to the fact that the

duration of the vowel is the longest. The replaceinod the vowel gives rise to the

longest interruption of the word. In addition, vdsvecarry the most important

information in the syllable, including the tone.€eTlost of vowels brings about the lost

of tones, which is very critical in Taiwan MandariMoreover, from the results that

the reaction time and the accuracy of 1C, 1Pre,1Pg, together with 1N are longer

and lower than the reaction time and the accur&@Co2Pre, 2V, 2Po along with 2N,

we can infer that the perceived order of the spokends is very important. The

vowel in the first syllable not only carries muchkoastic information, but also

occupies the front position in disyllabic words.eféfore, we can propose that the

vowel in the first syllable is the most importarggment in processing of the

disyllabic words in Taiwan Mandarin. Although thewel in the second syllable also
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carries the tone and occupies a relatively longpdesf time in the disyllabic words, it

lacks the advantage of being processed first. Heheevowel in the second syllable

is less influential than the vowel in the firstlajle.

5.2 Cohort and Merge models in Taiwan Mandarin

According to the Cohort model (Marslen-Wilson Zvitserlood, 1989; Tyler,

1984; Marslen-Wilson & Tyler, 1980, 1981), word tiai input is of paramount

importance. Therefore, once the initial input isrdpted by the noise, the word can

hardly be recognized. This claim is not true on lthsis of the results in this study.

The results of experiment 1 display that the actasaof 1C for the high-frequency

and low-frequency words are 95.14% and 88.96%,ectsely. This demonstrates

that even if the word initial information (the it consonant) is replaced by the

hiccup noise, the words can still be successfeltpgnized in most of the cases.

Unlike the Cohort theory, the Merge model (NarMcQueen, and Cutler, 2000)

proposed that it is the overall match between tleustic input and the

representations that is the most crucial for spowend recognition. This model

greatly reduces the importance of the initial ingdiowever, the results of the study

are not fully compatible with the model. The reswepict that it is the first vowel in

the disyllabic words that is the most important #mel second vowel in the disyllabic

words that is the second important, but it is natesl in the model which segment is
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the most important. Therefore, the test items wHosevowels are replaced by the

hiccup noise cause the lowest rate of successfagration.

According to the results, the word initial infeation is not the most crucial in

the spoken word recognition of Taiwan Mandarin. Tingt vowel in the disyllabic

word is the most important. This is because theelawcupies the longest period of

time in words and carries much important informatahich is very crucial for

spoken word recognition in Taiwan Mandarin. On¢hef important acoustic-phonetic

cues in vowel is tone. Tones are very importanfanvan Mandarin since it can

distinguish the meaning of words. The results ef skudy are compatible with this

claim. The results of experiment 3 show that if thiees of the disyllabic words are

leveled to around 100Hz, subjects merely have 7fae8Zent chance to recognize the

high-frequency words and 56.74 percent chance togréze the low-frequency

words, which is much lower than the chance to rezegthe words whose single

segment is replaced by the hiccup noise. The falitates that the whole tone of the

disyllabic words is more important than one singggment though some segments

also carry tone, such as the vowel and coda nasal.

According to the results in experiment 3, teheuld be added to the processing

of spoken words in Merge. Nevertheless, it cannet ibferred only by the

experiments in this study whether Mandarin tonesukh be processed before the
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segments or after the segments. Cutler and Ch&v)kksked the subjects to judge
whether the word and nonword in a pair differindydoy the initial consonant, vowel,
or tone were the same or different. The resultplayed that subjects’ responses to
the pair differing by tone were slower and morectaate than those differing by the
onset consonant and vowel. Therefore, they propts&dtone is processed slower
than segment. According to Cutler and Chen (1987an be proposed that tonal
level can be added to the Merge model after the@me level. The acoustic-phonetic
cues of tones can be processed in tonal level antite the lexical nodes by the
excitatory connections. The candidates activatetthenlexical level not only need to
match the segmental information but the tonal miation of the input as well. The
candidate having the best match to the acoustitt mms the lexical competition.

In addition, the results of experiment 1 carveses the support for Merge. In
merge, the phoneme decision level is designed solwe the issues regarding
phoneme decision making. The integration approddderge allows the prelexical
information to proceed independently of lexical qgassing. Both prelexical and
lexical processing information proceed to the pmoaelecision level and then merge
together. In the Merge model, the prelexical pretgp activates some compatible
lexical candidates. At the same time, the preléxmacessing also sends the
excitatory information to the phoneme decision leUd&e phoneme decision nodes
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also keep accepting the facilitatory informatioanfr the lexical nodes and merge the

two inputs from different levels together. The neetgnformation competes with each

other by inhibitory connections and decides whitloremes are actually present in

the input.

Both Merge and TRACE (McClelland & Elman, 19&@n account for why the

disruptive targets can still be recognized in ekpent 1. However, TRACE would

overlook the disruptive segment because the inigeaenodels run the stake of

hallucinating. Especially when the input is degdhder disruptive, the input

information tends to be abandoned. In TRACE, phmmelecision can mainly

depend on the lexical information from the lexi@@tel. This is because top-down

activation can function as the distortion to thel@xical processing of the acoustic

input. The strong top-down feedback would overtige disruptive segment and the

disruptive segment could be ignored. For example,hiccup noise inNa51 ¢Ue35/

would be overlooked because of the strong top-d@edback. In reality, subjects can

still notice the hiccup noise. In contrast, thechijz noise would not be overlooked in

Merge. The prelexical phoneme nodes are indeperufetiie lexical nodes; that is,

there is no top-down feedback from the lexical motte the prelexical level. The

prelexical nodes accept the hiccup noise and keegirsg the prelexical processing

information of the following segments to the lexicedes. The lexical nodes then
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activate the possible lexical candidates and sexuta¢ory information to the

phoneme decision nodes. Therefore, although phomleision nodes cannot receive

the excitatory information of the segment replatsdthe hiccup noise from the

prelexical nodes to decide what the disrupted segnse they can still accept the

information from the lexical nodes and do the pmoeelecision. Contrary to TRACE,

Merge can do the phoneme decision without overlugpkhe hiccup noise. Hence,

Merge is a better model than TRACE in this facet.

5.3 Merge model: Spoken word recognition in Taiwémdarin

Given that the results of this study displagtttones are more important than a

single segment in the recognition of spoken words Taiwan Mandarin, the

information of tones should be added in the spakerd recognition models. In this

section, Merge model is used in the spoken wordsgmition in Taiwan Mandarin,

but not Cohort model because Cohort model impliest tif the word initial

information is disruptive, the word cannot be regagd, which is wrong. Therefore,

only Merge model is used in this section.

In the Merge model, there are three kinds afeso including phoneme nodes,

lexical nodes, and phoneme decision nodes. Inglgahbing, a sequence of phonemes

is activated based on the acoustic-phonetic inpben the phonemes send the

excitatory information into the lexical nodes. Sopussible words are activated and
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they compete against each other through the immpinhetworks. The phoneme
decision nodes are designed to resolve the probtamserning phoneme monitory
and phoneme restoration. The model functions akwsl in the spoken word
recognition in Taiwan Mandarin.

For example, the input /tab¥e35/ activates some phonemes first and then these
phonemes send excitatory information to the leximmles and activate some possible
candidates having the same acoustic informaticsoa®e part of the input. Therefore,
the following lexical candidates are activated,ludang /ta51/ ‘big’ (*), /cUe35/
‘learn’ (2¥), /a51/ ‘exclamation markerffif), /ta51 cUe35/ ‘university’ (=), and so
on. For clarity, the candidates which merely p#ytimatch the input, such as /la51/
‘spicy’ (Ffi) and /fcUe35/ ‘lame’ (’F,[ﬁ), are not shown here. After the candidates are
activated, they compete against each other. Thalidate having the most
overlapping phonemes with the input has the higaetstation level. In this case, the
word /ta51 cUe35/ ‘university’ (*~=%) has the highest activation level.

The illustration mentioned above is the norsilation, in which the input is not
disturbed by the noise. What if the situation inichha part of the input is disturbed
by the noise? The input /ta5de35/ ‘university’ (=) whose initial consonant is
replaced by the hiccup noise can still activateeguence of phonemes and the
phonemes send excitatory information to the lexioades, activating a shortlist of
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candidates, such as'£35/ ‘learn’ E), /a51/ ‘exclamation markerfff), /ta51/ ‘big’
(), tab1 ¢Ue35/ ‘university’ (~=), and so forth. Although the initial consonant of
the input is disruptive, the other parts of theuinpan still support the possible
candidates after they are sent into the lexicalesod’he candidate /ta5d1e35/
‘university’ (*~2*) matching most of the phonemes with the input thasstrongest
inhibitory power. However, in experiment 2, as mioneut information is replaced by
the hiccup noise, there are less acoustic cluegtivate candidates. Sometimes the
input information is not enough for spoken wordoggtion, so the stimuli cannot be
recognized. According to the results of experim2ntwo consecutive disruptive
segments of disyllabic words would be enough taltes the serious problem of
spoken word recognition in Taiwan Mandarin.

Experiment 3 proves that segmental informatidone is not sufficient for
spoken word recognition in Taiwan Mandarin sometiméake /tjan2l ¢i35/
‘lecture’ (?%‘F‘»"ﬂ) as an illustration. The words in experiment 3 deprived of its
original tone and given a new tone centering arol®@Hz. In Merge model, when
the modified input #janl00Hz ¢il00Hz/ enters, it activates a set of possible
candidates in the lexical level, includingjétn21 ci35/ ‘lecture’ G%’Ef?), Itcjan55 ¢
i55/ ‘a province in Mainland Chinaf{}1), /tcjan51 ¢ind5/ ‘ingenuity’ (i --), and
so forth. These candidates have a variety of toAesording to Merge model, the
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words /tjan21 ¢i35/ ‘lecture’ %?7}') and /tjan55 ¢ci55/ ‘a province in Mainland
China’ (Z ['1) have the same inhibition power because the segnuérthe acoustic
input map perfectly to the inputefttyl00Hz ¢il00Hz/. However, frequency effect
may play a role here. The word having higher freqyehas higher chance to be
recognized. In this case, the frequency ofaf{55 ¢i55/ ‘a province in Mainland
China’ (1), 22 occurrences out of 5 million tokens, is jadtttle higher than that
of /tcjan21 ¢i35/ ‘lecture’ G%’Ef?), 17 occurrences out of 5 million tokens, so iasd

to say which candidate finally wins. Therefore, §eermodel has to take tones into
account, or it cannot correctly select the particwbord. Both segmental information
and tonal information need to be considered in Me8egmental information alone is

not enough for spoken word recognition in Taiwambiin.

73



CHAPTER 6 Conclusion

The current study has demonstrated that traditiGodlort model cannot be fully

supported because words can still be correctly geiced when word initial

information is disruptive. In general, the overalhtch between the input and the

lexical representation plays an important role. ldogr, the Merge model, which

proposes that the overall match between the inpaditlae lexical representation is the

most important, also cannot provide a thorough angion on spoken word

recognition in Taiwan Mandarin since tonal informatis not included in the model.

If tonal information is taken into considerationelde can account for the spoken

word recognition in Taiwan Mandarin. The resultseaperiment 1 also display that

Merge is a better model than TRACE because thengttop-down feedback of

TRACE can override the perception of the hiccupseaoi

In addition, the current study also showed thatfirst vowel of the disyllabic

word is the most crucial and the second vowel efdrsyllabic word is the second

influential in spoken word recognition in Taiwan Miarin since the vowel carries the

most important information needed for spoken wawbgnition in Taiwan Mandarin,

including tones. The vowels also occupy the longesiod of time in the disyllabic

words. Thus, if the vowel is disruptive, the rafecorrectly recognizing the spoken

words will be lower than the rate of successfullgagnizing the spoken words whose
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consonants are disturbed. The results of experidaigo demonstrate that the onsets

and offsets are almost the same important in Mamdalthough the vowel in the first

syllable is more influential than that in the setosyllable, the coda nasal or

postnuclear glide usually occupy longer periodimietthan the initial consonant and

carry more information than the initial consonaimluding tone. Therefore, the

onsets and offsets are almost the same cruciahimdarin.

Furthermore, the results of this study show tha vowel is the most influential

segment for the perception of Mandarin tones. Algiothe whole rime carries tonal

information in Mandarin, the vowel occupies thedest period of time compared

with the postnuclear glide and coda nasal. Theegfibithe vowel is replaced by the

hiccup noise, it will be the most devastating e plerception of Mandarin tones.

Last but not least, frequency effect appears inegrpent 1, 2, and 3, which

means that it takes shorter reaction time for figguency words to be recognized. In

the three experiments, it also displays that loegfiency words have higher chances

to be incorrectly recognized than high frequencydsovhen the words are partially

disruptive. Hence, frequency effect is an imporfastor in spoken word recognition

in Taiwan Mandarin.

So for the study has shown some general firsdirgm the experiments, | hope |

can recruit more participants for all three expemts to support or revise the results
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in the future study. In addition, the issues conicey the processing of Mandarin
tones will also be more subtly dealt with. Moregwbe question about which tone is
the most frequent one to interact with the otheetowill be further examine in the
future study. Last but not least, the issue reggrélandarin tone in the Merge model

will be investigated more thoroughly in the furttstndy.
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Appendix 1.
High frequency words for experiment 1and 3
(from Academia Sinica Balanced Corpus of Moderm€ébe)

Word IPA Frequency Percent Cumulatio
1 F [ mej21 kwo35 | 3806 0.078 35.980
2 P jen35 Bjow51 | 3693 0.076 36.284
3 Lk _ 3600 0.074 36.358
6i51 t"on21
4 e kwo35 tsja55 | 3541 0.073 36.650
5 B son55 xwo35 | 3533 0.072 36.867
6 A ta51eYe35 3492 0.072 37.010
7 T xwo35 tay51 | 3406 0.070 37.221
8 iz s151 Bje51 3356 0.069 37.359
9 v fan55§151 3328 0.068 37.564
10 RO xwan35 tin51 | 3261 0.067 38.037
11 = won35 xwa51 | 3097 0.063 38.556
12 il 7 kwan55gi55 | 2931 0.060 39.301
Low frequency words for experiment land 3
(from Academia Sinica Balanced Corpus of Modermése)
Word IPA Frequency Percent| Cumulation
1 Feifl _ _ 17 0.000 | 90.746
% t"sje51 tsej35
2 Hi e 17 0.000 | 90.748
tan21 f'wan35
3 A tson55 ppw21 | 17 0.000 | 90.749
4 sl tsa35 in55 17 0.000 | 90.755
5 7 P tejan21 i35 17 0.000 | 90.761
6 el 17 0.000 |90.763
?’E' t"wan35 pu51
7 Gl son55 251 17 0.000 | 90.763
8 i £ tan21 mip35 17 0.000 | 90.766
9 5 jows55e4Yen21 | 17 0.000 | 90.768
10 i _ 17 0.000 | 90.769
- swej35 fsm35
11 mar b _ 17 0.000 | 90.770
'l t'ejen35 pi51
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12

eUen21 t'ein35

17

0.000

90.772
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Appendix 2.
High frequency words for experiment 2 and 3
(from Academia Sinica Balanced Corpus of Moderm€ébe)

Word IPA Frequency Percent| Cumulation
1 Fl- tson55 ¢in55 | 3011 0.062 | 39.057
2 : 2455 0.050 42.269
i t"san35 fin21
3 B son55 mp51 | 1627 0.033 | 46.943
4 A min35 ton51 1573 0.032 47.337
5 i kon55 roy35 1442 0.030 | 47.986
6 P nej51 zon35 1415 0.029 | 48.219
7 ol zon35 lej51 1368 0.028 48.588
8 ‘[ﬁ% e _ 1316 0.027 48.998
t"cin35 ¢cin35
9 fE i tcin55 son35 | 1289 0.026 | 49.345
10 i 1204 0.025 | 50.187
7T t"san21 san55
11 T 1162 0.024 50.695
kon55 t'son35
12 A 7,on35 Min35 1155 0.024 50.790
Low frequency words for experiment 2 and 3
(from Academia Sinica Balanced Corpus of Modermése)
Word IPA Frequency Percent| Cumulation
1 ’F"[’Tﬁ} . 20 0.000 91.402
t"aj35 mws5
HEL han35 $an51 | 17 0.000 | 90.760
3 e he 17 0.000 90.778
p'in35 tsonS1
4 Sl 17 0.000 90.795
o t"oy35 d'aj35
5 = ¢in55 sow21 |17 0.000 | 90.823
6 /&N . 17 0.000 90.832
fan51 fsaj51
AT tsay21 fon55 15 0.000 | 91.402
A 4 fan51 pn21 15 0.000 |91.425
ik lin21 taj51 15 0.000 |91.433
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10 =7 tan21 n35 14 0.000 |91.738

11 il ) _ 14 0.000 | 91.740
t"san35 ¢in55

12 E3=d cin51 kan21 2 0.000 |98.161
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