Chapter 1 Introduction

In the world we live, many sounds surround us a#ld bs perceive the world.
Among these sounds, the voices are not individoiahds but complex combinations of
different sources. Though there are various soimtie world, only a small part of them
are used in languages and we call them speech so@pkech sounds are regarded as a
continuous flow of sounds, and they relate the derity and organization of articulators.
The difference between speech sound and noisatispleech sounds are meaningful and
important elements to form languages whereas nargesot.

In languages;. pronunciation.differences are crlycidistinctive. Speakers
organize the differences or contrastsas ‘makiffgréint words.” The minimal triplets
‘think’, ‘sink’, and ‘pink’ and ‘thick’, ‘sick’,.ard‘pick’in English prove that thed/, /s/
and /p/ sounds are‘contrastive or.distinctive iglish. Therefore, the three sounds are
phonemes in English'but do not need to be comi@aptionemes in other languages. For
instance, the /I/ and /r/ sounds which are contragt English and Mandarin Chinese are
not contrastive in Japanese. In Japanese, /r/llasdunds are allophones of the same
phoneme.

1.1 Study Background and Motivation

Our study aims at figuring out the importance loé two phonetic levels,
segmental and supra-segmental elements, to thealexieaning recognition process.
Intuition knowledge tells us that lexicon recogmitiis an effortless process in speech--
we hear the speech sounds and then access thal levamory directly. However, there

are many detailed and complex auditory cues whitfaciathe process of word



recognition. Theoretically, speech sounds can Ibeaegorized into two dimensions:
segmental elements (small units) and supra-segiredataents (large units). Segmental
elements fit an array of timing slots, each suppgra cluster of distinctive features
(Roca and Johnson, 1999). Segmental featureslyselalte to the place and manner of
articulations. The place and manner of articufetion vowels and consonants are
segmental features in languages whereas supra-s&msements involve pitch
variations to form tones and intonations distintsio They require the model with a tone
level independent of the segmeéntal levels, or elust planes (Roca and Johnson, 1999).
Acoustically, the most. Important cue.to. distingusiipra-segmental features is the
fundamental frequency, or FO..-Tone:and intoriatan also. refer to as the prosodic
features. Prosody functions linguistic and-nonlisgc levels. For the later one,
prosodies are features of voice quality, but fa lihguistic level they are elements in

specific language systems, such-as stresses agsl ton

1.2 Literatures of Segmental and SuprasegemntakeRéng

Previous studies indicated that segmental elemargs the crucial and
determining cues for word recognition process, sashCutler’s research in English
(1986). The supra-segmental elements like streds ndit facilitate to the word
identification. In these kinds of languages, ttiess patterns are already included in the
segmental unit. That is, the unstressed syllablallysco-occurs with reduced vowel,;
hence, the segmental cues are sufficient informéto the language users recognizing

lexical items. However, the result is not the saméhe Spanish (Soto-Faraco, 2001) and



German (Freidrich et al, 2004), which are also saiithes of Indo-European languages.
In Spanish and German, the stress mismatched prm@sed inhibitions to lexical
recognition. Another study relating to Cantonesejialect of Chinese and of tone
languages, also revealed the fact that both seginant tonal cues are computable
information for the process of semantic retriev@&athirmer et al, 2005). The previous
researches indicated the fact that the contributbsegmental and supra-segmental
elements was language dependent. The previouestindlicated that people use the
cues differently based on their inner languageepatt Based on these findings, we were
interested in discussing the. effect of.inner. phientctors. (language background and
language difference).to the semantic recognition.

There are six chapters In this study ‘and two expatis were included. The
research was examined by behavioral experimenE&RIexperiments in Chapter 4 and
Chapter 5, and we introduced 'the ‘usage and datgsanenethods of the ERP tool in
Chapter3. The general discussions were in.Ch&pteDur expectation was that the
supra-segmental information, the tonal featuresuinstudy, was equally contributed to

the Mandarin users.



Chapter 2 Literatures Review

2.1 Language and the Brain
2.1.1 Functional Divisions of the Cerebral Cortex

According to Gazzaniga and his colleges’ (199&yd® the cerebral cortex
consists of two symmetrical hemispheres, and e&dhem contains large sheets of
layered neurons. In higher mammals and humangetebral cortex consists of many
infoldings which are further defined as sulci (#r&olded regions) and gyri (the crowns
of the folded tissue). ;. The sections..of cortex haveariety of function in neural
processing. Basically, the divisions. of cerebmatex can be briefly categorized as five
areas. The five areas are frontal lobe, parieta¢,| occipital Iobe, temporal lobe, and
central sulcus. The'frontal lobe playsithe mapte of planning movements. It is located
in front of the central sulcus. “The parietal lab@r charge of the sense and feeling of the
bodies, and it is the somatosensory area. Themggeceive somatosensory information
and represent information about touch, pain, teatpes sense, and so forth. The visual
processing areas are in the occipital lobe, wiochtes in the post area of the brains. The
primary visual cortex receives visual inputs frdra tateral nucleus of the thalamus. The
auditory processing areas lie in the superior gfattie temporal lobe, which places on the
lateral sulci. The specific position of differéfainctions in the cortex was expressed in

Figure 1.



arie bhe
Erontal lobe Parietal lobe

Temporal lobe Pre-occipita Occipital lobs

Figure 1: Four lobes of the cerebral cortex, in lagral view of the left hemisphere

(Gazzaniga et al, 1998)

2.1.2 The Relationship of Brain-Activities and L anguage

There are_ some brain waves whichsrelate to langpegsessing and are very
important index to help observe the language psicgsactivity in the brain. They are
N100, N400, MMNm fand SPS,. t6 name"just afew.veieHillyard and his colleagues
(1973) discovered the brain wave related to augigmtivities. The N400 wave was
found by Marta Kutas and Steven Hillyard (1980he¥ found that auditory ERPs were
enlarged in amplitude when stimuli were attendedgaring to when they were ignored.
This effect in the ERPs was known as the auditdrypbtential because it is the first large,
negative deflections in signal-averaged wavefornthe subsequent study by Marty
Woldorff and Steven Hillyard’s (1993) combinatiohERPs and ERFs was the earliest
modulations of auditory inputs take place in thdity cortex in Heschl’'s gyri.

The other important brain wave, N400 responsegiisasitic specific. Kutas

and Hillyard (1980) found the N400 effect by compgrthe processing of last word of



sentences in three situations: the normal sentemmemalous sentence, and physically
deviant sentence. The sentence with anomalous wadding show obvious increase
during 400 ms and the difference of the amplituedeailed N400 effect.

In addition, there is a special brain wave ‘MMN’ il occurs when the
context is beyond expectation like N400. But afiéint from the N400, MMN is
phonological unique. The critical feature diffeetween the two brain waves is the brain
responses. According to Connolly and Phillipstst1994), MMN was isolated from
N400. MMN was elicited in the phonological misntatondition but not the semantic
violation. In contrast, N40O. occurs in.semantieaticongruent word as we mentioned
previously but MMN. doesn’t.--Whengthe,;sentencestaioed both phonological and
semantic violation in the sentence-endingwordh det00 and MMN were detectable in
different point of time.

Finally, there_ are less ‘electrophysiological resless correlating to other
linguistic analysis such as syntax. Dutch psyotsts Peter Hagoort, Colin Brown, and
their colleagues (1993) discovered increasing aogsi in positive polarity when
grammatical violation occurs in reading. The pgesitomponent was regarded as the
syntactic positive shift (SPS).

2.2 The ERP Tool

Language is one kind of cognitive activity, anddtates to numerous brain
neurons activation. In order to examine the retehip between language and brain
activities, there are many researches using betiective tools to examine their studies,

such fMRI, PET, MEG, and ERP. Among these neuers® equipments, ERP



(event-related potentials) is a very convenienttodelp record the brain activities. The
advantage of ERP is its sensitivity of time windows sensitivity can record brain
activities in 1 msec. Since our study relatesdgativity, and it is also a time-sensitivity
experimental design, we chose the ERP tool to detb@r brain wave in our study. Before
introducing the ERP, we have to know what the EEBctroencephalogram) is. The
term ‘EEG’ represents the electrical activity oé thrain, and it is popularly known as
brain waves The scalp EEG is an average of multifariousvéids of many small zones
of the cortical surface beneaththe electrodes&aran, 2002). The EEG patterns are
associated with various physiological.and mentalcesses, and they include spikes,
transients, or other waves and-patterns assocmted/arious nervous disorder.

ERP (event-related potential) issan extension BGE By the recording or
marking on specific'events or.stimuli,.we can tiloek the events and then get the results
of brain activations after filtering.out the nois@he ternevent-related potentias more
general than the teravoked potential Short-latency ERPs are dependent on the physical
characteristics of the stimuli, but long-latencyfsRare predominantly influenced by the
conditions of stimuli presentation.

2.5 Researches of Neuro-linguistics

For many years, the interhemispheric researches liien noticed because the
functional specialization of cortical areas relatesdifferent mental activities and
behaviors. Figuring out these different correlagian our brains helps people discover
the inner mental activities of human beings. Likeguages, music also involves high

level of mental activities and is highly relevamtauditory information.



There was research indicating that music stimudilarguistic stimuli cause
different hemispheric activation. For example vaaiemi et al (1999) investigated the
functional specialization of auditory cortex in pessing phonetic and musical sounds.
The study detected the reaction of MMN responséhén condition of frequent and
infrequent phonemes (/e/ and /o/ in Finish) or dsqA major and A minor) by MEG.
The result represented that chord changes are gs@tenore strongly than phoneme
changes within right hemisphere while in the ledfirtisphere there is no such difference.
Moreover, this study further eonfirms the importaraf the posterior areas of the left
temporal lobe in processing phonetic.information.

As we mentioned in the-previous;paragraph, langpageess can be regarded
as an activity which inveolves functional. specificat of cortex; moreover, language
experiences also show differences.in brain proogssiZhang and Kuhl and their
colleagues (2005) compared thebrain activitiesveen adult American and Japanese
listeners’ phonetics processing with MEG. Thisdgtahowed that processing non-native
speech sounds recruited more neural populatiobstimhemispheres and required longer
period of brain activation in two areas: the supreiemporal area and the inferior parietal
areas. They further claimed that early languagpee&nces produce a ‘neural
commitment’ to the acoustic properties of that leage, and this neural commitment
became less efficient by interferences of the uilfanor foreign languages.

In addition, the following researches representedendetails of relationships
between language processing and cortical areasen®g different vowels have been

hypothesized to elicit distinct spatio-temporaltgats of cortical activity.



Makela et al (2003) used MEG to elicit N1m resmookvowel /i/, /u/, and /o/.
The results showed that the change in speech il Bccompanied by location shifts of
the N1m source. The data confirm that the categbperception of vowels might be
explained by the mapping of the vowels F1 and F&@anized cortical areas.

There are still some researches that discusse@dtbgnition of lexical access
from the behavioral and neuropsychological evidenda Cutler’s research (1986) the
supra-segmental information is largely redundamtword discrimination in English
because the stress pattern differences betweerswalve vocalic differences. That is,
the stressed syllable, always co-occurs. with fullwels but unstressed syllable
co-occurred with reduced vowel, and:thus, suprarsegal features facilitate little to
those listeners. However, the opposite .result Wwasd from other languages.
Soto-Faraco et al (2001) used four.cross-modalipgrexperiments to addressed the role
of segmental and supra-segmental information” inatitgzation of spoken words. The
responses were recorded by comparing the primg egitching with the target and the
prime partially mismatching with the target at thiagle element (stress pattern, one
vowel, and one consonant, respectively). The tesudlicate that full matching primes
facilitate lexical decision responses while misrhatg primes produced inhibition. The
different contributions between supra-segmentaimelds (stress) and segmental
elements (vowels and consonants) do not reaclstatadifferences and the fact shows
that supra-segmental elements do contribute duvorg recognition process even in the
intonation languages like Spanish. Furthermore stbdy also showed that pitch is used

for lexical identification in spoken word recogoitiin German (Freidrich et al, 2004).



The opposite findings to English were not only fduim the intonation
languages. Related study from Cantonese, a diafi€thinese and a tone language, also
showed the difference from English. Schirmer ¢2@D5) examined the role of tone and
segmental information in Cantonese word procesbtiynghe event-related potential
(ERP). There were differences between completeltched words and the other two
violation conditions (either in tone or in segméieael) with respect to the latency and
amplitude of the ERP effects. But, the tonal aegnsental elements that induced
semantic violations were comparable. The findisgggested tonal and segmental
information are accessed at a similar.point.andh e of information play the same
role during Cantonese word-recognition.

In sum, we have learned that language experiertest she learning to a
foreign language. “However, there-was no sufficidistussion in the issue of the
interaction of acoustical information and*speecmgrehension in Mandarin. Besides,
previous studies examined the. difference ofraccaisteffect in speech perception
through the results of behavioral experiments &edet were little studies discussing the
brain reaction to phonetic information in Mandarifhat is, the previous studies told us
that the two levels of phonetic cues contributeiflecently when semantic violations
occurred—some languages showed asymmetry between ségmental and
supra-segmental contribution, such as English €gulB86), but other languages showed
equivalent contribution between the two levels bbmetic cues, such as Spanish and
Cantonese.

In our study, we discussed the interaction of spestgnal and brain activities
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in semantic word recognition process. We followsel method of Schirmer et al (2005)
but there were still some differences between thevious research and our study. In
Schirmer’s study, the role of tone and segment&brimation in Cantonese word
processing were examined by the ERP method. Tiieipants were asked to listen to
sentences that were either semantically correseorantically violated words. There
were four sentence conditions in the study, oneseshantically correct and three of
semantic incorrect. Semantically incorrect woriffeed from the expected words at the
tonal level (the TV group), the.segmental leve€ 8V group), and at both levels (the CV
group).

Similar to the Cantonese research, there 'weredentence conditions in our
study, but we further distinguish the segmentallafions into two categories: the
consonant violation‘and vowel violation. Furthermydn order'to examine the specific
relationship between speech 'sounds and word recagnive allowed only one violation
in every incorrect sentence; therefore, there veasamplete violation (a trial with more

than one mismatching) in our study.
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Chapter 3 Methodology

In this chapter, we introduced the method that tbesis based on and we
divided the chapter into two sections. They werpdfimental Procedure and Data
Analysis. In the section of Experimental Proceduve illustrated the process of the
whole experiment; in addition, the equipments amitiveare we used to record the data

were introduced in the section of Data Analysis.

3.1 Experimental procedure

There were two tasks that the participants weredsk do during Experiment
1. They were asked.to concentrate ondistenirigd@entence in the step 1 and then make
judgment in step 2. All participants were intnedd and seated in a comfortable chair in
a sound-proofed chamber during’ the whole experimeAtiditory sentences were
presented over headphones during the expeéerimevryHBrial included two steps, the
first is the brain waves detection-and the secoasltive behavioral reaction. In the first
step of the experiment, the participants saw atiira the white-eye icon on the
black-background screen, and the auditory triale@au through the headphone at the
same time. Then, after the sentence finished eiperiment went to the judgment
section.

, meaning please press the

button.” The participants were asked to make a judgmesptwihe participants saw the
instruction on whether the sentence they heard readge or not. If they thought it was

right, they pressed the right button on the coldrplf not, they pressed the left button.
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They were also asked to make the judgment as swbasacorrect as possible. Next trial
started after the button was pressed or 2 secdtels a&he ISI (inter stimuli interval)
lasted for 2 seconds. The whole experiment lakied0 minutes and the experiment

paused every 15 minutes and the subjects can taleak. Before the experiment started

again, the screen shows the id@ﬁ&%ﬂﬂ}{i’iﬁﬁj 71| expressing the information “The

experiment is going to start again.”

The subjects were informed the preparation dekeifsre joining this activity
such as sufficient sleep and hair-washing at tlyebe#ore they attended the experiment.
The instruction had been provided to.the subjentshe paper before the experiment
started. Because the brainwave-is minorite mobiadbgical signals, we have to avoid
this confounding as well’ Therefore, the subjeatse asked not to move their body or
blink when the auditory sentences were presenidw flowchart of the experiment is

shown in Figure 2 below.
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3.2 Data analysis
3.2.1 Behavioral results

Subjects who participated this experiment wasiked to make a judgment
after they listened to the previous sentence. rTiesponses were recorded and we
calculated the rate of matching the target andoftailure among the four conditions.
3.2.2 ERP data analysis

After data collection, we had to further select tBEG signals. As we
mentioned previously, there are many environmembédes or other biological signals
which were regarded. as . interferences. during datalysis. Those unexpected
interferences would;affect the correctness;anddselt of this experiment. To avoid the
interference, we need torefine the recorded datadr. \We used the software Neuro
Scan to conduct the"data screening and data as@iysiess. The whole process can be
divided into 8 stages:{(Delorem etal, 2004)

There are different events in our experimentthla experiment, we designed
different conditions to observe the brain waveetd#hce. Also, we asked subjects to
make judgment after the auditory trial finished aedorded the events and response
simultaneously. These different events of ERP expmnt and the responses of the
behavior experiment were coded. Then, we furtkelueed the invalid data in order to
avoid the incorrect results. We name those sealatdéa as ‘event’ file.
3.2.2.1 Epoching

We selected certain events from the event filethatstage and tagged the

represented code of these event types before theriment and then extracted the
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different events according to the tags. The gatéor extracting the events were to
average time window of -100 to 1000 msec from wanget.
3.2.2.2 Basdline Correction

The step of baseline correction is to equate teeisfacross electrode sites. It
is important to select an appropriate baselinelmsany noise in the baseline would add
noise to our measures. Because of the pre-stinadhisgties, the carrier sentences, are
not different across experiment conditions (onky stimuli themselves cause condition
differences), we assume that ‘the brain waves"duhgyperiod is unaffected by the
stimulus. We chose pre-stimulus brain wave.asbdeeline (100 ms before stimulus
onset) according to our experimental design.
3.2.2.3 Artifact Regjection

We removed the potentially confounding by the stégmrtifact rejection.
First, we made the blinking correction to the creifiEOG and VEOG. If the amplitude
was beyond the range of £100uV, we regarded itliakibhg and excluded the signal.
Second, we modified other electrodes. All eleasexcept for HEOG and VEOG were
selected and we also conducted the artifact rejectiAt the stage, amplitudes beyond
+80uV were regarded as noise and excluded.
3.2.24 Filtering
After the artifact rejection, we further reducedseowith filters. Most of the

relevant parts of the ERP waveform in cognitive rosaience experiments consist of

frequencies between 0.01Hz and 30 Hz. We sebth@ass filter at 30 Hz and 12dB/oct.
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3.2.2.5 Average

We averaged EEG files to AVG files at the stage Sélected and averaged the
same event types of each subject to see the beaia data. The averaging is a measure
of central tendency for signals. It minimized tBEG noise, or increased the
signal-to-noise ratio (SNR).
3.2.2.6 Group Average (Grand Average)

At this step, data from each of the four experirakobnditions were averaged
across subjects and formed thé grand average files.

So far we have introduced the, details.and thegohoe of our study. Because
the process of ERP.experiments is eomplicated hadrtethod we chose affects the
results and reliability of the study, we have ketaare of every detail and the experiment
design. The above stages ,were/the processes loevddl when we conducted the
experiments and twa" experiments of ‘the study waélibtroduced in Chapter 4 and

Chapterb.
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Chapter 4 Experiment 1

4.1 Subject

Ten native Mandarin speakers participated this exyat (four females and six
males). They speak fluent Taiwan Mandarin and latked in Mandarin reading, writing,
listening, and writing. Some of them can also Tsievanese, which is one of the most
dominant dialects in Taiwan and also a tone langu#di of them grew up in Taiwan and
accepted college education. They used Mandariheadaily language, too. To ensure
the correct result for this auditory experimentitipgpants should have normal hearing
ability and none of them hayve the problem of bigipairment. They did not have a
self-reported history of speech or hearing proble®b participants were voluntary to

participate this experiment and were paid afteretk@eriment finished.

4.2 Materials

In the experiment, four. conditions of materials avenanipulated. Each
condition contained 72 sentences. The sentences pvesented in Mandarin and the
target word was presented at the end of each sEntefhe differences between four
conditions were of the last word of each sentetiegy may either match or violate the
correct word in the auditory way. There were thaeels of violations—the tonal, vowel,
and consonantal violations. We further categoritieel violations into segmental
violation and supra-segmental violations. Tonablation was regarded as
supra-segmental violation; besides, the vowel amsanantal violations were included

in the segmental violation. The examples were shiomlable 1.
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Table 1: The sentence ‘Xiao3-ming2 yinl wei4 gandao4 liu2 bi2 ti4’,
Xiao3-ming2 sniveled because of the flu, in four conditions

Conditions Sentences

1. Semantic Congruence (SCXiao3-ming2 yinl wei4 gan4 mao4 liu2 k2

2. Tonal Violation (TV) Xiao03-ming2 yinl wei4 gamdao4 liu2 bizti2
3. Vowel Violation (VV) Xiao3-ming?2 yinl wei4 garmao4 liu2 bizu4
4. Consonant Violation (CV)| Xiao3-ming2 yinl weidrgl mao4 liu2 biZi4

Condition 1, the semanticycongruous (SC) conditemmprised with 72
sentences. They were consisted of four tonestegghconsonants, and four kinds of
vowels, and totally 72°sentences were presenigte four tones were high-level, rising,
fall-rising and high falling,-marking as Tone 1,nB02, Tone 3,"and Tone 4, respectively.
According to thegarticulation, manner; the eighteeonsonants can be further
subcategorized as ineluding stops/pl/{@t/, /t*/, Ikl and /&/, affricatives /ts/, 6"/, /t¢/
and /th/, fricatives /f/, 8/, ¢/-and /x/, nasals/m/-and./n/, liquid /I/, and réaw /r/.
Vowels included three cardinal vowels /if, [ul, &dd a combination of diphthong or
complex vowel, such as /ai/ or /iao/ accordindhrieal situation in which they co-occur
with the onset consonant without violating theaylé formation rules. The Condition 1
was the controlled group and all the sentenceshim group did not result in any
incongruous meaning because of phonetics mismatch.

Target syllable of condition 2, the tonal viola{@dd/) condition, differed from
correct targets of the SC condition on tonal misiman last syllable. Sentences in this

group violated semantic congruency on the supraisatpl level. For example, the
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word //v} with high-level tone 1 and pronounced as /gu/ Withe 1 in sentencé&f T £

REFZEEERHBEWFME (many companies have to evaluate their profit atete

of a year)changed into high-falling tone 4 /gu/. Each of fimer tones had their variants
of the other three tones. For example, tone 1lhitle-level tone, may be changed into
tone 2, tone 3, or tone 4, respectively.

Target words in condition 3 violated the vowel eatness in condition 1 and
the condition 3 was designed as;vowel violated (\¢wihdition. The same as the SC
condition, the VV condition-included 72 sentenc@ait; the last word of each sentence

did not match the correct word with vowels. Fostance, the wor(ﬁ with the back

lip-round vowel /u/and pronounced as /gu/(Totfiaihe senterced| T FERFZ ¥

EiR HEMFEE (many companies have to evaluate their profit aetie of a yearjvas

changed into front lip-split [i] and pronouncedTame L/gi/.

In condition 4, the consonantviolated (CV) coralitiwe again presented 72
sentences but the target word at the end of thersemmismatched semantic congruence
in consonants. The features that differentiatetsonant were manipulated as place of
articulation, manner of articulation, voicing, asaon. In this experiment, we designed
materials in CV condition as mismatched conditibeansonant feature, but we did not
focus on the difference of minimal difference. Tig we focus on both mono and
multiple consonantal mismatches. Therefore, trastin CV condition consisted of

mono-feature and multi-feature mismatch sentenddege examples of four conditions
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were already shown in Table 1. (c.f. Appendixrifmore details)

4.3 Behavioral Results

The results of the behavior experiment were @z with our expectation.
As our expectation, subjects misjudged more targeten listening to violation
conditions comparing to the semantic congruentasn. The results showed that
consonantal violation made subjects make most kast@vrong judgment: 57%). It was
speculated that the participants used guessintgsiea when they listened to words of
consonantal violations.. Besides, tonal violati@so caused more mistakes (wrong
judgment: 32%) comparing to-the semantic: congr@mastonal violated conditions. In
the three mismatch conditions, vowel violationgdared least wrong judgments than the
other two violations. From the'results of behaai@xperiment, we saw all violations
triggered more incorrect' judgments than"in the sgimacongruous sentences. The
behavioral results for each condition were illustidain Table 2.
Table2: Behavioral results of four conditions (Thetrial number was presented in

upper row in every cell, and the percentage the logr row.)

Conditions SC: Semantic | TV: Tonal | VV: Vowel CV: Consonan
Congruous Violation Violation Violation
(No Violation)

N

target-hit 1149 797 1011 493
9 61.5% 78% 38%

wrong 95 417 181 742
judgment 7% 32% 14% 57%

failure 52 82 104 ~—61—
4% 6% 8% 5%
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There were several possibilities to explain thesequence of accuracy. The first
possibility is that the condition with lower accayaTV and CV) revealed that the fact
they were not the determining cues in word recagmiprocess. Participants did not rely
on these cues very much in speech recognition psoaed these cues were easily
detected. The second possibility was oppositeddirst assumption. Participants may
rely on these cues very much during the speeclynéian process but the cues were not
easily detected. We hardly figured out which hyyesis was more possible according to
the results from the behavior experiment; therefare also conducted the ERP
experiment to see brain. wave reaction.among thatwwa conditions trying to figure out
the specific differences and the-determining eldséme participants relied on during

speech recognition process.

4.4 ERP results
The behavioral ‘results: expressed the phenomerainstibjects misjudged

more trials in mismatch conditions. In order tgufie out the role of different acoustic
cues, we further conducted the ERP experimenteaovbeether the brain waves showed
the distinctions when different mismatch conditiomscurred. There were total 30
electrodes placed on three parts of the brainetahemisphere, which are end with odd
numbers, such as T3; (b) the central part, endéd tve latter z, such as CZ; (c) right
hemisphere, ended with even number, such as T4w®can divide these electrodes
according to their cortical location: frontal, cexlf temporal, parietal, and occipital. The

followings are the 5 sets of 30 electrodes we wbithe brain waves: F3, F4, F7, F8,
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FC3, FC4, FCZ, FP1, FP2, FT7, FT8, and FZ; C3,d3, CP4, CPZ, and CZ; T3, T4,
T5, T6, TP7, and TP8; P3, P4 and Pz; O1, 02, andT»2 distributions of all electrodes
were shown in Figure 3.

According to previous literatures, the N400 brairavey occurs when
semantic-violated sentences were presented. Waceed the epochs in the duration of

100 ms before the target onset to 1000 ms sincetpet onset.
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Figure 3: The distributions of 30 electrodes
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4.4.1 N400 effect among four conditions

Conventionally, the negative values were represeaté¢he upside and positive
at the opposite side; therefore, the N400 wave roedwat the upside from the horizon.
We average the minimal value at the time window B883-500 ms to extract the N400
wave form. The values of largest N400 wave atithe 350 ms~500 ms window were

extract and marked as in Figure 4. Figure 4 shinegesult of four conditions in this

experiment.
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Figure 4: Group Averages of Four Conditions.
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After examining the effects of brain distributioos N400 peak latency and peak
amplitude through the one-way ANOVA analysis, thdON peak latency occurred
earliest on central and parietal cortex and the(Ng€ak amplitude were strongest on
central and frontal areas. Therefore, we extratitedelectrodes from the central and
parietal areas to examine the effect on N400 pat@kty and extracted the electrodes on
the central and frontal areas. Comparing withsteimantically congruous condition, all
violation conditions elicited the N400 negativitythe time window of 350 and 500 ms
after the word onset. Examining the N400 negativitall violation conditions, we found
N400 reaction occurred obviously especially in a¢oad 3, the vowel violation (see
Figure 3). The statistic results-of ANOVA revealbe main effect of the factor Word
Condition was significant'on variances of latenegl amplitude. The results were shown

in the Table 3 and Table 4 below.

Table 3: The Significanceiof Word Condition on Ampitude

LI T
amplitude
T | % | e oA | Fel | B

A [ G A 221.060 3 73.687 51.077 .000

_ w S 92.342 1 92.342 64.008 .000

- R

E - 128.718 2 64.359 44.611 .000 >
L' Il 929.078 644 1.443
A 1150.138 647

The main effect of Word Condition on amplitude wagmificant (F = (3, 644)
<.005). The average amplitude is -1.701pV in S@ddmn, -2.157uV in TV condition,

-3.303uV in VV condition, and -2.445uV in CV condit. We further examined the post
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hoc report, and the results expressed that albtadl conditions were elicited larger
waveform during 300 ms and 500 ms from the onsethefword compared to the
semantic congruous condition, and the distinctibatveen violated conditions also
reached significance (SC vs. Tp< .005; SC vs. VVp < .005; SC vs. C(p < .005).
The difference among the three violated conditimas obvious. The vowel violation
condition showed the most significant differenceoam all violated conditions. The
N400 negativity was stronger in vowel-violated werdnd then followed by the
consonantal violated (CV) and ‘the tonal violatew(€onditions.

The main effeet of Word Condition on.atency wasoasignificant and results
were in Table 4 (F =.(3, 320),<-.005). Fheshighest peak'during 350 ms to 50Qimmes
window occurred during 396 ms from the word onsedV, 359 ms in TV, 350 ms in VV,
and 350 in CV, respectively. .Post’hoc comparigvealed the distinction between the
semantic congruous ‘condition ‘and violated ‘condstisr@re significant (SC vs. T\p
< .005; SC vs. VVp < .005; SCws. Cp < .005); however, there were no significant
difference between all violated conditions (TV V. p>.05; TV vs. VV:p>.05; TV vs.

CV: p>.05; VWV vs. CVp > .05).

Table 4: The Significance of Word Condition on Latacy

RBERr I
latency
A Fiphd [ TS 4R | Fid 2

A e G A 118066.864 3 39355.621 15.017 .000

_ w B 89363.595 1 89363.595 34.099 .000

-H [ECS

i = 28703.269 2 14351.635 5.476 .005

1’_’ N 838638.123 320 2620.744
AEAL 956704.988 323
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To summarize our findings of N400 waveform betwdba semantically
congruous condition and the mismatched conditioves,found that N400 negativity
showed distinctions in the violated conditions bothlatency and amplitude domain.
Moreover, vowel violation showed the most obvioifflecences compared with semantic
congruous (condition 1) and semantic incongruousdwamnditions (condition 2 and

condition 4).

4.4.2 I nteraction of Word Condition and Hemisphere

After reporting.the overall result of different vabconditions, we presented the
interaction between.the factors-of -Word,;Conditiond aHemispheres as below. We
divided Hemisphere into three parts: they wereHefhisphere, right hemisphere, and the
central area. Electrodes disturbed-atithe lefisgnere were F7, FT7, T3, TP7, T5, FP1,
F3, FC3, C3, CP3, P3;and O1:" F8, FT8, T4, TP3FPR; F4, FC4, C4, CP4, P4 and O2
were distributed at the rightthemisphere; the edpiart was FZ, FCZ, CZ, CPZ, PZ, and

OZ. The specific distributions of all the electesdvere shown in Figure 3 above. The

Word x Hemisphere interaction failed to reach the sigaiite on latency [F(6,

1080)=0.921p > .05], but the WordHemisphere interaction was not significant on

amplitude [F(6, 1080)=1.38p,< .05]. The results were presented in Table STafie 6.
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Table 5: Word ConditionxHemisphere on latency

TRHRHISEERRERE

ey latency

R ER R AR | Noncent. 2 | BI=0Yf%
wp | e | A | e | e | | e
RCRIR 09104 5677 11| 918624 | 3121 000 031 34334 991
Intercept  [2176962.613 1 [32176962.6 [41594.096 000 975 | 41594006 | 1.000
COND 88748.192 3| 29582731 | 9300 000 025 27.928 997
HEMI 3332.561 2| 1666281 524 gz/ 001 1.049 137

%
NP 17560498 6| 2026750 | 91 00 556 | 369
R B393871.000 | 1068 | 3177782
A 0565712.000 | 1080
s s S
EE IR a7 867 1079
a. IFD“ alpha— 05 ;hET
Table 6: Word ConditionxHemisphere on amplitude
CRH MBI FR L

[#4EEr amplitude

IHBNEN ERE TN SR N t. 1<
yall P ] b A | e | g | g, | Noge e | BEDE
T 315.762° 11 28706 | 21391 : 181 235300 | 1000
Intercept 4147.546 1 4147.546 3090.666 /ZZE\ 743 3090.666 1.000
COND 263.751 3 87.917 65.514 .000 155 196.542 1.000
HEMI . 14.226 2 7.113 5.301 .005 010 10.601 838
COND 11166 6 1861 1387 217 008 8.321 547
e 1433.212 1068 1.342
ﬂﬂiﬂ o 6493.150 1080
e B 1079

a. [fi™'] alpha = .05 FFET

Post hoc analysis revealed that main effect of WGahdition reached
significance on amplitude [F = (3, 108®),< .001] and on latency [F = (3, 108@),
< .001]. The post hoc comparison reported thaitiked to the semantic congruous

condition, the N400 effect occurred in all violatisituations (SC vs. T < .001; SC vs.
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VV, p <.001; SC vs. C\p < .001), and vowel violation was also differerdnfr other
violations (VV vs. TV,p <.001; VV vs. CVp <.001). Tonal violation and consonantal
violations are not different in the N400 amplitud@®/ vs. CV,p > .05). The occurring
time of SC was also different from VV and CV (SCV¥, p<.001; SC vs. C\p < .05),
but not different from TV > .05). N400 effect occurred earlier in vowellaimns and
consonantal violations but not in the tonal viotiaweord condition.

Hemisphere differences were relevant to the N4@@tiaty on amplitude [F = (3,
1068),p < .001], but not on Jateney ([F = (3, 106®)>.05]). The N400 negativity
detected from the central part was different fraift hemisphere and right hemisphere
(both p values < .05), and the-amplitude was wegk#re central part than the left and
right hemispheres. However, there was no significéfiference between left and right
hemispheres. We"compared IN40O-“waveforms fronereifit' hemispherical areas in
Figure 5, and the electrodes F3, C3, P3, FZ,,CZFRZC4, and P4 were chosen. The left
column referenced to electrodes at left hemisphagetiral column to central part, and
right column to right hemisphere. The X-axis reyar@ed the occurring time from the
onset of the word, measured with millisecond, amal Y-axis represented the elicited

strength of brain wave signals.
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4.2.3 I nteraction of Word Condition and Scalp distribution on N400 effect

So far we have discussed the interaction betweemispbere and acoustical
violation types, and then we will discuss the N4ftect among different violated
conditions and among different functions of cort&¥e can briefly divide the brain into
five parts based on their function to work and \aeehalready introduced their functions
in Chapter 2. The factor Site included five levétental, temporal, central, parietal and

occipital. We examined the interaction betweenfgotor Word Condition and Site by

ANOVA test. Table 7 and "Table 8 indicated the Itedinat Word Conditiorx Site

interaction failed to reach significant differenge ‘amplitude ([F(12, 1060)= 1.238,

> .05], but reached significance on latency:(|F{@60)= 2.36p < .05].

Table 7: Word ConditionxSite on amplitude

TERYMFERRVEL

[#idE)r: amplitude

] BT ] T - i—ﬂ’lﬁ[ﬁﬁ Noncent. % [
JelE al FIEs Jall F Azt S Eta =Ty iia RSN
Rt 522555 19 27.503 23771 299 451.646 1,000
Tntercept 2945.764 1l 245768 | 2506.037 706 2546.037 1.000
COND 191.629 3 63.876 55.200 135 165.626 1.000
SITE 215.000 4 53750 46,456 149 185.825 1.000
COND * SITE 17.185 12 1.432 1.238 014 14.853 713
e 1226420 1060 1.157
o 6493.150 1080
Fh-po 1748974 1079

a. ffi®] alpha =.050 7 &1
b. R4 =.299 (F‘ﬁ‘rﬁ} EfY R =.286)
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Table 8: Word ConditionxSite on latency

TEHEIERpEE

[#~Egy: latency

A GURTERT I T, TR | Noncent. 2 | BRl%
i O s | A e | o | e | o | BEE
FEEAT 200300106 19| 10652112 3421 000 058 64999 1,000
Intercept 11618422479 I [111618422.5 | 35846828 971 | 35846828 1.000
COND 96134.190 3| 32044730 | 10291 028 30874 999
SITE 25985.524 4| 6496381 2.086 008 8.345 623
COND * SITE | 88192.794 12| 7349400 | 2360 026 28324 967
e 3300585.741 1060 | 3113760
A [50565712.000 1080
LEr A ] 3500975867 1079

a. fl1?] alpha=.05 5T
b.RZ ™ =.058 (F%f;}'rﬂ”} U R =.041)

Post hoc results revealed that the strongest N4GQelicited in the frontal area
(Front vs. Tempp < .005; Front vs. Cenp, <.005; Front vs. Parietgh,< .005; Front vs.
Occipital,p < .005) and the weakest N400 was elicited in thepital area (Occipital vs.
Fontal,p < .005; Occipital vs. Temm==005;-0¢eipital vs. Cenp < .005; Occipital vs.
Parietal,p < .05). However, the multiple comparisons did rexeal the N400 strength

distinction between the three'cortical locatioesnporal, central, and parietal X .05).
The significant interaction of Word Conditi®e8ite on latency can be seen from

the areas of temporal, central, and parietal (Rlo®C vs. CVp < .05; Central: SC vs.
TV, p<.05; SCvs. VW <.001; SCvs. C\p <.05; Parietal: SC vs. V¥ <.05; SC vs.
CV, p<.05). The result expressed that CV conditiacited earlier N40O peak than the
SC condition in temporal lobe. Moreover, all vioda situations elicited earlier N400
effect than the semantic congruous in central l@me both vowel and consonantal

violations occurred earlier N40O0 effect in parietal
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Figure 6: N400 effect of four conditions among frotal, central, temporal, and

parietal cortex
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4.2.4 Summary of Experiment 1

The findings of the Experiment 1 can be summariasdfollow. First, the
behavioral experiment indicated that participardeduboth tonal and segmental cues
during the word recognition process. Moreover, soorantal mismatched sentences
triggered the most wrong judgments, and tonal Vimt& also caused the high rate of
wrong judgment. Finally, participants made thesleavrong judgments in the
semantically congruous condition.

The ERP results further 'showed the' different treas between the semantic
congruous condition and mismatched.conditions. tdl mismatched conditions were
elicited the N400 negativity| and-the ;N400 differermreached significance among all
semantic violated conditions. The N400:peak amqdtwere strongest when vowel
violations occurred’and smallest in tonal mismadcbenditions. However, we cannot
find significantly difference of the N400 negatwiteactions between all violations from
the performance of peak latency-or of peak amgitutiwas possible that the N400 peak
amplitude was the more reliable index to the auitjtonduced semantic violations.
Otherwise, it was also possible that the consonamoiations consisted of many
heterogeneous combinations and the effects weelsheach other. In order to figure
out the effects of tonally mismatched conditionsréactions of N400, we further
conducted the Experiment 2. In Experiment 2, tloéations resulted from consonantal
elements were recorded and the reactions of th® Mé@eform were also recorded and
labeled according to the classes of the consonatdaients. There were 12 kinds of

consonants included in Exp 2.
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Chapter 5 Experiment 2

In order to figure out the role all acousticallyokdted cues played during the
semantic recognition process, we designed ExpetirBenAs in experiment 1, we
examined the response between different semantitatidn sentences caused by
auditorily mismatched sentences. Because of the sudficient explanations from EFP

experiments, only ERP experiment was conducteckmZto examine the study.

5.1 Subjects
There were 8,(6 males, 2 females) undergradu@tlCdU participating the

experiment voluntarily. They were paid after thk@&iment finished. All participants
are right-handed and speak fluent Mandarin:” Ndribeom had lived or studied abroad
before 18 years old:"Mandarin is their'daily langgifor all participants; moreover, they
are skilled in Mandarin reading;»writing, listenjngnd writing. They do not have
self-reported hearing and speaking problems.
5.2 Materials

Four types of sentence conditions were includeth Bgp 1, including one semantic
congruous condition and three semantic violatiomdd@mns. The four conditions were
semantic congruous (SC), tonally violated (TV), ebwiolated (VV) and consonantally
violated (CV) conditions. Each condition contairs®isentences. The combination of
target syllables included four tones of Mandarinhick are high-level, rising,
falling-rising, and high-falling tones. The vowaétsthe target syllables werg/[ lu/, /al,

/o] and &/.
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According to the manner of articulation, the corestus of target syllables were
divided into 4 groups. Each group consisted ofetdtifferent consonants and the three
consonants of each group were only different inrtpice of articulation. The four
groups are stopgl, /t/, [k/, aspirated stopel/, /t/, [kh/, fricatives £/, Ix/, Is/, and
sonorants /l/, /m/, In/. The deviant syllableslated one cue of syllable structure in
Mandarin on tone, vowel, or onset consonant. dhere were no syllables with more
than one violated element in the experiment, sgctha syllable with the violations of
both tone and vowel or with the'violations of batwel and onset. Moreover, compared
to the study with first-syllable mismatched.in diskic phrases, all trials in our study
belonged to the highly constrained conditiens whiele final- syllabic mismatched, and
this kind of highly constrained conditions weresleklfficult for the participants during
the process of sentéence-meaning.integration. Tere 212 trials included in the Exp 2

in total.

5.3 Procedures

All participants were seated in a comfortable chaia sound-proof room. The
procedure was the same as Expl, and the onlydliiteris that we exclude the behavior
experiment from Exp2. Subjects were asked to sthtbe fixation icon on the screen
while the auditory sentences were presented thrbegldphones, and they had to press
the bottom to decide whether the auditory sentéaceemantically correct or not.
Because the request was to encourage particiganctmtentrate on the experiment, the

results of subjects’ judgments were not recorded.
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5.4 Results
We extracted the N400 negativity in time window380Dms~500ms from the onset
of the last syllable in every sentence. The peaglifude and peak latency of N400

waveform were extracted in our study.

5.4.1 N400 effect among 4 conditions

The statistic results showing the.effect of Wordh@ition on latency and amplitude
were shown in Table 8 and Table 9. :We;also chtluselectrodes on the central and
parietal areas to examine the effects on the N4@®& fatency and choose the electrodes
on central and parietal areas to examine the sftecthe N400 peak amplitude. The main
effect of Word Condition on latency reached sigrafice ([F = (3, 1148)], p <.05). The
peak of N40O waveform occurred earliest in tonhalation condition, and it occurred
latest in consonant violation condition. The meaiithe N400 peak latency between the
time window of 350~500ms from the onset of lastatyjk in sentences were as follow:
the semantic congruous condition (SC) 385.19 nestdhally violated condition (TV)
365.98 ms, the vowel violated condition (VV) 37888, and consonantally violated
condition (CV) 400.17 ms. According to the post treport, N400O peaks occurred
earlier in tonal violation and vowel violation catidn comparing to the SC but the CV
did not show the significantly statistic differenfrem the SC group. The distinction

between TV and VV did not reach significance. umsthe earlier N40O negativity was
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extracted when subjects listened to the tonally\awiel violated sentences while in the
consonant violated sentences, the earlier N40O giglakot occur.

The main effect of Word Condition on amplitudeaateached significance ([F = (3,
2268)], p < .05). The means of peak amplitude betwthe time window of 300~500ms
from the sentence-final syllables were —4.175u @ @oup, -4.681u in TV group,
-4.595 in VV group, and -4.458u in CV group (tle¢ails were shown in Table 9 below).
Post hoc analysis reported that there was neitgeifisant difference between SC and
CV group nor significant differénce between TV afd group.

In brief, the one-way ANOVA analysis indicated itb#ect of the factor Word
Condition on the latency and-amplitude; of N400. peakd. the results showed the
consistence of latency and amplitude. Based omiliéiple comparisons between the
four kinds of sentence conditions, they revealedine N400 negativity occurred earlier
when the subjects listened to'the sentences wsthidmal or 'vowel deviant. Also, the
N400 waveform reacted stronger while the tenal ®odel violated sentences were
presented through auditory way to the participar®s the other hand, the violation of
consonant, the CV group, did not show significaffecence compared to the controled

sentences, the SC group.
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Table 9: The main effect of Word Condition on N40O(peak latency

RBEIRST T
latency
I A FIENTE T A | Pt IS

A [er] G F 174193.316 3 580064.439 11.857 .000

;j‘ S5 48383.617 1 48383.617 9.880 002

-H Ry

g - 125809.699 2 62904.849 12.845 .000

S| 5622029.0 1148 4897.238
AEA 5796222.3 1151

Table 10: The main effect of Word Condition on N40@eak amplitude

LI T
amplitude
T A FIEe TIT A | FREE il

A [#1) G 7)) 83.558 3 27.853 4.472 004

:_«4*’ Eo 16.520 1 16.520 2.652 104

-H B

67.038 2 33.519 5.382 .005

A 14126.011 2268 6.228
AEA 14209.569 2271

5.4.2 Theinteraction'of Word Conditionrand-Hemisphere

Beside Word Condition, there were other possibBitivhich may correlate with the
differences of the brain waves in different wora@dion, such as the brain lateralization
or cortical functional difference. Therefore, wether examined the interaction between
the two factors of Word Condition and Hemisphedriéke in Exp 1, we divided the brain
into three parts—the left part, the right part, &8melcentral part. The interaction between
Hemisphere and Word Condition on latency reachguifssance (p < .05), and details
were shown in Table 10. Post hoc report revediatlin TV and SC conditions, the
sequence of the N400 peak latency occurred eanlibe left side than in the right and it

occurred latest in the central part. In VV and Cdhditions the N400 waveform
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occurred earliest in left side, and then in cersidg and in right side. However, the N400
peak latency extracted from the left, right andia@ipart did not reach significance in SC,
TV, and CV condition. The hemispheric differeneaghed to statistic significance only
in the vowel violated (VV) condition. N400 negatigs occurred earlier in the left

hemisphere than in the right hemisphere when thgests listened to the sentence with

last vowel deviant.

Table 11: Two-way ANOVA of Hemisphere * Word Condiion on latency

Tests of Between-Subjects Effects
Dependent Variable: latency

Type I Sum
Source of Squares df Mean Square K Sig.
Corrected Model 505113.395% 11 45919.400 8.762 .000
Intercept 528378897.9 1 528378897.9 100820.796 .000
COND 371104.617 3 123701.539 23.604 .000
HEMI 27661.513 2 13830.756 2.639 072
COND * HEMI 94297.975 6 15716.329 2,999 @
Error 19726269.232 3764 5240.773
Total 605602184.0 3776
Corrected Total 20231382627 3775

a. R Squared = .025 (Adjusted R Squared = .022)

Different from the result of latency, the N400 peakplitude did not show
differences among left, right and central arealse ihteraction between Word Condition
and Hemisphere on amplitude was not significant[2, 3773)], p > .05). We cannot
find the correlation of N400 peak amplitude betwé¢lea three brain areas and word
conditions. Since we already found that there m@asorrelation between Hemisphere
and Condition on amplitude, then we only focusedtlom effect of Hemisphere on
amplitude. One-way ANOVA analysis showed that #féect of Hemisphere on

amplitude was significant (F= (2, 3773), p < .0%he mean of the left, right and central
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hemispheres were —4.15u, -3.86u4, and —3.93u, rsggc The post hoc analysis
reported that the difference between left and rigimhispheres reached significance. The
report expressed that stronger N400 negativitydedscted in the left hemisphere than in

the right hemisphere.

Table 12: The average of peak latency and peak anifpide of N400 among three

parts of brains in Exp 2

e Y
I TEEHY 95% (1T [
e |\ e | e T Tt ] et | s
latency left 1488 ¥ 396.7930 74.6552 1.9353 | 392.9967 | 400.5893 300.00 548.00
right 1520 /| 392.7513 70.5746 1.8102 | 389.2006 | 396.3021 300.00 548.00
central 768 389.7370 753114 27176 | 384.4022 | 395.0717 300.00 548.00
AEA 377611 393.7309 73.2073 1.1913 | 391.3952 | 396.0667 300.00 548.00
amplitude left 1488 -4.1492 2.3741 | 6.155E-02 -4.2699 -4.0284 -26.48 3.92
right 1520 -3.8610 2.4088 | 6.178E-02 -3.9822 -3.7398 -18.43 6.57
central 768 \—3.92;%? 2.3714 | 8.557E-02 -4.0963 -3.7604 -14.34 2.40
ARA 3776 -3.98 2.3906 | 3.890E-02 -4.0645 -3.9120 -26.48 6.57

Table 13: One-way ANOVA: the main effect of Hemisphre on latency and
amplitude of N400 negativity in Exp2

BRG] 7
L EIEN3 EEEERL F it S
Tatency Aol | 27661.513 2 13830.756 2.583 076
ST 20203721 3773 5354.816 /
A 20231383 3775
amplitude - [ 65.908 2 32.954 5.781 003
A7 | 21508.401 3773 5701
A ] 21574308 3775
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5.4.3 Two-way ANOVA-- Site* Condition

After discussing the N400 reaction between hemisgshand different types of
violated sentences, we further discussed the etieraof cortical areas and sentence
conditions on N400 waveform. We use the metho@-wfay ANOVA to exam the
interaction of the two factors—Site*Condition. Thtatistic analysis showed that the
relation between Site and Condition did not reagmicance (p= .310 > .05). The
results revealed the word condition effect did sledbw difference in the five cortical
areas.

After figuring out the interaction between cortiea€as,and violated conditions, we
further examined the effect of-cortical.areas oOpeak latency and amplitude. The
one-way ANOVA indicated that the effect of Site @ency was significant ([F=(4,
3771)], p<.05). The mean of the N400 peak latermong the frontal, temporal, central,
parietal, and occipital" areas were ‘400ms, ‘392m8m38 387ms, 402ms, and 393ms,
respectively. The earliest:N400. negativities .weetected from the central area; in
contrast, the latest N400 waveforms occurred in dheipital area. The multiple
comparisons showed that the N40O0 significantly aezliearlier in central cortical than
in frontal, temporal, and occipital area, but theses no significant difference between
the central area and the parietal area. Thetstatsult also showed that the main effect
of Site on amplitude was significant ([F=(4, 377Pk .05), see also Table 14. Multiple
comparisons revealed that N400 component observéamtal and central areas had
larger amplitude than in other areas of the sdalp,statistic results did not show the

significant strength between frontal and centrahar
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Table 14: The average of peak latency and peak anipide of N400 negativity

among five cortical areas in Exp 2

T Y
T 05 R
wor | AN e | e [ 1w | st | s
latency  frontal 1504 1/400.5638 \ 74.3808 1.9179 | 396.8017 | 404.3260 300.00 548.00
temporal 736 /| 392.8397 [\ 71.2910 2.6278 | 387.6807 | 397.9986 300.00 548.00
central 768 380.2083 69.9596 2.5244 | 375.2527 | 385.1640 300.00 548.00
parietal 3841 | 387.3281 72.7901 3.7146 | 380.0247 | 394.6316 300.00 548.00
occipital 384 | 402.1250 | |74.8048 3.8174 | 394.6194 | 409.6306 300.00 548.00
A 3774 | 393.7309 | |73.2073 1.1913 | 391.3952 | 396.0667 300.00 548.00
amplitude frontal 1504 47776 2.6526 16.840E-02 49118 -4.6434 -26.48 6.57
temporal 736 -3.2485 1.8379 16.774E-02 -3.3815 23,1155 -14.30 1.65
central 768 -3.8888 2.0529 |7.408E-02 -4.0342 -3.7434 -11.81 1.11
parietal 384 -3.4891 2.1581 1101 -3.7056 -3.2725 -14.06 93
occipital 384 -3.012;/ 2.1013 1072 -3.2234 -2.8017 -13.70 46
AEA 3776 3\9@ 2.3906 |3.890E-02 -4.0645 -3.9120 -26.48 6.57

Table 15: One-way ANOVA: the main effect of Site otatency and
amplituderof N400O negativity in Exp2

BEIGrsT A7
T | e [ TieT A | Fede | BRIE
Tatency SO | 254040350 7 63510.088 11.988 000N
SN 19977342 3771 5297.625 /(m\
SR 20231383 3775
amplitude 2 [0 1808.765 4 452.191 86.272 000
71| 19765.544 3771 5.241
A | 21574308 3775 _
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Chapter 6 General Discussion

Our study aimed at specifying the role of tone aegmental information for
word processing in Mandarin. In order to answerdbestion, we conducted a behavior
experiment and ERP experiments. The behavioraltsas Expl revealed that both tonal
elements and segmental elements played importéed om word processing, and tone
and consonant mismatched words involved more wrjokigments than the vowel
violation words did. The behavior results may atdbus the possibility that the listeners
endured the tonal and consonantal information &othiey still regarded the mismatched
conditions were correct.. In.sum, we. hardly sawdlear and specific effect between
different speech information from-the behavior tesimorder to answer the question, we

conducted the ERP experiment and compare the N between word conditions.

6.1 The comparisons of behavioral éxperiment'and ERP experiments

From results of experiment 1, we discovered th#ierént acoustic cues
triggered different N40O reaction on peak latenog amplitude. The semantically
violated sentences caused by the mismatching oélgwones and consonants involved
earlier N400 peak latency and stronger amplitudenpayed to the semantically
congruous sentences. The ERP results of experifngmovided explanations of the
findings in the behavior experiment. From thedwedr experiment, we found that the
accuracy was highest when participants listenethéovowel violated sentences than
listening to other two violated sentences. Moreowe found that the violations of

vowels triggered earlier N40OO waveform and strongd00 amplitude as well. The
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findings showed that not only participants percéivewel cues precisely but also they
can detect the mismatch of vowel well during speeebognition process. The
participants’ sensitivity to vowel elements in belogal experiment was reconfirmed
from the findings of the ERP experiment 1.

Beside vowels, the behavior experiment also shotlieddifferent reactions
between tonal violation and consonantal violatend@mons. The consonantal violations
resulted in more incorrect judgments than the tonalations did. Therefore, we
expected the earlier N40OO peak latency and Stroagw®litude in the tonal violated
conditions. However, we did not find.the specififference;of N400 peak latency when
subjects listened to;the tonal and consonantal aiEmsentences in Experiment 1 and
the N400 peak amplitudes in consonantal:violati@nesstronger than the tonal violated
conditions. The insignificant difference betweendl and consonantal violations might
be resulted from the ‘heterogeneous combinatior$onants so that the distinction
between the two conditions became unclear. Inrdodggure out the role the tonal and
consonantal cues played during the recognition ggecwe divided the consonantal
elements into several subcategories and compaed thith the tonal elements in
experiment 2. The results of Exp 2 showed thailtgwiolated conditions caused earlier
and stronger N400 waveform than consonantal vidlatnditions did. The distinction
reached significance in Exp 2. Furthermore, logkitio details and comparing different
subcategories of consonantal violation with tonalation, we found that the latency
differentiation between CV and TV groups was madiest in the fricative group.

The tonal violations triggered significantly earlid400 waveform than the
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fricative violation in CV group. In addition, thg400 of TV group was significantly
stronger compared to the category of sonorantwwia in CV group.

We further compared the N400 waveform reaction ajtbe consonant violated group,
and the within group comparison indicated the ddfifee as well. The means of N400
peak latency occurred in the time window of 413msunaspirated stops, 381ms in
aspirated stops, 428ms in fricatives and 406memnoiants. Besides, the means of the
peak amplitude were - 3.5/ in unaspirated stops, -4.58in aspirated stops, -4.33in
fricatives and -2.9% in sonqgrants. The table 16 showed the multiplmparisons
between different subcategories of.consonantalatadl condition. There were two
p-values included in. each cell-with the upper roiMadency and the lower row of

amplitude.
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Table 16: The multiple comparisons of latency andraplitude among the violations
of unaspirated stops, aspirated stops, fricativesra sonorants

Unaspirated stopsg Aspirated stops| Fricatives Sonorants
p-values
Unaspirated stops | p= 0* p=.98 p=1
Lat: 413ms p= 0* p=.639 p=.044*
Amp: -3.57u
Aspirated stops p= 0* p= 0* p=.006*

Lat: 381 ms p= 0* p=1 p=0*
Amp: -4.58u

Fricatives p=.98 p="0* p=.2
Lat: 428 ms p=.639 p=1 p= 0*
Amp: -4.33u

Sonorants p=1 p=.006* p=.2

Lat: 406 ms p=.044* p=0* p= 0*
Amp: -2.95u

The multiplescomparisons indicated that the N40@veiorms showed
significant difference in aspirated stops, suchp&s /t"/‘and /k/ in our study, compared
with other groups. The N400 negativity occurredieaand waved more strongly in the
condition of aspirated stops. In addition, thelkp@aplitude of N400 waveform was also
strong if the expected fricatives were mismatch&tie findings indicated the fact that
aspirated stops and fricatives triggered morerdistie N40O0 reactions than other groups
of consonants did, and there are two possibiltbesxplain the phenomenon. First, the
similarity of aspirated stops and fricatives is ktveger duration when people pronounce
them. Second, both aspirated stops and fricatieee the feature of aspiration. The

same, there are also two possibilities to explagdistinctive reaction of N400 negativity
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during the mismatching of tones and vowels. Itlddae the longer duration of the two
elements or the stronger sonority of the tonesvanwekls compared to the consonantal
elements. If the lasting of duration is the crueil@ment in speech recognition process, it
can also explain the result that tonal and vowelation triggered significant N400
difference compared to the consonant violationsgesithe vowel and tonal elements
involved longer duration, and that explains whyipd and fricatives also triggered
significant N400 distinction than other classes coinsonants as well. And the
explanation implies that it is;hard for people &tett the mismatch or errors during
speech if the violationsdoesn't last long.enoughat is to say, people need enough
information to find the deviation-of speech, and tbnger duration provides the more
time for people to_ integrate the speech soundsher@ise, people cannot detect the
mismatching if the duration of cues'is:too short.

In order to figure: out whether duration is theical element to help people
detects the mismatch well; we-further comparedNBE0 waveforms between vowel
violation and tonal violation in the sonorant groujpor the reason that the duration of
tones is longer in words with sonorant onsets thanwords with unvoiced consonant
onsets, we expected that tonal violation triggesalient N40O than vowel violation in
this sonorant group if assumption 1 was sustained@herefore, we conducted the
comparison between tonal violation and vowel violawwhose target words started with
the sonorant onsets. If duration were the detengielement, then the results would
show that the tonal violations triggered earlieOR4eak latency and stronger amplitude

compared to the vowel violated sentences. HowdlverJ-test analysis did not support
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this assumption directly. The means of latencyVhand VV conditions were 368.8ms
and 379.68ms, respectively. The effect of duratinorN400 peak latency was marginal
(p=.59, p >.05). The means of N400 amplitude wh65 in TV group and was —4.63 in
VV group. The difference was significant (p=.0p% .05) and it indicated that violation
of tones did not trigger more salient N400 negstithan VV group.

Since the duration assumption was not sufficiengxplain the robust N400
waveform reaction among tonal and vowel violatiooes can it explain the significant
N400 waveform among aspirated stops and fricatfensonant violation, we had to
take the assumption 1 into more consideratiorwa#f not sustained that the possibility of
duration was a critical element-to-.cause strongidN'eactions during speech process.

Now we have to consider other possibilities thiggered salient peak latency
and amplitude of the'N400 waveforms:  The statistsults from the comparison of tonal
and vowel violated conditions‘in the sonérant grdigbnot support the assumption that
the intrinsic longer duration of vowels and tonkarnt consonants was the determining
elements for participants to detect the violatiall wHowever, we don’t have to deny the
possibility of duration as an important cue in seprocess. The important concept we
may ignore is that the complexity and correlatiérm speech sounds and the clues that
people rely on to detect the unexpected or violabech sounds can be multiple. For
example, the sonority of tones and vowels are ggpthan consonants, and the stronger
sonority of tones and vowels in Mandarin could ls® @an important clue for people to
perceive the deviation. Moreover, people may ddtee mismatch in tonal and vowel

violated conditions by both the longer duration atbnger sonority. That is, the
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determining elements may not be only one, and risiécts the complex process of
speech integration.

Furthermore, we also found that although consihariolations did not
trigger salient N40O waveform compared with theat@nd vowel violations, there were
still some differences of N400 negativity amondeatiént classes of consonants. The
mismatch of aspirated stops triggered distincti&0MN waveform—the earlier peak
latency and stronger peak amplitude, and the m@mat fricatives also triggered
stronger peak amplitude (but 'not earlier peak” @aten We have to notice that the
violations of the consonants.in our study.wereltange the.place of articulation but not
to change the manner of articulation. And; wetbtirat the violations in the consonants
with aspiration were elicited salient N400" reactionThis finding revealed that
consonantal violations also triggered.salient Nd@0eforms if the consonant came with

aspiration.

6.2 The comparison and analysis among Mandarin and Cantonese

Comparing the studies of Cantonese (Schirmer e2Cl5) and our study, we
found a few distinctions between our study and @sntonese study on the word
condition design. First, in our study we compatbdee acoustic signals: tones,
consonants, and vowels while in the Cantonese stuelycompared information was
tones and vowels only. In the study of Cantonegsesonantal element was ignored and
the focus was on the core part of a syllable/wottie-nucleus which included vowel and

tonal elements. Furthermore, in Experiment 1 odPEesults indicated that listeners
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were most sensitive to the vowel information sd the N40O effect occurred earliest and
had most severe waves in the vowel violation caonlit The salient N40O reaction of the
vowel-violation-only phenomenon did not occur inpgrment 2. The results from
Experiment 2 showed that both tonal and vowel &fegere comparable on the N400
peak latency and amplitude. The inconsistent tesdilExperiment 1 and Experiment 2
indicated that the intrinsic characteristic of terend vowels in Mandarin played the
important roles for people to perceive meaningstaiged the subjects detect semantic
violations in speech.

In the study of Gottfried and Suiter (1997), bo#tive Mandarin speakers and
non-native Mandarin. speakers-(native speakers, glistnand the mean of Mandarin
learning experience was 2.75 years) had good medioce and high accuracy in the
center-only condition (with the initial and finalleble removed) and made lots of errors
in the initial-only condition (withr the ‘rhyme “paremoved) during the word level
identification of Mandarin vowels. and tones. .Th@mative speaker group even had
higher accuracy in the center-only condition thanthe intact condition. Our study
reconfirmed the significant role of vowels and tonet only on word identification level
(Gottfried and Suiter, 1997) but also in sentenoe@ssing.

Finally, our study is different from the Cantonesedy in the types of violated
conditions. The consonantal violated condition waskincluded in the Cantonese study
and it did not cause salient N400 negativity coragawrith the vowel and tonal violate
conditions in our study. However, we may lose itifermation from the consonantal

element if we ignore the effect of consonantal atioins. Previous studies (Kutas &
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Hillard, 1980) also indicated that N40O was a &ftan of the interruption of sentence
processing by semantic inappropriate words, andlsb responded the degree of
similarity or goodness of consonants in the inpuhe expected spoken words (Liu et al,
2006). The present study further indicated thttoaigh the consonantal cue played a
minor role during the speech recognition processpared with the tonal and vowel
elements, the aspiration feature may be an impodaes in speech. The consonantal
violations with the feature of aspiration triggemgukcifically earlier and stronger N400

waveform than the other types ‘'of consonantal vitmhast
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Chapter 7 Conclusion

7.1 Contributions

In our study, we focused on the issue of the effetiveen acoustical signal and
speech comprehension process through the ERP egdri The result revealed that
vowel and tonal violations triggered the most digtive difference among all violated
conditions on the reaction of N400 negativity. Atheé sensitivity of vowel detection
helped listeners make less error during speech mdrapsion. We also found the
convincing language-specified ‘evidence showingiibat-language users make stronger
use of supra-segmental information on.a lexicatll@van non-tone language users. And,
the nuclear part of a syllable -play ;an importank rduring the ongoing sentence
recognition process In tone language like Mandanic Cantonese.

Different from the Cantenese study (Schirmer et 24105), we not only
examined the effect of vowel and-tonal violatiom$éhe process of speech comprehension
but also discussed the effect of consonantal vasiat The results revealed that although
the consonantal elements played the minor rolendutie semantically comprehension
process the aspirated consonants also causedt $d¢dieéd waveforms.

Furthermore, our study tried to use an experimentathod to solve the
complicated linguistic questions. The studies abemguage comprehensions have been
discussed for many decades and the findings gbtén@ous studies contributed a lot to
help the following researches picture the whole cept of languages; however
researchers felt difficult in figuring out the retaship between performance of language

and brain processing. With the adventure of higbhmology, we can use the

53



sophisticated equipments to obtain more reliabte,dad in our study we discussed our
study questions by the help of ERP experiment aadsome findings.
7.2 Limitation and Further Study

From the present results, there are still unsotpezstions and limitations. For
example, we knew that segmental and tonal elemedfiscted the semantic
comprehensions when people listened to the senteitbhelast syllable deviations in
Cantonese study (Schirmer et al, 2005) and wedudlesigned the experiments in our
study to discuss the issue. But] there was ong ilie.may ignore in our study and in the
previous study that the.acoustic elements corgleddhe semantic perception may be
more complicated. Thatis, inthe Cantonese am@toies the study questions were on
the issue of segmental oritonal elements to'tlee®edf speech comprehensions; however,
the results from ourstudy showed that'the detangielements were probably across the
level of segmental or tonal classes.  For exantipteelements with stronger sonority and
aspiration triggered earlier;N400 negativity andyéa amplitudes when the violations
occurred in the sentence final positions.

If we do not restrict the elements on the segnient@nal elements, it helps us
to clear out the relation between auditory inforioratand speech comprehensions. For
the future study, the subcategory of vowels is iof a discussion and we may find
more clues from the follow-up studies. Besides, tileuro-biological signals can be a
great help for the language recognition researchesddition to the peak latency and
amplitude of the N400 negativity, the duration,gftency or the contour of the N400

negativity can be used to as a reference as Virellthermore, we extract N40O negativity
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as a reference of analyzing the linguistic issubénpresent study, but there are still other
neuro-signals which reflect the processing of augiand semantic information during

speech, such as N1m and LPC, to name just a fesunh, the present findings expressed
the interaction between acoustic cues and semameessing and indicated the sharing

model and language-specific model in ongoing speecbgnition process.
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Appendix 1 Materials in Experiment 1

Condition 1: Semantic Congruous Condition
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