CRESERE S R Lk Rt

National Chengchi University
Graduate Institute of Linguistics
Master Thesis

HES R L
Advisor : Jie-Li Tsai

WRABREMBFDIR IR B BER P ¥ S RF RS EH

REVISITING THE SUBORDINATE BIAS EFFECT OF LEXICAL AMBIGUITY
RESOLUTION: EVIDENCE FROM EYE MOVEMENTS IN READING CHINESE

Bia hier ¥

Student: I-Hsuan Lu
PEARE - R &£

July, 2012



REVISITING THE SUBORDINATE BIAS EFFECT OF LEXICAL AMBIGUITY

RESOLUTION: EVIDENCE FROM EYE MOVEMENTS IN READING

CHINESE

BY

I-Hsuan Lu

A Thesis Submitted to the
Graduate Institute of Linguistics
in Partial Fulfillment of the
Requirements for the Degree of

Master of Arts

July 2012



The members of the Committee approve the thesis of Lu-l Hsuan

Defended on July 11", 2012.

fete 22

Jie-Li Tsai (%4)3r)
Advisor

v J
Chia-Ying Lee (£ 4 %8)

Committee Member

N A

ow% Lin (#h365%)

Committee Member

(N
Approved: N

Kawai Chui (# £ £ ), Director, Graduate Institute of Linguistics




Copyright © 2012
I-Hsuan Lu

All Rights Reserved



Acknowledgements

feditlg e dck grierne
RAcH et > e ¥R HH D

ﬁﬁi#%*%%ﬁﬂ@ﬁ&ﬁ@,ab
AFAZ I AFEL T 3w ﬁﬁﬂvibuﬁ

paBUE MEIE CE B
g§¢%ﬁﬂﬂ%2%§%¥%ﬁwﬁ
ez g A RSP

B P B AP RS T S LB - SRR X
HRIZ B FRE N EF T B 0 KESEN 028 5 - BAE
BeApde > 20 H 0 Bl L AT S RA T RBAE T R
FEAPARILELA P ERFRPEE A FALNA BT O F R
S g 0 Y BAR LB E SRR E- BT

TRV AFIT - FREFLTFAN R RARLL P RF LIRS -
PR S U E - RRRNEER R B P RBRE T P At
RHFH 2 EFRETHT BIE EFI AT GE RAP S RRS B EF
ARy S 22 R Fanae Bl SHAP BERG Y G A HFE
s FRlRdR XFHEEA G FELICRFICRLA I RNTE B
BALG BB AT R BRI EFRL BSOS I SR EAY

FOUG ARG R R A R e B i o AR R B RE
NARDERFER BHE RFREOCEETF > B REM R
AL T LREETHSS N kA R W EE R Ko &8 e
FRFROPEFEAP > 0 EAEFRAL AP RALT 70 0 4 B
SR AT PR R B o AT T E D G IR R PR A8
oo 72 g L 562 7t A AR REE NG LR Y RY -
ISR Y

FRAED O ZFRRE Y v S BER ARG (T B2 & Ripdp
S AR RAEAEE > € F BRI AN A > HAL§ B enA
ARG LEFL B hGREEINA N ERR—FI 2 XFORFERF T

M o
(&
;‘1‘\
3.%
=



2k

ﬁﬁ%‘%ﬁ“ﬂﬁi%g%%m@%iﬁﬁ'oﬁiﬁ&&ﬁ%%ﬁ&
e gl A Amzfﬂ btiiiﬁvale’gﬂév a}‘%‘d & B Xt A AT
Jq

ShF o BRFEEF PR R e o B R AR ;B R AR (T HGE A ET
*

0 TER 3 Bl s R A & “iﬁmmm’abﬁ%éﬁiiﬁﬂﬁm’
e - B 15&%&%%%¢’*%éﬁ%ﬁéfwvliﬁ%%’
BR AT F AR P E A R RERR G NEFEAFHE > cL e
FFAPEM L o MBREIH Y T B RA | 3 R A
;4?]—‘55#0 N 2hid Tg%ﬁﬂv’,_‘ﬁ/ﬁ;}\lﬁ‘l&%’ﬁ;‘“ v @Em G5
jsm,c;%f{jjﬁ ‘E‘mﬁ:pi‘ s —»Jrrglr(_*; oy 2 ;,gf#l iy

E#EMRIab #r5 e i F1 5 5 s RenfP B A F 200 4w - A
PR B R TR R A F o MY PR YA R B 2 B Ap B o auE 2
E#MFRERLEERS  avfae il g ity o RMR B B2 LR
BANER R AEREY 4 BB EEASEDTREP LT B
FOCEEE IR F TR GRS TR TRE O BN P A STS AR Bt 4
SR PHE BSOS MBS 2 SR RIS o R F g R R
FEA R MR SRR T R JE A LR H A DT F ko
T s FE P SR A T o T b o AR ] R S dE b 4k TR
oo BRFE AP LATEI o REANPHR ko 2 BREAFFFRIBL 6 DL
&%ﬂ@%ﬁﬁ’&ﬂw%%gﬁﬁ@$ﬂ&%’%@ﬂ&%%iiﬁﬁwﬁ
B B A FEEP SRR RIDNEG 4 F R BRI R
a’ﬂﬂgiiﬁﬁﬂ%ﬁﬁ@ﬁo

E#HFZORFPEANALF O RHRE - FR B[ TR &
AZREPRE T &R FPRERD PR B 0 AR R AN
zhlrﬂ,ﬁ—z\i:ﬁ?'\,yi,@gﬁ.j—liﬁ_)‘é‘gﬁf%f;”%i\. r B fr;amﬁjl,
FupRdtidF e A e AR A T EiEEg Uwékﬁgﬁiﬁ’ﬁﬁﬁ!

Bofs o AERF DR > AN p gAY A MR iER S L BRI
PRGNS RA RGBT R EHEP SRS
ﬂ°@ﬁféﬁﬁ CEAEA BB B0 A b Pl F o - AL # T
2% s B |

s B T

)

i ’J:;ﬁbl’% };,Lii** o

¥



TABLE OF CONTENTS

ACKNOWIBAGEIMENTS ...ttt e sbeere e be s reeaesteeneenras iv
LIST OF TADIES ... iX
LISt OF FIQUIES....ee ettt s b e et e et e s beese e besreebesreaneeseas xi
ChINESE ADSEIACT ......c.iviteieti ettt bbbt Xiii
T T I o1 4= T USRS POP XV
Chapter 1L INTrOAUCTION. .........cueieieeeiciiee it 1
11 General DaCKGroUNG ........coveieiiiiti ittt 1
1.2 RESEAICH QUESTIONS. .....eueneeiirieeiesieieste ettt 6
Chapter 2 LItErature REVIBW ..........cccovviveeieeeieeceeeesisee st tess st en et s e 8
2.1 Issues of lexical ambiguity reSOIUtION......ccccovvveeerieieieriei e 8
2.1.1 Processing models of lexical ambiguity resolution............cccccceeeevveceenirennnne. 8
2.1.2 Empirical evidence for lexical ambiguity resolution .............ccccceveveverennnns 13
2.1.2.1 Eye-tracking paradigm and lexical ambiguity resolution....13

2.2 Subordinate Bias Effect (SBE) revisited..........ccvvvvverenieevienieeereseece e 16
221 Reordered versus selective access model ...........cccccevevveniineinciiniccinien, 17
2.2.2 The fate of unselected MeaNING ........cccveveveeveerieiere e 22
2.2.3 Visual World paradigm..........cccceecereeeereseeere e 23

2.3 Chinese lexical ambiguity resolUtion..........cccecevieeereceeiece e 27
2.3.1 The linguistic characteristics of Chinese Word ...........cceccevveveveveeienieeeene, 27
2.3.2 Studies of lexical ambiguity resolution in Chinese.........cccovveveverceniennenne. 29
Chapter 3 Norming Studies of Word Semantic and Contextual Constraint.......... 33
3.1 Norming study one: Interpretation Preference TasK........ccccveeeverveceeneneeennn. 33

vi



3.11

3.1.2

3.1.3

3.14

3.2

3.2.1

3.2.2

3.2.3

3.24

3.3

33.1

3.3.2

3.3.3

3.34

3.4

34.1

34.2

3.4.3

344

PArtICIPANTS ...ttt 34

L T PRSP TRSP 34
o (0 10=T0 1 ] £ R 34
RESUIES. ...ttt sttt et sneeaesreennens 35
Norming study two : Meaning Relatedness TaskK ........ccccceevveveveeveeceeneseennn. 36
PartiCIPANTS ....cveeveeiicieceeeee ettt st ettt na e beeaes 36
MAEETTAIS ...ttt 36
PIOCEAUIE ...ttt sttt sttt se b st neens 36
RESUIES. ...ttt sttt ettt sbe e 37
Norming study three : Cl0Ze TasK ........ccceveeeeeiieeiiereseeeece e 37
ParTICIPANTS ...ttt sttt sbe e 38
L T S SRS 38
o (0 10=T 0 1 £ S TP 38
RESUIES. ..ttt sttt et be e 39
Norming study four : Contextual Bias TasK .........cccccevervvevivrieerennereerieseenn, 40
o]0 ] £ TR 40
MAEEITAIS ...ttt sbe e 40
e o Tol T [0 £ TSRS 40
RESUIES. ...ttt sttt b e s b e 41

Chapter 4 Experiment One: The interaction between meaning dominance and linguistic

context........

41

411

412

413

4.14

4.2

............................................................................................................................. 43
MEENOD ...ttt 44
PartiCIPANTS ....oveeveeiicieeeeeeee ettt e ra e nes 44
Materials and deSIgN ......ccveveviieieieseeee e 44
AAPPAIALUS ..ttt ettt ettt et ste e s be e e s sttt e st e s ba e s nateesbaeenanes 46
PIOCRAUIE ..ottt sttt sbe e 47
Data @NAIYSIS .. .ccueeiereeeieeeeeee ettt 49

vii



4.3 RESUIES. ..ottt ettt e e e e et e e e e e e ee e e ereeeeesesasasaeeeeeeesesanaenes 52

431 Target WOrd FEQI0N. ....c..cveueeiireerieetertertetee ettt 52
4.3.2 Pre-target and poSt-target region...........coeeevverieirerenenesereieeeee e 53

44 DISCUSSTON ...ttt ettt enesne e nes 56
Chapter 5 Experiment Two: The time course of lexical ambiguity resolution................. 59
5.1 IMBENOM ...ttt 61
5.1.1 PartiCIPANTS ....oveeveeiicieceeteeeee ettt sttt e a e nes 61
5.1.2 Materials and AeSIGN ......ccuveeeviieieereeece et 61
5.1.3 NOIMING STUAIES ...cuviveeieeiecteeeete i ste ettt s r et et ebe s reeaesreeanens 65
5.1.3.1 Norming study one: Cloze TasK .......ccccevereeeiiniieese e 65
5.1.3.2 Norming study two: Plausibility Rating ..........ccccocevieriinenenenieieenenenenene 65
5.1.3.3 Norming study three: Semantic Relatedness Rating.........c.ccoccevvvvecerennnns 66
514 PIOCEAUIE ..ttt st sbe e 68

5.2 RESUIES. ..ottt 70
53 DUSCUSSION ..ttt b sttt 75
Chapter 6 GENEral DISCUSSION.........ccciiiiiieieees e s s esess e ste et se st rensnns 79
6.1 Dynamic processing of context influence and meaning dominance.............. 79
6.2 The competition account of subordinate bias effect ..........cccooveveveiveviennnnen. 82
6.3 Time course of activation of ‘unselected’ semantic representation............... 83
6.4 FULUIE TESEAICN......eeeeee s 86
RETEIEINCE ... ettt 89
F AN o] 01T 0 (=T SR 95

A. Examples of questionnaire in Norming study two: Meaning Relatedness Task

(EXPEIIMENT L) ...ttt bbb bbbttt ettt b b 95
B. Norming study four: Contextual Bias Task (EXperiment 1) ........ccccoevvriirenenennnnn 96
C. Experiment materials of EXPeriment 1.........cccoooeiiiiiniiiineieeeeeese e 97
D. Experiment materials of EXPeriment 2.........ccoooviiiiiiiie i 100

viii



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

List of Tables

Different types of models of lexical ambiguity resolution ..................... 12

The materials and results summarized from Duffy, Morris, and Rayner
(1988) ..uiiie it it e e e e e e e 1D

The comparison of results in Sereno et al. (1992) and Sereno et al.

400G T S PR 21
Chinese studies of lexical ambiguity resolution................................. 31
The norming data summarized from four norming studies..................... 42

Means of word frequency, strokes, and neighborhood size of first constituent
character for the target words on each condition and example of materials
used iN €ach CONAITION. .. ... ..uit it e e e e e e e 46

Means and standard errors (in parentheses) of fixation durations and
probability measures on three types of target words in Experiment 1......... 53

Means and standard errors (in parentheses) of fixation durations and
probability measures on three types of pre-target words in Experiment 1.....54



Table 9. Means and standard errors (in parentheses) of fixation durations and
probability measures on the post-target words in Experiment 1............... 55

Table 10. Means of word frequency, strokes, and neighborhood size of first
constituent character for the spoken target words in each experimental
condition and example of materials used in each condition.................. 64

Table 11. Results of the semantic relatedness norming for Experiment 2. Mean (with
standard deviations in parentheses) semantic relatedness between the target
words and each type of printed word..................coci 68

Table 12. Means and standard errors (in parentheses) of fixation proportions on three
types of visual words in two experimental conditions from 1 ms to 1300 ms

N EXPeriment 2.......oii i 73

Table 13. Analyses of variance by participant and item comparing mean fixation
proportions to competitors with those to the average of the distractors in
100-ms bins, from 501 ms to 1300 ms after acoustic target word onset in
homograph condition inexperiment 2..............cccoiiiiiiiiiiiieen 74

Table 14. The average fixation proportions to each type of words at acoustic target
offset and 200 ms after the target offset across three conditions in
EXPEIIMENT 2. .. e e 76



List of Figures

Figure 1. Experimental procedure and examples of a visual stimulus used in Mcqueen
and Viebahn (2007). The display contained words: tegel (the target), kegel

(the phonological competitor), water and botje (the unrelated
(011 [ (o1 (0] ) P 24

Figure 2. Mean proportion of fixations to printed-word targets, competitors, and

distractors. The competitor in this condition was mismatched with target in
I1S ONSEt PhONEME. ...ttt e e e e e e 2D

Figure 3. A diagram for the procedure of Experiment 1.........cc.ccoiiiiiiiinnennen. 49

Figure 4. Predictions of reordered and selective access models for semantic ambiguity
L2270 1114 o O o X

Figure. 5. Example of visual displays in Experiment 2: (a) in both the homograph and
monograph trials, and the spoken targets are /\F and J\F. (b) in filler
trials, and the SPOKEN target IS - ... v v evireeiiiee e e e e e e e e, 64

Figure 6. Experimental procedure of Experiment 2..............ccocveeviiii i vennen... .69

Figure 7. Fixation proportions to all types of printed words across two experimental
conditions and one target (filler) condition in experiment 2. The x-axis
shows time in milliseconds from the display onset, for 4000 ms............. 72

Xi



Figure 8. Time course of fixation proportions on different word types in two
experimental conditions from 1 mst0 1300 MS..........ccoovvevviiiiinnnnnnn,

Xii



B = & s x 7 F

o+
—‘T_
N
i)}
1!_
£
d
P
A

FI;Z u’L’r\:ﬂ.J s w = gp-.rmmr

WY LR ERAOTEF R AEEAR Y Y S RWOREE TR

B RENG I (H-P 212165 > A 6% 20§ 0 B4R RPN F)

W4 = P ER > wBFZZEFTMAP R &FET (lexical ambiguity
resolution) fr #2.3% 4 PF > S KX LB § KW ARE R F 2B en 3 0FF o F L7
THER R FE Liof e A5 8 %3 (unbalanced homograph) =t & 2% % p& »
PR ARRPORMRFTENED G Ak F A9 5 0¥ £33 (unambiguous
control) » ¢ % = & 3% & i+ »& (subordinate bias effect) o 1345 £ # 5 1§
4] (reordered-accessmodel)' T 2 F & Hw e K P LR F R TR T H D
A o EE PRI (selective access model) Bl G B § 2 E B AR M 0
BWGE o F 0 IR F RGP EEF LRI - BRI FREIFR -
Am2 B BREFHR - FH- AR 2 RO RETER B R RFE
B RS B fEFIHCA A W D iR e A SRenP R 0 MR AR &
MATE H2 - M2 ZHIERFP - B5HT o F Y DE RFE I RFPFUHES
R AP RFPE P IERF L (PRFE- BR)FFLTXRFR B -
TR v FRBEARLL PP BERIRFF LTI ALY R e D

TESNAREL A RF RGBT KA L RF R o f oS

Xiii



Sl fs P PR E 2 Y o A T > AP A

Py
©
o
o
[
—
3%
o
o

i

Y
>
poas)

A sk
A
>
A S

FHEOARFERREHRBF T ZEF R B
BB R 0 AL AR R

Xiv



Abstract

Research in psycholinguistics throughout the last two decades has focused on

the interaction between linguistic context and meaning dominance during lexical

ambiguity resolution. Many studies demonstrated the subordinate bias effect when

the preceding context biased for the subordinate meaning (i.e. infrequent meaning)

of an unbalanced homograph. According to the reordered access model, the SBE is

due to competition between the dominant and subordinate meanings. On the contrary,

the selective access model assumes only the context-relevant meaning is activated

and the SBE is a result of access to a low frequent meaning.

Two eye tracking experiments of sentence reading and sentence listening were

conducted. Experiment 1 examined the SBE of Chinese homographs to differentiate

the two accounts. We utilized low frequency homographs along with their matched

low and high-frequency unambiguous words. The results showed the SBE emerging

in fixation durations of the target region and post-target region (i.e. next two words

of the target), when unambiguous controls were matched to the word-form frequency

of ambiguous words.

XV



Experiment 2 used visual world paradigm to explore temporal dynamics of

dominant meaning activation responsible for the SBE in an instructional

eyetracking-during-listening task. Fixation probabilities on four disyllabic printed

words were analyzed during a time period after a target word was uttered in a spoken

sentence. The results supported the reordered access model. The subordinate

meaning was activated by contextual information at about 500 ms after the onset of

acoustic homograph at the time when context penetrated to make its favored

meaning available. Soon after the offset of homograph, the dominant meaning

became active. Both meanings associated with the homograph were activated during

the time windows of 901 ms to 1300 ms, which approximately corresponding to the

acoustic onset of post target. In sum, our studies demonstrate that the dominant

meaning is activated even when the contextual information biases to the subordinate

meaning of a homograph. The subordinate bias effect is the result of competition

from two meanings, conforming to the reordered access model.

XVi



Chapter 1

Introduction

“If I accomplish nothing else in this story, | hope | will persuade you that human
language is so vague and ambiguous that only a very clever brain could possibly
understand it.” (Miller 2001)

1.1  General background

Based on the theoretical linguistics, homonym and polysemy are two main types

of ambiguous words (Cruse, 1986; Lyons, 1977). Homonym is the word which

contains two or more etymologically and semantically unrelated meanings sharing the

same orthographic form and phonology. For example, the word ring can refer to

either “jewelry” or “sounds”. On the contrary, polysemy is the word that contains two

or more etymologically and semantically related senses. For example, the word lamb

can refer to either “an animal” or “meat”. Both homonym and polysemy have been

studied in much psycholinguistic research and they have been demonstrated to be

psychologically distinct based on empirical evidence. (Beretta, Fiorentino, & Poeppel,

2005; Frazier & Rayner, 1990; Rodd, Gaskell, & Marslen-Wilson, 2002). In the

present study, we mainly focus on the one type of homonym which specifies words

that have the same orthographic form and sound but differ in meaning. They are

known as homophonic homographs.



Reading comprehension involves the processes from the building blocks of word

meanings to the integrated semantic representation. Closely related to the nature of

mental lexicon, generally, a word-form carries single phonological and semantic

information. However, there is a group of words with mapping single word form to

two or more meanings. The ambiguous words provide unique opportunities to

examine how different meanings are activated and interacting with the contextual

information. It is uncontroversial that context can facilitate meaning access in reading

(Rayner, 1998). However, the temporal locus of contextual influence in lexical

ambiguity resolution remains unresolved. Thus, the research casting questions of

lexical ambiguity resolution serve as crucial evidence to understand the nature of the

language-processing system. The modular and the interactive access hypothesis have

been tested on the concept of exhaustive access, tying to the notion of whether this

access process was impervious to contextual influences.

The proponents of modular access hypothesis (Fodor, 1983) maintains that the

contextual information does not influence lexical access at the early stage. A number

of early studies have provided evidence that all meanings of an ambiguous word

would be activated in initial lexical access, and context affects the post-lexical

integration stage (Onifer & Swinney, 1981; Swinney, 1979; Tanenhaus, Leiman, &

Seidenberg, 1979). Thus, based on this result, multiple or exhaustive access model



(Onifer & Swinney, 1981; Swinney, 1979; Tanenhaus et al., 1979) was proposed. It

views that all meanings of an ambiguous word are accessed autonomously and the

contextual information can select an appropriate meaning at post-lexical stage. In

contrast, the interactive access hypothesis (Marslen-Wilson & Tyler, 1980;

McClelland & Elman, 1986) assumed that the information in lexical module can

interact with discourse at the early stage. Thus, selective access model (G.B. Simpson,

1981; Tabossi, Colombo, & Job, 1987; Tabossi & Zardon, 1993) suggested that

contextual information plays a very pronounced role in lexical access, and as a result,

only contextually appropriate meaning of ambiguous words is accessed. In sum, these

opposing findings have led to a question on the timing of contextual information

could possibly influence lexical access.

However, the relative frequency of the various meanings is also important to

determine the timing of lexical access. In the present study, we utilize the term

meaning dominance to indicate the extent to which one meaning is more likely to

occur than another. Meaning dominance effects observed in cross-modal priming

studies show that two meanings of a balanced ambiguous word are activated

approximately at the same time. However, the dominant meaning of an unbalanced

ambiguous word becomes available prior to the subordinate meaning, suggesting

that access is frequency ordered. Eye movement studies have also shown the evidence



of contextual and meaning dominance effects. For example, when the preceding

context supported the subordinate (infrequent) meaning, fixation durations were

longer on biased homographs (i.e. one meaning is much more frequent than the other)

as compared with its unambiguous control words which were matched in word-form

frequency (Duffy, Morris, & Rayner, 1988). This has been termed as the subordinate

bias effect (SBE; Pacht & Rayner, 1993; Rayner, Pacht, & Duffy, 1994). Two

hybrid models based on the interactive view manifested in eye-movement evidence

were proposed to account for rapid activation of multiple meanings and early

influence of the sentential context. The reordered access model embraces the account

that the existence of SBE is two meanings of an ambiguous word compete for

selection at the same time, and thus, it takes longer times to process. The results seem

to indicate that the dominant meaning of an ambiguous word has been activated even

when the context supports its subordinate meaning. However, alternative explanations

of the SBE have been proposed by proponents of selective access model, which

assumes only the contextually-appropriate meaning was activated given sufficiently

constraining context. Sereno, Pacht, & Rayner (1992) and Sereno, O'Donnell, &

Rayner (2006) examined the SBE from this perspective and argued that the SBE may

be the consequence of taking the subordinate meaning of homographs as a low

frequency word, rather than the competition of the dominate meaning to the



subordinate meaning. Therefore, there are two possible accounts, competition or low

frequency account for the established subordinate bias effect.

The research of lexical ambiguity resolution in Chinese is relatively few and

most of which have utilized a cross-modal priming paradigm to differentiate between

modular and interactive hypothesis (Ahrens, 2001; Ahrens, Chang, Chen, & Huang,

1998; Li, Shu, Yip, Zhang, & Tang, 2002; Li & Yip, 1996, 1998). Chinese is

considered to be a context-prominent language because of two linguistic properties,

that is, the flexibility to omit the pronoun (i.e. Pro-drop) and topic-prominent, both of

which require the contextual information to comprehend a sentence. Therefore,

Ahrens et al. (1998) proposed language-driven hypothesis and maintained that

language like Chinese relies more heavily on contextual information for semantic and

propositional interpretation than Indo-European languages. Ahrens (2001)

incorporated Chinese ambiguous word such as “%7 2 ”, which either means

“memorize” or “endorsement” in the preceding subordinate-biased contexts and

conducted a cross-modal lexical decision task. The evidence demonstrated that both

meanings were accessed at the onset of ambiguous words even when the context was

biased toward the subordinate meaning. Therefore, the author contended that the data

supported modular access hypothesis, which implied the contextual influence at the

post-lexical stage. Nevertheless, Li et al. (2002) used cross-modal paradigm to



explore the processing of biased homophones in Chinese. The results indicated that

both frequency and context were critical at an early time. Thus, it was compatible

with interactive access hypothesis. In sum, it is uncontroversial that the context plays

an important role in arriving at the appropriate meaning; however, whether contextual

effect is acting early or late in the time course of ambiguity resolution remains unclear

in Chinese.

1.2 Research questions

The present study conducts two eye movement experiments to reveal the

continuous and incremental processing of semantic ambiguity resolution. Experiment

1 manipulates three types of Chinese two-character words in sentence reading task:

low frequent biased homographs (A), low frequent unambiguous word (LF), and high

frequent unambiguous word (HF) and these words are all embedded in sentential

contexts. More specifically, the biased homographs are incorporated in the

subordinate-biased context. Experiment 2 uses visual world paradigm to probe the

time course of lexical ambiguity resolution in an instructional

eyetracking-during-listening task. The spoken sentences are similar to those in



Experiment 1 and the visual stimuli are four disyllabic printed words containing

dominant and subordinate semantic associates and two other unrelated distractors.

Specific research questions to be addressed are as follows:

(1) Does the subordinate bias effect exist in lexical ambiguity resolution of reading

Chinese homographs? And if the SBE was established, when does the contextual

influence occur in Chinese lexical ambiguity resolution (early or late)?

(2) We attempt to differentiate between the reordered and selective access model in

lexical ambiguity resolution. The reordered access model proposes the competition

account of the SBE; however, the selective access model posits that the SBE is in

essence a word frequency effect. Which account (i.e. competition or frequency

account) could be supported from the present data?

(3) What is the fate of the unselected meaning? The reordered access model assumes

that the activations of the unselected meaning passively decay. In contrast, the

selective access model assumes that the unselected meaning was not accessed at all.



Chapter 2

Literature Review

2.1 Issues of lexical ambiguity resolution

Modular and interactive access hypotheses made different assumptions about the

timing of contextual influence. Over the past few decades, researchers have used

various approaches to investigate lexical ambiguity resolution. For example,

cross-modal priming and eye-tracking methods have provided a substantial body of

empirical evidence on theoretical accounts of how ambiguous words are processed. In

particular, the subordinate bias effect has been found in eye movement studies when

the preceding context supported the infrequent meaning of biased homographs. The

existence of the SBE suggests that both linguistic context and relative frequency of

the alternative meanings play an important role in lexical ambiguity resolution.

2.1.1  Processing models of lexical ambiguity resolution

A central issue in psycholinguistics is whether the successful and rapid meaning

access is modular or interactive processing in nature. Although all models of lexical

ambiguity resolution agree that context allows readers to determine the relevant



meaning of a homograph, the perspectives on the time locus of contextual influence

are diverse. Modular access hypothesis (Fodor, 1983) proposed the autonomous

bottom-up processing in which lower levels of information (lexical module) were not

directly influenced by the higher levels of information (discourse module). That is, the

contextual information does not penetrate lexical access at the early stage. A

contrasting hypothesis, interactive access hypothesis (Marslen-Wilson & Tyler, 1980;

McClelland & Elman, 1986) contended that the simultaneous bottom-up and

top-down processing was operated interactively. Higher and lower levels of

information can interact with each other at the early stage; therefore, contextual

information can influence the activation of lexical meaning in early time. Models

associated with the modular and interactive view were generated with their empirical

evidence. Under the modular view, multiple and order access models were formed.

According to the interactive view, reordered and selective access models were

proposed. Four models of lexical ambiguity resolution are reviewed in the subsequent

part in the order of considering the role of context and then meaning dominance in

lexical ambiguity resolution.

First of all, according to multiple or exhaustive access model (Onifer & Swinney,

1981; Swinney, 1979; Tanenhaus et al., 1979), all of the meanings of an ambiguous

word were accessed temporarily and the contextual information can only help to
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select an appropriate meaning at post-lexical stage. The most compelling evidence of

exhaustive access came from cross-modal priming studies. Participants were

instructed to respond to the visual probes either by making a lexical decision or

naming it after hearing the spoken sentences containing an ambiguous word. There

were a related probe for each meaning and an unrelated probe. Participants saw one of

the three possible probes. The reaction time of semantically related target to either

meaning of ambiguous words was compared with that of semantically unrelated

controls. For example, Onifer and Swinney (1981) presented sentences either biased

for the dominant or for the subordinate meaning of an ambiguous word. Participants

made lexical decision for the visual probe which may occur immediate at the auditory

offset of the ambiguous words or 1.5 seconds delay. In the immediate condition,

participants responded faster to either of the meaning-related probes than to an

unrelated probe, thus, facilitation occurred for both dominant and subordinate

meaning irrespective of context. In the delayed condition, facilitation was limited to

one contextual-relevant probe as the time was lengthened between the occurrence of

the ambiguous words and the probe. This implies that context only operates at

post-lexical stage to select a single meaning after all meanings have been initially

accessed. However, some researchers noted that the lexical decision or naming task is

sensitive to backward priming or susceptible to guessing strategies, respectively, and
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thus the results may reflect post-lexical integration instead of lexical access

(Balota & Chumbley, 1984).

The selective access model (G.B. Simpson, 1981; Tabossi et al., 1987; Tabossi &

Zardon, 1993) was developed to capture the results in the cross-modal priming studies.

When the appropriate context conditions were given, participants were faster to

respond to a probe related to the contextually-appropriate meaning of an ambiguous

word than to a probe related to contextually-inappropriate meaning. This is consistent

with the notion that the access may be limited to the information derived from the

context. To summarize, the discrepancy between multiple and selective access models

lies in the locus (early versus late) of contextual information affecting meaning

activation of ambiguous words. However, neither of them considered the meaning

dominance of ambiguous words, which is an important factor in lexical ambiguity

resolution.

Two competing models were proposed with the consideration for meaning

dominance. The ordered access model is proposed by Hogaboam and Perfetti (1975)

and G.B. Simpson and Burgess (1985). They maintained that, like the exhaustive

model, the preceding context cannot influence on lexical access until the post-lexical

stage of selecting appropriate meaning. However, the meaning was not parallel

activated but the order of the activation was determined by the relative frequencies of
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alternative meanings of the ambiguous words, with the most frequent meaning being

retrieved first (e.g., Hogaboam & Perfetti, 1975; Onifer & Swinney, 1981;

Schvaneveldt & Meyer, 1976; G.B. Simpson & Krueger, 1991). On the contrary,

Duffy et al. (1988) proposed the reordered access model to account for their

eye-movement results. The lexical access was exhaustive but the meaning activation

was determined by both preceding contextual information and meaning dominance.

Generally, the most frequent meaning was activated but the contextual information

can also boost the activation of context-appropriate meaning of an ambiguous word at

the early stage. This led to the competition between multiple meanings when they

were both available for the readers. To summarize, four models of lexical ambiguity

resolution are classified with respect to considering the role of context and meaning

dominance, and they are presented in Table 1.

Table 1. Different types of models of lexical ambiguity resolution

Variables ) ) _ ]
Meaning dominance is | Time of contextual
considered influence
Hypothesis Models
Modular Multiple access No Late
hypothesis Ordered access Yes
Interactive Selective access No Early
hypothesis Reordered access Yes
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2.1.2  Empirical evidence for lexical ambiguity resolution

2.1.2.1 Eye-tracking paradigm and lexical ambiguity resolution

Readers move their eyes through lines in order to acquire information. Readers

recognize words, access meaning and in the end integrate all the information in the

course of understanding a text. In eye-tracking experiment, reader’s eye movements

were monitored and recorded when the eyes proceed with a series of jumps (saccades)

and stops (fixations). When readers recognize words and further integrate the obtained

meanings into the constructed context for comprehension, the characteristics of words

affect two types of decisions, where and when to move the eyes (Tsai & McConkie,

2003).There are some advantages of the eye-tracking paradigm comparing to

cross-modal paradigm. First, the whole experiment is under the natural circumstance

of reading sentences or texts. Second, unlike cross-modal paradigm, it is more

sensitive to the on-line linguistic processing with readers’ eye fixation duration and

fixation probability being measured.

A large number of eye movement studies have investigated lexical ambiguity

resolution (K. S. Binder, 2003; Dopkins, Morris, & Rayner, 1992; Duffy et al., 1988;

Kambe, Rayner, & Duffy, 2001; Pacht & Rayner, 1993; Rayner, Cook, Juhasz, &

Frazier, 2006; Rayner & Duffy, 1986; Rayner et al., 1994; S. C. Sereno, 1995; S. C.
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Sereno et al., 2006; S. C. Sereno, J. M. Pacht, & K Rayner, 1992; Sheridan, Reingold,
& Daneman, 2009; Wiley & Rayner, 2000) Most of the studies focus on two variables:
(1) the meaning dominance’, and (2) the instantiated meaning of supporting context.
Meaning dominance concerns the relative frequency of alternative meaning of
ambiguous words, thus, two types of homographs were differentiated. Balanced
homographs have two fairly equally frequent meaning, and the biased homographs
have one highly frequent meaning (dominant meaning) and one or more less frequent
meanings (subordinate meaning). For example, a balanced homograph such as case,
with one meaning related to legal proceeding, the other related to containers and both
of which are equally common in the language. In contrast, a biased homograph, like
port, the dominant meaning “harbor” is more prevalent in the language than its
subordinate meaning, “a type of wine”.

Duffy et al. (1988) embedded the biased and balanced homographs in
disambiguating information which either preceded or followed the two types of
homographs, thus creating four conditions. Each type of homograph had an
unambiguous control word matched with same word frequency and length. In general,
when preceding contexts instantiated the subordinate meaning of biased homographs,

reading times were longer on biased homographs compared with those of balanced

! Meaning dominance could be operationally defined as the probability that a particular meaning

associated with the homograph itself is given as the first response in word-association norming tasks.
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homographs or control words. On the contrary, in the neutral contexts, readers fixate

longer on balanced homographs than on biased homographs or unambiguous control

words. The example sentences and findings are summarized in Table 2.

Table 2. The materials and results summarized from Duffy, Morris, and Rayner

(1988)

Meaning Dominance

Preceding Context

Balanced / control

Biased / control

Prior context

(Subordinate biasing)

Because they heard it from so far
away, the bark/howl was
difficult to identify.

When she finally served it to her
guests, the port/soup was a great

Ssuccess.

Pattern of fixation
times(GD)

Balanced = control

Biased > control

Prior context

(neutral)

Unfortunately the bark/howl! was
difficult to identify, because they

heard it from so far.

Last night the port/soup was a
great success, when she finally

served it to her guests.

Pattern of fixation
times(GD)

Balanced > control

Biased = control

Note: the ambiguous targets were presented in bold.

The results demonstrated that processing difficulty resulted from certain

combination of contextual information and meaning dominance, such as, when the

preceding context biased for the subordinate meaning, gaze duration was longer on

biased homographs than on its unambiguous control words. The SBE reveals that

longer processing time is needed when the preceding contexts support infrequent
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meaning of the biased homographs (e.g. with the infrequent meaning generated less
than 8% of the time). However, the SBE is not consistently observed under certain
conditions®. For example, Wiley and Rayner (2000) found no SBE when the
ambiguous words were not strongly biased for frequent meaning (e.g. with the
probabilities of infrequent meaning generated between 8% and 30% of the time) and
the titles of the context passages were given to disambiguate the vague passage. It
seems that SBE is consistently established only when the subordinate meaning is very
infrequent but not moderately infrequent (see discussion in Duffy, Kambe, & Rayner,

2001, p. 36).

2.2 Subordinate Bias Effect (SBE) revisited
The existence of SBE implied that the language processing was likely to be
interactive since the prior context influenced ambiguous word processing in an early

time. Two models based on interactive hypothesis were thus proposed. The reordered

’ In a number of experiments, Kellas and colleagues (Martin, Vu, Kellas, & Metcalf, 1999; Hoang Vu,
Kellas, Metcalf, & Herman, 2000; H. Vu, Kellas, & Paul, 1998) have reported effective elimination of
SBE through strong contextual manipulations. On the contrary, numerous others failed to eliminate the
SBE from eye movement monitoring of skilled readers by manipulating characteristics of context, such
as, contextual constraint, topic and conceptual repetition (Dopkins et al., 1992; Kambe et al., 2001,
Morris & Binder, 2002; Rayner et al., 1994).



17

access model assumed that both meaning frequency and prior contextual information

can influence ambiguous word processing, on the contrary, selective access model

proposed that prior context determined and selected the appropriate meaning

immediately regardless of the meaning dominance. Therefore, the reordered and

selective access models accounted for the established SBE by proposing competition

and frequency account respectively. The former assumed that the dominant meaning

was activated, while, the latter was not. Sereno,et al. (1992) and Sereno,et al. (2006)

have tested these two accounts. They argued that the appropriate control words should

correspond to the frequency of component meaning since the overall word-form

frequency was much higher than the subordinate meaning frequency. If only the

context-appropriate meaning was activated, it was comparably fair to compare the

fixation times between the homograph and its meaning frequency matched controls.

In the following subsections, we focus on the two accounts for SBE based on the

reordered access and selective access model and their explanations of the fate of the

dominant meaning.

2.2.1 Reordered versus selective access model

Duffy et al. (1988) proposed the reordered access model for lexical ambiguity

resolution. The model makes four basic assumptions: first, lexical access is exhaustive
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and all possible meanings are accessed when the word form is activated. Second,

meaning dominance determines the relative activation of multiple meanings. Third,

lexical access is an interactive process, in which the preceding context participates in

the initial access of word meaning and increase the contextually-appropriate

interpretation of an ambiguous word. Fourth, the activation level of the

contextually-inappropriate meaning is unaffected. The SBE has served as a test

ground for investigating the assumption that access is exhaustive. The most accepted

account of SBE is proposed by reordered access model which maintains that the

dominant meaning is activated due to its relative frequent meaning and the

subordinate meaning is boosted by context. Both meanings compete for selection,

thus resulting in the longer gazes on ambiguous words. The competition was

apparently manifested in eye movement behaviors. Reading was disrupted with longer

fixation durations and ambiguous words received more regressions when they

followed subordinate-instantiated context (Duffy et al., 2001; Kambe et al., 2001).

Duffy et al. (2001) pointed out that although context supported the less likely meaning,

the dominant meaning was not eliminated in the process. Rayner et al. (2006)

suggested that the subordinate bias effect resulted from the automatic processing of

the dominant meaning. Contextual information does not override the access of

dominant meaning.
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According to the selective access model, the SBE was a word frequency effect.

In other words, a single meaning was activated without retrieving the other meanings

associated with that form. It takes longer processing time to access to the infrequent

meaning (Kellas & Vu, 1999; S. C. Sereno et al., 1992; G. B. Simpson & Kreuger,

1991). Sereno, et al. (1992) used two control conditions to examine the selective

account of SBE as only the frequency effect instead of the meaning dominance which

should determine processing time. One control was matched to the form frequency of

an ambiguous word, namely HF control. Another LF control word was matched with

the frequency of subordinate interpretation, which was estimated as the proportion of

form frequency. That is, an interpretation with a meaning bias of .15 was estimated to

have a meaning frequency that was 15% of the form frequency of ambiguous words.

They obtained the typical SBE when the form frequency control was used to compare

with biased homographs. Additionally, they reported longer fixations in post-target

(fixation time on the next two words of target), which indicated that ambiguity

continued to next region. On the contrary, when the meaning frequency control was

the comparison condition, they found SBE in total viewing time and post-target

duration but not in target GD. Sereno, et al. (2006) used similar control words to

investigate the SBE. They hypothesized that the use of stronger contexts would

decrease the SBE related to the word-form (HF) controls and eliminate the SBE
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related to the word-meaning (LF) controls, as in Sereno, et al.(1992). They reported

the SBE with respect to HF words in target measures, but not in spillover measures. In

contrast, reverse SBE was found with respect to LF words in target measures, namely

shorter fixation times for biased homographs compared with that for LF words. They

claimed that the biased homograph represented a special case in which the word form

was a high-frequency word, but the context it occurred intended a low-frequency

meaning. Therefore, an ambiguous word’s fixation-time can be determined by the

contribution of its form and meaning during lexical access process. In terms of word

form, the homograph should be processed no faster than an HF control but faster than

an LF control (e.g., gaze durations: LF>A=HF). In terms of word meaning, the

homograph should be processed much slower than an HF control but no slower than

an LF control (e.g., gaze durations: LF=A>>HF). This finding indicated that only the

subordinate meaning of the homograph was accessed. The comparison of results in

Sereno,et al.(1992) and Sereno,et al. (2006) are summarized in Table 3.

To summarize, the studies of Sereno et al. (1992) and Sereno et al. (2006)

addressed important claims regarding whether the SBE is due to the different

manipulations of the control words. This raised the concern that the SBE, instead of

reflecting the competition between two meanings, but the increased time may result

from effort to access and integrate a lower frequency word. This provided another
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theoretical explanation of the subordinate bias effect without retaining the activation

of the dominant meaning (see also in Reichle et al. (2007)).

Table 3. The comparison of results in Sereno et al. (1992) and Sereno et al. (2006).

. Results
Literature Type of control words (D) Observed effects
1.form-matched, HF controls 1. A>HF SBE
Sereno et al. ]
2.meaninng-matched, LF 2. A=LF o
(1992)
controls
Exp1l:
A>HF SBE
form-matched, HF controls
Exp2:
Sereno et al. . A<LF Reverse SBE
meaning-matched, LF controls
(2006)
Exp3: SBE
Ambiguous word, HF, LF LF> A> HF Reverse SBE

Frequency effect

Note: A = ambiguous word; HF = form-frequency unambiguous control word; LF =
meaning-frequency unambiguous control word.

Although the finding of Sereno et al. (1992) suggested that readers’ access to the

subordinate meaning of the homograph in essence was like a low-frequency word, the

empirical data showed effects of meaning dominance beyond that observed in the

low-frequency unambiguous behavior. Sereno et al. (2003) and Morris (2006)

contended that the SBE was found in the post-target region (in both conditions) and

total viewing time provided evidence of additional processing load, which was
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different from the situation of only low-frequency meaning activation, suggesting that

other factor, such as, the activation of the dominant meaning could be the result of the

SBE. In addition, the reason of the reverse SBE (A < LF) found in Sereno et al. (2006)

remained unclear. But, it was likely that the reverse SBE was influenced by word

frequency effect because the form frequency of ambiguous words is higher than that

of LF unambiguous words.

2.2.2  The fate of unselected meaning

A substantial body of research has been done to account for the subordinate bias

effect. However, there is no general consensus on whether the dominant meaning is

activated or not, which plays a key role to resolve the dispute in two possible accounts

of the SBE. Reordered and selective access models have dealt with the change in the

state of the unselected meanings differently. According to the reordered access model,

the activations of unselected meanings are both unaffected by the context and

passively decay since multiple meanings associated with a single form are activated

independently. (Rayner, Binder, & Duffy, 1999). Thus, in subordinate-biased context,

the subordinate meaning was facilitated, while the dominant meaning was unaffected

by contextual influence. On the other hand, based on the selective access model,

subordinate-biased context would serve to facilitate activation of the subordinate
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meaning without accessing the dominant meaning. To observe the dynamic changes

of meaning activation, an on-line task with visual world paradigm can provide the

temporal information during the comprehension of the auditory sentential contexts.

2.2.3  Visual world paradigm

Recently, eye tracking has been used in a visual world paradigm, which allows

continuous sampling of visual fixations and provided specific time course of spoken

word recognition. The most important assumption of the visual world paradigm

involves the nature of the linking hypothesis, which specifies the connection between

language comprehension and visual processing. The processing of different levels of

linguistic representations (i.e. phonological and semantic representation) has been

examined with a looking-during-listening task in the visual-world paradigm. A visual

display consisted of four objects or printed words, typically containing a target, a

competitor (i.e. linguistically-related to the target word) and two unrelated distractors.

As participants listened to continuous speech, the visual display was shown on the

screen. Participants were instructed to click on a named object or a named word. The

experimental procedure and the visual displays from Mcqueen and Viebahn (2007)

are shown in Figure 1. Figure 2 presents the time-course graph that illustrated the

fixation proportions. The y-axis represents the fixation proportion of each word types
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in a given time window. And the x-axis showed time in milliseconds from the
acoustic target-word onset, for 1 second period. The result showed that there were

more looks to phonological competitors than to distractors starting in 600-700.

(Click on the word)
Klik op het woord tegel

Oms | }
100 ms 2800 ms

|

tegel botge
+* o+
water kegel

Figure 1. Experimental procedure and examples of a visual stimulus used in Mcqueen
and Viebahn (2007). The display contained words: tegel (the target), kegel (the
phonological competitor), water and botje (the unrelated distractors).
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Figure 2. Mean proportion of fixations to printed-word targets, competitors, and
distractors. The competitor in this condition was mismatched with target in its onset
phoneme.

Dahan, Magnuson, and Tanenhaus (2001) presented a referent picture of either

low-frequency or high-frequency name (e.g., bed or bell) along with three

phonologically unrelated pictures on a computer monitor. The instruction contained

two parts. First, participants were instructed to point to one of the distractor pictures

using computer mouse (e.g., “Point to the sock”) and after a delay of 300 ms, they

heard one of the referent names (bed or bell) and were asked to point to the target

picture (e.g., “now the bed”).Then, they were asked to move it to the designated place

(e.g., “Click on it and put it above the circle”). The results showed that at 400 ms after

the target onset, fixation proportions to referent pictures with high-frequency names

(e.g., bed) surpassed those to the low-frequency names (e.g., bell), indicating that

word frequency effects on spoken word recognition emerged early and gradually.

Falk Huettig and McQueen (2007) examined the time course of retrieval of

linguistic and perceptual knowledge by using both picture and printed words.

Participants were told that as they listened to the sentences, they could look freely at

the visual stimuli presented on the display, which contained phonological, semantic,

and shape competitors. When the visual display was picture, fixation to phonological

competitor preceded those to semantic, and shape competitors. Nevertheless, only
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phonological competitors were fixated preferentially as displays contained the printed

words. It indicates that pictures are more sensitive to semantic activation than printed

words. However, F. Huettig and McQueen (2011) showed that participants did

retrieve semantic information quickly in the mapping process and shifted overt

attention to semantic competitors when there was no phonologically-matched printed

word in the visual display. Therefore, they concluded that language-mediated

eye-movement was determined partly by the nature of information in the visual

display.

The issues of lexical ambiguity resolution have been conducted with visual

world paradigm to explore the time course of semantic ambiguity resolution (L. Chen

& Boland, 2008; F. Huettig & Altmann, 2004, 2007). In most of the studies,

participants  were ~ presented an array of pictures containing one

dominant-meaning-related picture, one subordinate-meaning-related picture, and two

unrelated pictures as controls. The dependent variable was the fixation probability on

a given picture. For example, F. Huettig and Altmann (2007) manipulated the context

(neutral or subordinate-biased) preceding the ambiguous words (e.g., in

subordinate-biased context: “First, the welder locked up carefully, but then he

checked the pen and suspected that it was damaged.”). Participants viewed a visual

array with four pictures of objects: the dominant referent (e.g., a writing pen), the
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subordinate referent (e.g., an animal enclosure), and two unrelated distractors. The

visual display was presented 1 second before the onset of the spoken sentence. The

results showed that at the onset of the target word, there was a statistical difference in

looks toward subordinate referent compared those toward the distracters. While, at the

offset of the target word, there were more looks toward dominant referents relative to

the unrelated distracters in the biasing condition. The effect of context was thus

established when the subordinate pictures attracted more looks than the distractors.

The results also implied that dominant referent eventually increased even the

sentential context biased the subordinate meaning.

2.3 Chinese lexical ambiguity resolution

2.3.1  The linguistic characteristics of Chinese word

From the perspective of cross-linguistics, Chinese differs significantly from most

Indo-European languages in its phonological, lexical, and syntactic structures. In

particular, the unique property of Chinese lexicons provides key information for

lexical and sentence processing. There are three types of homonymy, homophonic

homographs (e.g. bank in English; 74477 in Chinese), heterophonic homographs (e.g.
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tear in English; /Z/Z¢ in Chinese), and homophones (e.g. Beach-Beech in English;

&) /%= in Chinese). By definition, homophonic homographs are words with the

same form and sound but differ in meanings. Heterophonic homographs are words

with the same form but have different sounds (tone) and meanings. Homophones are

words that sound the same while differ in forms and meanings. In Chinese,

homophones (both monosyllabic and disyllabic ones) are the most frequent type.

From the Modern Chinese Dictionary (Institute of Linguistics, 1985), 80 percent of

the monosyllables in Chinese correspond to more than one meaning, and 55 percent

correspond to five or more homophones(see Zhang, Wu, & Yip, 2006 for a review).

The ambiguity resolution of homophones may differ from the homophonic

homographs at the several level of linguistic processing. From the perspective of

spoken word recognition, multiple meanings of homophones tend to be ambiguous at

phonological level and require orthographic information to settle on form-meaning

mapping. On the contrary, in the visual word recognition, homophonic homographs

are ambiguous at the semantic level which depends heavily on the contextual

information to resolve the ambiguity. Hue, Chen, Chang, and Sung (1996) reported

that the proportion of homographs in Chinese was about 11%. They also found that

most homographs contained one basic compositional meaning, and extended the other

[1m=

idiomatic meaning. Both meanings were essentially unrelated, such as “&=4f" which
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the compositional meaning was a kind of bull, while its idiomatic meaning was a

person who scalps. The present study focused on Chinese homophonic homographs.

2.3.2  Studies of lexical ambiguity resolution in Chinese

Both homophones and homographs have been investigated by studies using

cross-modal priming. Li et al. (2002) investigated Chinese biased homophones

following by two different contexts which were biased for either dominant or

subordinate meaning. They found only the dominant meaning of homophone elicited

priming effects when the dominant-related visual probe occurred 150 ms before the

acoustic offset, but both meanings elicited priming effects when the visual probe

occurred at the acoustic offset. The findings is compatible with the reordered access

model, indicating that dominant meaning is activated early, and context takes

precedence over frequency at the later stage. Moreover, Ahrens (2001) embedded

balanced ambiguous verbs in subordinate biased contexts and the data showed that

there was a significant priming for the primary- and secondary-related probes

compared to their respective controls at the acoustic onset of ambiguous words. And

both experimental groups were facilitated (reaction times: related probes < control

probes). The author concluded that both meanings are activated even when the

context biased for secondary meaning. Therefore, it supported modular access
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hypothesis. However, the relative meaning dominance was not supposed to have any
effect since the balanced ambiguous words were used. One possibility is that the
experimental materials intermixed homonymy with polysemy. The related senses
contributed to the facilitation of the contextually inappropriate meaning. Chen (2009)
discriminated the biased monosyllabic homonymy and polysemy and incorporated
both in the context that biased for the dominant meaning. The results indicated that
only the dominant meaning of a homonymous word was activated, instead, both
meanings of a polysemous word were activated. The author argued that the processing
of homonymy was compatible with selective access model; in contrast, the processing
of polysemy was compatible with modular access model. It seems that meaning
dominance may not influence the processing of related senses. However, the
subordinate-biased contexts are crucial to differentiate the two processing models.

Previous studies of Chinese lexical ambiguity resolution are summarized in Table 4.

Table 4. Chinese studies of lexical ambiguity resolution

Factors . .
o Meaning Experimental .
Ambiguity type . . Supporting models
) dominance paradigm
Studies
Ahrens Disyllabic homograph Cross-modal
Balanced o Modular
(2001) and polysemy priming
Lietal. Disyllabic Biased Cross-modal Interactive
iase
(2002) homophone priming (reordered model)
Monosyllabic )
Chen ] Cross-modal | Homonymy-selective
Homonymy and Biased o
(2009) priming Polysemy-modular
polysemy
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Researchers have investigated lexical ambiguity resolution of Chinese in

cross-modal priming experiments. However, the studies of lexical ambiguity

resolution showed inconsistent results and different theoretical hypotheses were

supported. It is obvious that context has an influence on word processing, however,

we are still far from reaching consensus on the processing mechanisms. Furthermore,

a comprehensive understanding of lexical ambiguity resolution in Chinese is not yet

available in the natural situation of sentence reading. The goal of the present study is

to examine the role of contextual information in the processing of Chinese

two-character homographs and to explore the dynamics of semantic activation and

integration. Experiment 1 is analogous to that in Sereno, et al. (2006), manipulating

three word types, low-frequency ambiguous word(A), low-frequency unambiguous

word (LF), and high-frequency unambiguous word (HF). .LF unambiguous controls

are matched to the form frequency of the homographs. Chinese homographs are

inherently low-frequency words, therefore, the frequency was close in terms of word

form and meaning, Experiment 1 aims to revisit the subordinate bias effect and to test

which theoretical account that is more consistent with the empirical data in the course

of reading for comprehension. Experiment 2 is designed with the purpose to obtain a

clear time course of contextual influence and the activation of word meanings, in
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particular, to examine the status of the dominant meaning that underlies the SBE

when the subordinate-biased context is given.



Chapter 3

Norming studies of word semantic and contextual constraint

Prior to the eye-tracking experiments, the biased homographs, unambiguous

words, and these words’ contextual constraints were determined by several norming

studies. Four norming tasks of subjective rating were conducted to measure word’s

meaning preference, meaning relativeness, contextual predictability, and context

biasing. First, in the interpretation preference task, word's meaning dominance was

determined by the proportion of the participants’ first interpretation response. The

results were used to select the biased homograph and unambiguous control words for

experiments. Second, a meaning relatedness task was conducted to make sure that the

selected ambiguous words were homographs with two unrelated meanings. Third, a

cloze task was conducted to ensure the targets’ predictability values from the leading

context were below .5. The last norming task was to determine that the context before

target was biased for the subordinate meaning.

3.1 Norming study one: Interpretation Preference Task

This task was designed to determine the dominant and subordinate meanings of

Chinese biased homographs.

33
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3.1.1  Participants
Forty undergraduate and graduate students (8 males and 32 females) aged
between 18-28 years old (mean age = 21.2) were paid to participate in the

interpretation preference task. All of them were native speakers of Mandarin Chinese.

3.1.2  Materials

Fifty-eight disyllabic ambiguous words were selected from 7 A ¥ % 7 & 7777
£ (%%, 2001) and free association norm of common ambiguous word (Hue et al.,
1996). The meanings of these ambiguous words share either the noun category or verb
category (26 NN and 32 VV ambiguous words). Fifty-eight HF and LF unambiguous
control words were selected respectively from Academia Sinica balanced corpus.
Ambiguous and unambiguous words were mixed and divided into two lists, each
containing twenty-nine ambiguous words, twenty-nine unambiguous HF words, and
twenty-nine unambiguous LF words. All the words were presented in a randomized

order in each list.

3.1.3  Procedure
The participants were instructed to read the target word for the meaning that

firstly came to mind and then were asked to make use of each target to generate a
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comprehensive sentence. Specifically, the sentence should contain a preceding

disambiguating or supporting context which clearly indicated the specific meaning of

the target word. For example,“Fi&a%) 7 [&##" was an ambiguous sentence, because

the preceding context cannot disambiguate the ambiguous word “JE#”. Three

examples were given before the task began. The entire questionnaire took about one

hour to complete. The meaning preferences of the sentences were used to confirm the

word types, namely, ambiguous and unambiguous words, and to determine the

relative meaning frequency of ambiguous words.

3.1.4 Results

We classified participants' meaning preference of targets on the basis of

dictionary definition in Chinese Wordnet (CWN) (Academia Sinica, 2008) and MOE

Revised Chinese Dictionary (Z{ & Sl EIzEHET T2 &2, 1998[2007]). Each ambiguous

word were generated at least two difference interpretations. In addition, the

corresponding HF and LF control words were all given only one interpretation. The

biased ambiguous words were chosen when at least 70% of the subjects gave the same

meaning preference. On this basis, forty-six biased ambiguous words met the

proportion of meaning dominance for having a dominant meaning, with a mean bias

of 90% (range: 80%-100%) and 10% (range: 0%-20%) for the subordinate meaning.
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3.2 Norming study two : Meaning Relatedness Task

The task adopted the rating procedure in Rodd et al. (2002) to ensure that the

selected ambiguous words were homographs with two unrelated meanings.

3.2.1  Participants

Twenty undergraduate and graduate students (6 males and 14 females) aged

between 18-30 years old (mean age = 21.7) were paid to participate in the meaning

relatedness task. All of them were native speakers of Mandarin Chinese. None of

them had participated in the prior norming study.

3.2.2 Materials

Forty-six biased ambiguous words from the norming study one were used to

construct two short sentences. One sentence conformed to the dominant meaning and

the other to the subordinate meaning. Therefore, the whole questionnaire consisted of

ambiguous words, sentences and together with short definitions of their two

meanings.

3.2.3  Procedure

Four lists were created with randomized order and each list was read by five
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participants. Participants were given each ambiguous word with short definitions of

its two meanings. They were asked to read the meaning definition and sentence first,

and then were instructed to rate how related they thought the two meanings described

by the sentences were on a 7-point scale (1=not related, 7=much related). Two

practices were given before the task began. The entire questionnaire took about 20

minutes to complete. Examples of the questionnaire were provided in Appendix A.

3.2.4  Results

The average relatedness between two meanings of a biased homograph was 2.19.

Twenty-four ambiguous words that had a mean relatedness rating of 1.73 (range =

1.1-2.75) were retained as the homographs with two distinct meanings for the

experiments.

3.3 Norming study three : Cloze Task

Contextual constrains which have typically been recognized as predictability of a

word from preceding contextual information. Empirical evidence has shown that

predictability tends to affect both the location and duration of fixation (K.S. Binder,

Pollatsek, & Rayner, 1999), which are considered as the two main components in
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readers’ eye movements . Predictability rating is usually conducted via a cloze task to

control the predictability scores for homographs, HF and LF control words. For

instance, in a cloze task, raters wrote down a word to complete sentence fragments.

This task was conducted to ensure that the preceding sentential context was

equally unpredictable to the succeeding target word.

3.3.1  Participants

Forty undergraduate and graduate students (10 males and 30 females) aged

between 18-32 years old (mean age = 24.6) were paid to participate in the cloze task.

All of them were native speakers of Mandarin Chinese. None of them had participated

in any of prior norming studies.

3.3.2 Materials

For seventy-two target words, we constructed the preceding and succeeding

disambiguating context biased for the subordinate interpretation of each homograph,

and the sentential context for each unambiguous word. The questionnaire contained

seventy-two sentence fragments preceding the targets.

3.3.3  Procedure
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There were four lists and the order of sentence fragments in each list was
randomized. Participants were presented with the sentence fragments and were asked
to write down the next potential word, which came to mind firstly to continue the
sentences fragments. Instruction and four practices were given to make sure they
know clearly about the whole procedure. The entire questionnaire took about 30

minutes to complete.

3.3.4  Results

The predictability values for target words were determined by the proportion of
how many the exact targets were filled in across 20 participants. The predictability
values corresponding to homographs, LF words, and HF words were 2.08%, 3.12%,
and 4.20% (F < 1). Since participants used words with very similar meaning, the
contexts were not predictive but were considered to be supportive for the targets. For
instance, the target word “k #-” was generated only by 3 participants when the
preceding context was “d >t Egh £ £ ¢hER @ K jFEZ] . The responses given by
other participants (e.g., £ &% # =X, 4 -, #EA4 , etc.) were semantically congruent

with the preceding context.
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3.4 Norming study four : Contextual Bias Task

The task was conducted to ensure that 75% or more of native speakers agree that

both the preceding and succeeding sentences were biased towards the postulated

meaning. Tabossi et al. (1987) suggested that this level of context was considered

“strongly biasing.”

3.4.1 Participants

Ten undergraduate and graduate students (1 male and 9 females) aged between

20-27 years old (mean age = 21.9) were paid to participate in the contextual bias task.

All of them were native speakers of Mandarin Chinese. None of them had participated

in any of prior norming studies.

3.4.2 Materials

Twenty-four complete sentential fragments of homographs, determined in

previous cloze task, were used in the questionnaire.

3.4.3 Procedure

Prior to the task, instructions, examples and practices were provided to make the

participants familiar with the procedure. Initially, participants saw the preceding
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context up to the highlighted homographs and then were asked to judge which

meaning of the homographs the prior context supported. When the participant selected

the appropriate meaning, the succeeding context was presented. They were asked to

complete the judgment of the meaning again. Two practices were given before the

task began. The entire questionnaire took about 15 minutes to complete. Examples of

the questionnaire were provided in Appendix B.

3.44 Results

A contextual bias was established by how many participants selected the

instantiated meaning in both preceding and succeeding context. The average

contextual bias for subordinate meaning was .99, which indicated that 99% of native

speakers agree on the intended meaning of the context, thus, the linguistic contexts

were strongly biased.

345 Interim summary

Twenty-four experimental stimuli, including the targets and the sentential

contexts respectively, were selected from subjective ratings and met the requirement

of the research purpose. Table 5 summarizes and presents the number of participants

the rating results in four norming studies. .



Table 5. The norming data summarized from four norming studies
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Norming study | Participant A(low frequency) LF HF
) 92.9%
1.Interpretation . ]
40 (dominant-biased) 100% 100%
preference
(range = 80%-100%)
2.Meaning 20 1.72
relatedness (range = 1.1-2.75) - T
0.02 0.03 0.04
3.Cloze task 40
(range = 0-0.25) (range = 0-0.4) | (range = 0-0.5)
4.Contextual 09%
10

bias

(subordinate-biased)




Chapter 4

Experiment One:
The interaction between meaning dominance and linguistic context

The aim of this thesis is threefold. First, we examine the interaction between

meaning dominance and contextual information and revisit the subordinate bias effect

in Chinese lexical ambiguity resolution. Second, it is without doubt that context

facilitates meaning selection of a homograph, but how early could this contextual

effect be observed. Finally, we attempt to differentiate the competition and frequency

accounts of the subordinate bias effect and, more generally, distinguish between the

reordered access and selective access models of lexical ambiguity resolution. The

homographs used in this experiment were inherently low frequency in terms of word

form and meaning. LF unambiguous control words were thus matched to the word

form frequency of the homographs. We predicted that if the dominant meaning was

activated, a typical SBE (A > LF) would be found in both the target and the

post-target (next two characters of the target) regions, which was consistent with

competition account. In contrast, if only the subordinate meaning was activated, the

SBE would be eliminated (A = LF) and this supported the frequency account. In

addition, HF control words were added to obtain a word frequency effect (e.g. LF >

HF) which can provide alternative evidence to separate two accounts. If the results

43
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supported the competition account, the SBE would be similar to or higher than the

observed word frequency effect in the unambiguous case (A-LF > LF-HF); otherwise,

the word frequency effect would be higher than the SBE and this result accorded with

the frequency account (A-LF < LF-HF).

4.1 Method

4.1.1  Participants

Thirty participants, including 24 females and 6 males were paid to participate in

the experiment. Their mean age was 21.5 years old, ranging from 19 to 28 years old.

All participants had normal or correct-to-normal vision and were native speakers of

Mandarin Chinese. None of them took part in the previous norming studies.

4.1.2  Materials and Design

There were three types of words in the experiment, LF homograph, LF control,

and HF control. Twenty-four biased homographs were used in the present experiment,

with a mean bias to dominant meaning for 92% and to subordinate meaning for 7%.

The average word-form frequency obtained from the Academic Sinica Balanced
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Corpus (ASBC, 2004), was 6.03 per million for homographs, 7.48per million for LF

words, and 188.77 per million for HF words. Targets were all disyllabic words; in

addition, they share the same syntactic category (NN or VV). Each homograph and

LF and HF controls matched in word stroke and the neighborhood size of first

constituent character (NS1) and syntactic category. The average word stroke for

homograph, LF and HF was 19.92, 20.17, and 20.33 and the average NS1 was 40.92,

40.67 and 37. The result of one way analysis of variance on word-form frequency

showed a significant main effect across LF and HF conditions [F (2, 69) > 1, p =.00]

and no significant difference between A and LF [F < 1]. The ANOVA on word stroke

or on NS1 revealed that there were no significant differences across three conditions

[F < 1]. The means of word properties and example sentences are presented in Table

Homographs were embedded in sentences in which preceding and succeeding

context were semantically consistent with the subordinate interpretation. Targets were

located on the range between the 14th to 16th characters of a sentence; the whole

sentence contained 25 to 27 characters. The entire experiment consisted of 104

sentences in total, including 72 experimental sentences, 24 filler sentences and 8

practices. The filler sentences and practice trials were not included for analysis. The

experimental and filler sentences were mixed and randomly distributed into three lists.
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In each of the lists, the number of each condition was equal, namely, 8 items in each

condition. Each sentence spanned one line and was presented in the middle of the PC

screen. A participant saw each item only once, and about one-third of the trials were

followed by the untimed true-or-false questions, which were designed to ensure that

participants read for comprehension. There were four blocks of 24 trials, with block

order counterbalanced across subjects, for a total of 96 trials. The experimental

sentences are listed in Appendix C.

Table 6. Means of word frequency, strokes, and neighborhood size of first constituent
character for the target words on each condition and example of materials used in
each condition

. Means of Means of Meansof Example Sentences
Condition
Frequency Strokes NS1

A G A O B {0 S o 7 B 4

A 6.03 1992 40.92 = ARG RI RIE
e AR E A e e -
EVBEZER L IERE

LF 7.48 20.17 40.67 %%%‘z% iﬁ% ILTIEIRS
Faphh 2k H 2 = i)t -
B FWLETAEE ST o RIS R (&

HF 188.77 20.33 37.00 R ERRATI B S TSRS A

ZFEEEELS TER

Note. A= ambiguous words; LF = low-frequency controls; HF = high-frequency
controls; Means of Frequency = per million words; the targets were presented with
bolds and italics in the example sentences.

4.1.3  Apparatus

Eye movements were recorded with an SR Research EyeLink 1000 Desktop
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Mount eye tracking system. Viewing was binocular, and eye movements were

recorded from the dominant eye. The eye tracker sampled gaze position every

millisecond. Each sentence was presented in black on a grey background and

displayed on a single line with up to 27 characters per line. The presentation of

character size was 34x34 pixels. Participants were seated 70 cm away from the eyes

to the screen, and the width of one character with the space before it equated about

one degree of visual angle.

41.4  Procedure

When participants arrived for the experiment, they were given a consent form

and tested for their dominant eye. Participants were tested individually in a dimly lit

and noise-attenuated room. They seated in front of the monitor with their heads in a

forehead and chin rest to eliminate head movement during the experiment. At the

beginning, the instruction was given to the participants to read the sentences for

comprehension without memorizing them on purpose. The five-point or three-point

calibration and validation were performed in the first trial of each block (four blocks

in total). After the calibration was checked, participants were asked to fixate on a

cross, where located at the position of the first character of the sentence. Once they

had accurately fixated on the assigned area, the cross disappeared and the sentence
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was presented subsequently. Prior to reading experimental sentences, eight practice

sentences were presented to participants in order to be familiar with the experimental

procedure. Then they read 72 experimental and 24 filler sentences intermixed

randomly. When the participants finished reading each sentence, they had to first

fixate the right most cross located below the last character of the sentence. Then, they

pressed a button on the response box and the next trial began. A comprehension

question was asked approximately a third of the trials. Participants answered the

true-and-false questions about sentences meaning by pressing either the left button

'ves' (£ shi) or the right button 'no' ( 7 fou). Feedback was given after they pressed

the response key. The average accuracy rate was 94%. The experimental procedure is

summarized in Figure 3.
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Pre-trial procedure

Instruction

Calibeation and validation {five-point gnd)

q JTrial procedure

Fixation cross

Sentence |J]':‘3t"[]'|.'1'|‘l[‘lll

Comprehension question

Next trial

Figure 3. A diagram for the procedure of Experiment 1

4.2 Data Analysis

Fixation duration and probability measures on three regions of interest (ROIs),
target word, pre-target region, and post-target region, were analyzed. The pre-target
region was two characters before the ambiguous word or control word; while the
post-target region was two characters after the target word. Measures of first-pass

time generally reflect word recognition process, while second-pass time measures or
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post-target entail the time of semantic and syntactic integration. The first-pass and

second-pass eye movement measures for the analyses are listed in (1) and (2).

(1) First-pass duration and probability:

a. First fixation duration (FED): the duration of the first forward fixation in

the ROI.

b. Single fixation duration (SED): the duration of only one first-pass fixation

within the ROI.

c. Gaze duration (GD): the sum of all the first-pass fixations before moving

out the ROI.

d. Skipping rate (Skip): the probability of skipping the ROI in the first-pass

reading.

e. Refixation rate (RER): the probability of refixating the ROl during the

first-pass gaze.

(2) Second-pass duration and probability:

a. Total viewing time (TVT): the sum duration of all fixations in the ROI,

regardless of the forward or backward eye movements.

b. Go-past time (GPT): the sum duration of all the fixations from the first

fixation within the ROI before the fixation moving out to the right of the

ROL.

c. Rereading rate (RRR): the probability of returning to the ROI after the

first-pass reading.
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The data of 7 participants, whose skipping rate of target words (A, LF and HF)

higher than 40%, were dropped and replaced with new qualified data. The average

skipping rate for the targets was 0.25. Data were excluded from the analyses for the

following reasons: (a) there was a blink on the target or prior to target, (b) fixations

were out of the ROI range, (c) the fixation was in the beginning or the end of each

trial, (d) the first fixation on the target was longer than 800 milliseconds (msec) or

shorter than 80 msec and (e) total viewing time on the target was more than 1500

msec or less than 80 msec. Overall, less than 1 percent of trials were removed. In the

present study, the eye-movement data were analyzed using the linear mixed-effects

(Ime) model (Baayen, Davidson, & Bates, 2008). We evaluated the fixed effects of

word ambiguity and word frequency while taking participants and items as crossed

random effects by using the Imer program (Ime 4 package; Bates, Maechler, &

Méchler, 2009) in R 2.10.1 (R Development Core Team, 2009). For the Ime models,

we report regression coefficient (bs), standard errors (SEs) and t values estimated

from priori contrast tests.
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4.3 Results

43.1 Target word region

The means of first pass and second pass duration time and probability measures

on the target word are shown in Table 7 There were totals of 1,553, 1,554, 1,370 and

1,661 observations available for FFD, GD, SFD and TVT analyses, respectively. No

significant SBE was found in FFD or SFD (both t values < 1.5). There was a

significant SBE (b = 0.08, SE = 0.03, t = 2.93*) in GD, with longer fixation time for

ambiguous words than for LF control words, showing the SBE when the preceding

context supported for the subordinate meaning. The SBE was also found in the

second-pass measures: TVT (b = 0.17, SE = 0.05, t = 3.63*), RRT (b = 0.22, SE =

0.07, t = 2.93*%), and GPT (b = 0.1, SE = 0.04, t = 2.82*). None of the duration

measures showed the word frequency effect (all t values < 1.5).

For the probability measures, the average skipping rate for A, LF and HF was

0.23, 0.25, and 0.29 respectively. In general, the overall pattern of skipping rate in

fact indicated the processing difficulty according to the characteristics of the word.

Ambiguous words and LF unambiguous words were skipped lower than HF

unambiguous words. For both A and LF, there were numerically lower than HF, but

no statistically significant effect. Furthermore, the SBE was significant for both
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refixation (p < 0.01**) and rereading rate (p < 0.01**). Readers refixated and reread

A more frequently than LF after first encountering the ambiguous words. Greater

refixation and rereading rates suggest that readers detected some difficulties for

processing ambiguous words.

Table 7. Means and standard errors (in parentheses) of fixation durations and
probability measures on three types of target words in Experiment 1

Duration
LF HF A-LF LF-HF

measure(ms)
FFD 265 (3.85) 255 (3.33) 260 (3.74) 10 -5
SFD 264 (4.37) 254 (3.57) 258 (3.89) 10 -4
GD 301 (5.58) 272 (4.33) 279 (4.88) 29* -7
TVT 379 (9.28) 305 (6.13) 324 (7.32) 74* -19
RRT 359 (19.97) 272 (14.87) 305 (14.55) 87* -33
GPT 338 (7.93) 298 (6.56) 292 (6.2) 40* 6
Probability

A LF HF A-LF LF-HF
measure (%)
Skip 0.23 (0.02) 0.25 (0.02) 0.29 (0.02) -0.02 -0.04
Refix 0.17 (0.02) 0.10 (0.01) 0.08 (0.01) 0.07** 0.02
Reread 0.23 (0.02) 0.14 (0.01) 0.17 (0.01) 0.09** -0.03

Note. A = ambiguous word; LF = low-frequency word; HF = high-frequency word
FFD = first fixation duration; SFD =single fixation duration; GD = gaze duration;
TVT = total viewing time; RRT = re-reading time; GPT = go past time; Skip =
skipping rate; Refix = refixation rate; ReRead = rereading rate.

4.3.2 Pre-target and post-target region



54

Table 8 presents the means and standard errors of duration measures and
probability measures in the pre-target region. There was no significant SBE in
pre-target words for FFD, SFD, GD, TVT and GPT (all t values < 1.3). The only
exception was a marginal effect in RRT (t = 1.84). No significant differences between
HF and LF unambiguous words in the pre-target region. For probability measures,
there was no significant SBE in refixation and rereading rate. But, the significant SBE
was shown in skipping rate (p < .05*). No significant SBE and word frequency effect
found in the first-pass duration measures in the pre-target region indicated that the

pre-target words were basically identical across the three experimental conditions.

Table 8. Means and standard errors (in parentheses) of fixation durations and
probability measures on three types of pre-target words in Experiment 1

Duration
LF HF A-LF  LF-HF

measure(ms)
FFD 253 (3.39) 252 (3.77) 254 (4.29) 1 -2
SFD 248 (3.46) 249 (3.90) 251 (4.37) -1 -2
GD 274 (5.05) 271 (5.17) 272 (5.27) 3 -1
TVT 329 (8.19) 302 (7.01) 314 (7.84) 27 -12
RRT 325 (17.17) 282 (15.57) 300 (13.56) 43° -18
GPT 297 (7.25) 288 (6.84) 304 (8.48) 9 -16
Probability

A LF HF A-LF LF-HF
measure (%)
Skip 0.28 (0.02) 0.34 (0.02) 0.34 (0.02) -0.06* 0
Refix 0.10(0.01) 0.09(0.01) 0.10(0.01) 0.01 -0.01

Reread 0.18 (0.01)  0.14 (0.01) 0.13 (0.01) 0.04 0.01
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The means and standard errors of duration measures and probability measures in

the post-target region are shown in Table 9. No significant SBE found in post-target

words for FFD, SFD, GD, RRT and TVT (all t values < 1.7). However, there was a

significant SBE in GPT (b = 0.12, SE = 0.05, t = 2.53*). No difference was found in

FFD, GD, RRT, TVT and GPT between LF and HF words. A reverse frequency effect

was found in SFD. For probability measures, there was no significant SBE and word

frequency effect in skipping and refixation rate. However, there was a significant SBE

in rereading rate (p < 0.05*). In sum, the spillover measure provided evidence of

processing difficulty. The SBE found in post-target for GPT may indicate the

co-activation of alternative meaning of the ambiguous words.

Table 9. Means and standard errors (in parentheses) of fixation durations and
probability measures on the post-target words in Experiment 1

Duration

A LF HF A-LF LF-HF
measure(ms)
FFD 260 (4.53) 250 (3.87) 258 (3.50) 10 -8
SFD 258 (4.73) 245 (3.85) 258 (3.71) 13 -13*
GD 282 (5.58) 263 (5.00) 277 (4.87) 19 -14
TVT 337 (8.39) 307 (7.55) 326 (7.86) 30 -19
RRT 304 (14.96) 306 (16.52) 320 (16.24) -2 -14
GPT 344 (10.42)  291(7.11)  315(8.31) 53* 24
Probability

A LF HF A-LF  LF-HF
measure (%)
Skip 0.33 (0.02) 0.35(0.02) 0.33 (0.02) -0.02 0.02
Refix 0.11 (0.01) 0.08 (0.01) 0.08 (0.01) 0.03 0

Reread 0.20(0.02) 0.13(0.01) 0.18(0.01)  007* 0.05
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4.4 Discussion

Experiment one demonstrated the significant subordinate bias effect (A > LF) of

Chinese homographs in sentence reading. It is obviously that the temporal locus of

contextual influence on meaning activation occurred relatively early since the SBE

was found in the first-pass duration. In agreement with Sereno et al. (2006), the SBE

were evident in GD, TVT, RRT and GPT. However, the FFD and SFD failed to show

the SBE in the present experiment. It is likely that the dominant meaning is not

immediately activated but gradually activated while the context activates the

context-favored meaning. The findings that most homographs received longer fixation

times in gaze duration and total viewing time than LF words conform to our previous

prediction of the competition account. However, the word frequency effect was not

obtained here. One possible reason may be that HF did not fit into the passage as well

as their LF counterparts. The norming study should be conducted in order to ensure

that there are systematic plausibility differences across conditions.

Furthermore, in the post-target region, SBE was found significantly in GPT.

Sereno et al.(1992) also reported longer fixations in spillover measures. The spillover

effect indicated that the ambiguity resolution was lagged to the next region and

additional time was needed, presumably due to the co-activation of the dominant

meaning (Sereno et al. 2003). The results showed higher rereading rate of ambiguous
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words than LF words, which may reveal that readers revise their interpretation to be

integrated into the ongoing context. In general, the results have demonstrated that

readers access multiple meanings, and the activation is influenced by meaning

dominance of an ambiguous word and the context in which it occurs. In sum, the

converging evidence of the SBE at both target and post-target lend some credence to

the account that the SBE is the result of competition and thus more consistent with the

reordered access model than the selective access model. The SBE extended to the

post-target indicated that the lexical ambiguity may not be resolved completely at the

target word region and the dominant meaning could be activated continually to the

post-target region.

Sereno et al. (2006) found a reverse SBE for ambiguous versus

meaning-matched LF controls (A < LF), which was not observed in the present

experiment. The reverse SBE could be in fact a combination of SBE and frequency

effect, thus it is likely that ambiguous word was facilitated due to high frequency in

terms of its word form. In our manipulation, homographs are low-frequency words in

Chinese both in terms of its word form and meaning, thus, it is well suited to be used

to distinguish the competition and frequency accounts. Taken together with the

broader literature, we may conclude that the subordinate bias effect is a

well-established phenomenon under two conditions: (1) the homograph is polarized,
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with subordinate meanings retrieved about 20% of the time. (2) The appropriate

control word which is used to compare with fixation times for a homograph is likely

to be matched to the homograph’s form frequency.

It is of theoretical importance to find out whether the top-down contextual

information can influence the activation of the context-inappropriate meaning.

Reordered access model would predict that the dominant meaning of the ambiguous

words was impervious to contextual influences while the selective access model

assumed the access process was decidedly context dependent; therefore, only the

contextually-appropriate meaning can be accessed.. Furthermore, although the

empirical data tends to support the reordered access model, the fate of the dominant

meaning and timing of dominant meaning activation deserve our attention to explore

further into details of lexical ambiguity resolution. In Experiment 2, we used a visual

world paradigm to examine the time course of semantic activation during semantic

ambiguity resolution. More intriguing, this paradigm can reveal the underlying

activation of the ‘unselected’ semantic representation over time.



Chapter 5

Experiment Two:
The time course of lexical ambiguity resolution

In Experiment 2, we utilize visual world paradigm to examine the time course of

lexical ambiguity resolution. This paradigm can reveal the activation of

context-unselected meaning over time given the context constraining for subordinate

meaning. In the present experiment, two experimental conditions were manipulated to

investigate whether the dominant meaning of a homograph attracted more fixations

than the unrelated words when the context favored the subordinate meaning of it.

There were two types of spoken targets: homograph (ambiguous word) and

monograph (unambiguous word). For spoken targets, semantic associative words of

their meaning were selected to serve as semantic competitors. The monograph

condition severed as a baseline for the semantic competition effects in the homograph

targets.

According to the reordered access model, the SBE has been taken as evidence

that both dominant and subordinate meanings of ambiguous words are activated and

compete for selection. In contrast, based on the selective access model, the supporting

context activated only the context-selected meaning. Thus, if the access is selective,

the existence of SBE reflects the processing difficulty to access the infrequent or

59
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subordinate meaning. The reordered and selective access models have made different

claims in regard to the status of the unselected meaning. The reordered access model

claims that two meanings are activated simultaneously, which the contextual

information speeds the activation of context-selected meaning but no effect on the

activation of the unselected meaning. On the contrary, the selective access model

claims that the rapid selection of the context-intended meaning suppress the

unintended meaning.

We examine fixation proportions changing over time on two types of semantic

competitors in the homograph condition. Therefore, specific predictions of the two

models are made according to the effective time window after the ambiguous words

unfold. First, in the early time window, both reordered and selective access models

predict that the fixation proportions of subordinate-related associative words (SR)

would be much higher than those to the dominant-related associative words (DR) or

unrelated distractors (UR). However, in the later time window, only the reordered

access model predicted that the activation of dominant meaning was impervious to the

context, so the fixation proportions of the DR would be greater than those of the UR.

Figure 4 diagrams the predictions of time course of semantic ambiguity resolution

based on reordered access and selective access models.
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Figure 4. Predictions of reordered and selective access models for semantic ambiguity
resolution

5.1 Method

5.1.1 Participants

Thirty-two participants, including 6 males and 26 females, were paid for their

participation. Their mean age was 21.5 years old, ranging from 18 to 25 years old. All

were native Mandarin Chinese speakers with normal or correct-to-normal vision.

5.1.2  Materials and Design

Twenty-four biased homographs and the sentences from Experiment one were

used as auditory materials. Additional twenty-four monographs were selected,
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embedded in the same location as homograph targets and semantic congruent with the

sentential context. Some of the sentences from Experiment one were revised and their

norming data were presented in subsection 5.1.3. Both spoken target words

(homograph and monograph) were matched in word length, word frequency, word

stroke, and neighborhood size of the first constituent character (NS1). The average

word frequency for homograph and monograph was 6.03 and 5.8, the average word

stroke was 19.92 and 20.92 and the average NS1 was 40.92 and 33.21. The results of

paired t test showed that there were no significant difference between homograph and

monograph for word frequency [t(23) = .119, p = .906], word stroke [t(23) = -.882, p

=.536], and NS1 [t(23) = 1.32, p = 0.201]. The means of spoken targets and sentences

used in this experiment are summarized in Table 10.

Quintuples of words were selected for 48 experimental trials (see Appendix D).

The visual display containing four printed words was identical in both homograph and

monograph conditions. Examples of visual stimuli were presented in Figure 5. For the

homograph condition, each display consisted of two semantic competitors and two

unrelated distractors. The meanings of two semantic competitors were related to the

dominant and subordinate meaning (e.g., DR:/#7z7% and SR: 4%, respectively) for the

spoken homograph target (e.g., /{#/). For the monograph condition, there were three

unrelated distractors and one competitor (e.g., MSR: £ 4%) which was semantically
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related to the spoken monograph target (e.g., /(5.

Printed words were arranged in a diamond-shape on a grey background with a

fixation cross in the center. The positions of the four words were at the top-center,

left-middle, right-middle, and bottom-center locations of the screen. The printed

words were presented vertically in Piao-Kai font. The horizontal distance between the

centers of the words on the left and right was 4.9 cm and the vertical distance between

the centers of the words on the upper and lower was 4.95 cm. Additional 24 sets of

four words were selected for filler trials, all of which consisted of a fully matching

word in the accompanying sentence, and the other three were unrelated.

For the auditory materials, the 48 experimental and 24 filler sentences were read

aloud by a female native Chinese speaker at a normal speaking rate. The utterances

were recorded in a sound-damped room, using the Praat software version 5.3.10

(Boersma & Weenink, 2009) with 44.1 kHz sampling rate and 16-bit resolution. The

speaker read the each sentence fluently without the hesitation and pauses in a neutral

intonation. The target word occurred on average 5 seconds after the onset of the

spoken sentence and the average duration of the spoken target word was

approximately 800 ms for the homograph and 770 ms for the monograph. The

presentation of the stimuli were counterbalanced across subjects to ensure that all the

sentences occurred only once in this experiment.
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Table 10. Means of word frequency, strokes, and neighborhood size of first
constituent character for the spoken target words in each experimental condition and
example of materials used in each condition

. Means of Means of Means of Example Sentences
Condition
Frequency  Strokes NS1

A A ¥ 'ﬁ %E’Tﬁ'ﬁ % g TR

Homograph  6.03 19.92 40.92 TN A g e
& o
A At § L ‘%u

Monograph  5.80 20.92 33.21 TAEEIRE A B EE
& o

Note. Means of Frequency = per million words; the targets were presented with bolds
and italics in the example sentences.

(a) i
E:3
oy
&
3
4

..FFI]

(b)

T
E)

#t a2
_l_

kS T
il
%

Figure. 5. Example of visual displays in Experiment 2: (a) in both the homograph and
monograph trials, and the spoken targets are -~ #*and -+ . (b) in filler trials, and the

>

spoken target is + & .
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5.1.3  Norming studies

Three norming studies were carried out for the stimuli in experiment two. The

first norming was to ensure that the probability of words of the revised sentences met

the criteria as in Experiment 1. In the second and third study, participants rated the

plausibility of sentence context and the degree of semantic relatedness between the

semantic associate we generated and each meaning of the homograph.

5.1.3.1 Norming study one: Cloze Task

Thirteen homograph-embedded sentences from Experiment one was revised and

twenty participants were asked to write down the first word to continue the sentence

(the procedure was identical to that in Experiment one). The averaging predictability

value for the homographs was 0.03 (range = 0-0.2).

5.1.3.2 Norming study two: Plausibility Rating

To ensure that the sentences in both the homograph and monograph conditions

were plausible to the same extent, a plausibility rating was conducted. Forty-eight

sentences were intermixed and presented in a random order. Participants were

instructed to assign a number from 1 (very implausible) to 7 (very plausible) based on

how the event described in each sentence made sense to them. Twenty undergraduate
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and graduate students (8 males, 12 females) participated in this norming survey. The

average rating for homograph- and monograph-embedded sentences was 5.56 and

5.66 respectively. Paired t test showed that they did not differ significantly [t(23) =

-.628, p = .536].

5.1.3.3 Norming study three: Semantic Relatedness Rating

This norming study is to assess semantic relatedness for spoken homograph

target and its dominant- and subordinate-related associative words, and the unrelated

words, also for monograph target and its semantic associative words.

Forty participants of undergraduate and graduate students took part in this

norming study and they were in the age range of 18 to 26 years. They were given the

definition of dominant or subordinate meaning and their semantic associative words

and were asked to rate the definition—target pair on a 7-point scale ranging from

1(very unrelated) to 7 (very related). Ninety-six definition—target pairs were given to

forty subjects in total. Materials were divided into two versions such that each subject

saw an equal number of semantic related and unrelated words. Only semantic

associative words that were considered highly-related (4-7 point at 7-point scale) were

included in the main experiment. The unrelated words were excluded if the rating

value was above 3. Twenty-seven items were dropped and replaced with new
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qualified items. The dominant meaning—DR pairs received a mean rating of 5.75 and

subordinate meaning—SR pairs received a mean rating of 5.27. In addition, the related

meaning—MSR pairs had a mean rating of 5.16. Independent t-test was performed for

dominant meaning—DR and subordinate meaning—SR, dominant-meaning-DR and

related meaning—MSR. The results showed that DR and SR did not differ significantly

[t(46) = 1.691, p

.098]. However, there was a marginal significance between DR

and MSR [t(46)

1.965, p = .055]. Paired t-test was performed for subordinate

meaning-SR and related meaning—MSR. No significance was found [t(23) = 0.419, p

= 0.679]. Furthermore, the semantic associative words with each meaning (e.g.,

dominant meaning-DR, subordinate meaning-SR and related meaning—-MSR) were

judged to be significantly semantically related to the target words than the other three

stimuli (all ps < .000) and there was no difference among the other three. The results

are summarized in Table 11.
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Table 11. Results of the semantic relatedness norming for Experiment 2. Mean (with
standard deviations in parentheses) semantic relatedness between the target words and
each type of printed word

Type of word in visual display
DR SR UR1 UR2

Target word

1. Homograph
Dominant meaning 5.75(1.00) | 1.40(0.41) | 1.12(0.16) | 1.20(0.33)
Subordinate meaning 1.56 (0.40) | 5.27 (0.98) | 1.17(0.19) | 1.20 (0.35)
2. Monograph MSR UR1 UR2 UR3
Related meaning 5.16 (1.07) | 1.37(0.39) | 1.13(0.15) 1.28(0.40)
Note. DR= dominant-related associative words; SR= subordinate-related associative
words; MSR= semantically-related associative words in monograph condition; UR=
unrelated words

5.1.4  Procedure

Eye movements were monitored and measured with an SR Research EyeLink

1000 Desktop Mount eye tracker, sampling at 1000 Hz (the eye-movement recording

procedure was identical to Experiment 1). The character size for visual display was

42x42 pixels. One character on the screen corresponded approximately to 3.4° of

visual arc. Spoken sentences were presented to the participants through headphones.

Prior to the experiment, the instruction and 6 practices were given. The structure of

each trial was as follows (see Figure 6). First, a central fixation cross appeared on the

screen as the auditory presentation of a sentence was initiated. Until 1200 ms before

the acoustic onset of the target word, the cross disappeared and was replaced by a

blank screen for 500 ms. Then, a cross appeared again for 500ms and subsequently
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the display of four words appeared on the time 200 ms before the acoustic onset of the
target word. The trial was terminated as the sentence utterance ended. Participants
were instructed to listen to the sentence carefully and look whatever they want except
taking their eyes off the screen throughout a trial. One-third of the trials were
followed by true-and-false comprehension questions to ensure that they understand

the sentences. The entire experiment lasted less than 35 minutes.

oy
ﬂ “j 500 ms 500 ms 200 ms+

T
s+ oWy
(Bim

Figure 6. Experimental procedure of Experiment 2.
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5.2 Results

The number of fixations on all types of the printed words was obtained every

millisecond for the duration of 4000 msec. Fixation proportions were computed across

trials. Fixation proportions of competitors represented the ratio between the number of

fixations to a particular semantic competitor (DR, SR or MSR) and the sum of all

fixations; in addition, fixation proportions of competitors represented the ratio

between the average fixations of the distractors and the sum of all fixations Figure 7

plots the fixation proportions over time in all conditions. For the statistical analyses,

we computed mean fixation proportions in 100-msec intervals. The means and

standard errors of fixation proportions are shown in Table 12. The increase in looks to

the printed target identical to the spoken target words in filler trials began less than

500 ms after target’s acoustic onset and was earlier than SR and MSR in homograph

and monograph conditions (Figure 8). We performed the analyses of variance

(ANOVAS) by participants (F1) and items (F,) for each time period during 501-1300

ms (Table 13).

There were statistically significant differences among DR, SR, and UR both by

participants and by items from 501 ms to 1300 ms. The statistical results were

reported here, taking the 501-600 bin as an example. At 501 ms, F1(2, 62) = 5.50, p

=.006, F»(2, 46) = 4.59, p = .02. The remaining results in different time bins can refer
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to Table 13. At the acoustic offset of the initial character of target word

(approximately 400 ms), the fixation proportions to SR in the homograph condition

started to diverge. Starting at 501 ms, the subordinate-biased context increased looks

to SR compared with unrelated distractors. This divergence was significant both by

participants and by items [501 ms, z; = -3.088, p = .006, z, = -2.836, p = .01]. The

large difference in fixating on the SR compared to that on the distractors continued at

the later time points. It was assumed that any difference before the word was fully

specified (i.e. acoustic offset of the target word) can be taken as the contextual

influence. Fixation proportions to the DR did not differ significantly from those to the

distracters from 501 ms to 900 ms by participants [all ps > 0.1] and 501 ms to 1000

ms by items [all ps > 0.1]. However, there were more fixations towards the DR, as

compared with the distractors from 901 ms to 1300 ms, that was significant from 901

ms to 1300 ms [901 ms, z; = -3.13, p =.003] and marginal significant from 1001 ms

to 1300 ms [1001 ms, z; = -2.375, p = .05].
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Figure 7. Fixation proportions to all types of printed words across two experimental
conditions and one target (filler) condition in experiment 2. The x-axis shows time in
milliseconds from the display onset, for 4000 ms

In the monograph condition, more fixations were directed to MSR compared to

those to the unrelated distractors, starting at 501 ms, significant both by participants

and by items [501 ms, z; = -2.671, p = .007, z, = -2.645, p = .008] and was maintained
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at the later time points. This indicates that the strength of context for homograph and

monograph is fairly consistent. In the filler condition, participants strongly shifted

their eye gaze towards the matching printed words relative to the distractors at 401 ms,

significant both by participants and by items [401 ms, z; =-4.714, p = .000, z, = -3.694,

p =.000].

Table 12. Means and standard errors (in parentheses) of fixation proportions on three
types of visual words in two experimental conditions from 1 ms to 1300 ms in
Experiment 2

Homograph Monograph
target onset SR DR UR MSR UR
1-100 0.07(0.01) 0.09(0.02) 0.11(0.01) 0.10(0.02) 0.10(0.01)
101-200 0.15(0.02) 0.17(0.02) 0.19(0.01) 0.14(0.02) 0.18(0.01)
201-300 0.18(0.02) 0.19(0.02) 0.21(0.01) 0.17(0.02) 0.21(0.01)
301-400 0.20(0.01) 0.21(0.02) 0.22(0.01) 0.20(0.02) 0.22(0.01)
401-500 0.24(0.02) 0.22(0.02) 0.21(0.01) 0.22(0.02) 0.22(0.01)
501-600 0.29(0.02) 0.21(0.02) 0.20(0.01) 0.28(0.02) 0.21(0.01)
601-700 0.29(0.02) 0.21(0.01) 0.20(0.01) 0.31(0.02) 0.20(0.01)
701-800 0.31(0.02) 0.21(0.01) 0.20(0.01) 0.33(0.02) 0.19(0.01)
801-900 0.32(0.02) 0.23(0.02) 0.19(0.01) 0.35(0.02) 0.19(0.01)
901-1000 0.32(0.02) 0.26(0.02) 0.18(0.01) 0.36(0.02) 0.19(0.01)
1001-1100  0.35(0.02) 0.27(0.02) 0.16(0.01) 0.34(0.02) 0.19(0.01)
1101-1200  0.35(0.02) 0.26(0.02) 0.17(0.01) 0.35(0.03) 0.19(0.01)
1201-1300  0.31(0.02) 0.26(0.02) 0.17(0.01) 0.36(0.03) 0.19(0.01)
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Figure 8. Time course of fixation proportions on different word types in two
experimental conditions from 1 ms to 1300 ms

Table 13. Analyses of variance by participant and item comparing mean fixation
proportions to competitors with those to the average of the distractors in 100-ms bins,

from 501 ms to 1300 ms after acoustic target word onset in homograph condition in
experiment 2

Time bin
Condition Test  501-600 | 601-700 | 701-800 | 801-900 |901-1000 |1001-1100|1101-1200|1201-1300
5.50 6.72 10.97 11.28 15.72 20.95 21.95 10.98
Homograph,  F;(2, 62)
p=.006 | p=.002 | p<.001 | p<.001 | p<.001 | p<.001|p<.001|p<.001
meaning
4.59 4.26 5.86 5.53 5.89 8.13 7.90 5.56
related F» (2, 46)
p=.02 | p=.02 | p=.005|p=.007 | p=.005| p=.001 | p=.001 | p=.007
-2.712 | -3.053 | -3.895 | -3.267 | -2.361 | -2.758 | -3.127 | -1.691
Z;
p=.02 | p=.007 | p<.001 | p=.003| p=.05 | p=.02 | p=.005 | p=0.27
DR-SR
-2.49 -2.444 2.861 -2.299 | -1.453 | -1.727 | -1.886 -1.21
I
p=.04 | p=.05 | p=.01 | p=.06 | p=04 | p=03 | p=02 | p=0.6
-3.088 | -3.373 | -4.316 | -4.709 -5.67 -6.549 | -6.726 -4.7
Z;
p=.006 | p=.002 | p<.001 | p<.001 | p<.001 | p<.001|p<.001|p<.001
UR-SR
-2.836 -2.7 -3.17 -3.314 -3.49 -4.102 | -4.057 | -3.363
I
p=.01 | p=.02 | p=.005| p=.003 | p=.001 | p<.001 | p<.001 | p=.002
-0.367 | -0.319 | -0.422 | -1.442 -3.13 -3.791 | -3.599 | -3.009
Z;
p=1 p=1 p=1 p=.45 | p=.003 | p<.001 | p<.001 | p=.008
UR-DR
-0.346 | -0.256 -0.31 -1.015 | -2.037 | -2.375 | -2.171 | -2.153
Z
p=1 p=1 p=1 p=09 | p=01 | p=.05 | p=.09 | p=.09

Note. F1/z; = 32 participants.

F,/z, = 24 items.
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5.3. Discussion

The key finding in Experiment 2 was that a greater fixation proportions were

towards contextually appropriate semantic associates (SR) when participants heard

the first character of ambiguous words. However, fixations on the contextually

inappropriate semantic associative words (DR) increased as identifying information of

lexical semantics was perceived. Table 14 summarizes the fixation proportions of

competitors, filler-targets and distrators across three conditions. Statistically greater

fixation proportions of SR and MSR comparing with their UR in homograph and

monograph condition respectively were firstly found at the target offset, while a

greater fixation proportions of DR comparing with UR was found at 200 ms after

target offset. Contextual information influenced a relatively greater fixation

proportions on the SR and MSR comparing with those on their respective distractors,

starting from 500 ms after the target onset. This may suggest the successful

manipulation of the contextual strength. Furthermore, the DR varied greatly as

compared with the distractors from 901 ms to 1300 ms entailed that context influence

emerged 400 ms earlier for contextually-selected semantic associative words than

they did for the contextually-unselected semantic associative words. This is consistent

with all accounts of the subordinate bias effect, which reflected the rapid use of

context. The intriguing findings were that first, DR attracted more fixations than its
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relative distractors even in the strongly subordinate-biased context. Second, the time
course of the activation of dominant meaning revealed that the associated semantic
representation of the context-unselected meaning was fairly weak since the
context-selected meaning arrived early prior to the target-offset. Together, these
finding showed the subordinate bias effect and thus supported the competition
account and reordered access model, but it is not consistent with frequency account

and selective access model.

Table 14. The average fixation proportions to each type of words at acoustic target
offset and 200 ms after the target offset across three conditions in Experiment 2

Type of word

Time Region (milliseconds)

DR SR UR
1.homograph condition
p(fix) at offset 0.21 0.31%** 0.20
p(fix) at offset+200 ms 0.26%** 0.32%** 0.18
2.monograph condition MSR UR
p(fix) at offset 0.347*** 0.19
p(fix) at offset+200 ms 0.35%** 0.19
3.target condition TAR UR
p(fix) at offset 0.49%** 0.15
p(fix) at offset+200 ms 0.56*** 0.11

Note: Difference score to UR p < .05 for participants*
Difference score to UR p < .01 for participants **
Difference score to UR p < .001 for participants ***
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The average utterance duration of target homographs was 800 ms, so the

linguistic context began to affect looking to SR prior to homograph offset. It is likely

that context influences reflect initial lexical access of spoken word before the

information of whole word was available. In our experiment, the meaning relatedness

of SR was not different from that of DR according to the rating results. Therefore, it is

likely to rule out the possibility of any preference of looks towards either semantic

associate. In the subordinate biasing context, subordinate meaning was activated

earlier than dominant meaning before the ambiguous word was available. In

subsequent, from 901 ms to 1300 ms, both meanings are activated in the same time

window. At later time, the meaning was revised and selected in order to arrive at a

coherent contextual interpretation. As for the status of the unselected meaning under

the constraining context of subordinate meaning, we may also provide the temporal

evidence of dominant meaning activation the time course from 901 ms to 1300 ms. It

appears that the subordinate-biased context did not completely eliminate the dominant

meaning, instead, it was activated independently and took its advantage gradually on

the basis of lexical dominance, namely, the stronger strength of form and meaning

mapping. In short, the dominant meaning was activated but was delayed because of

the contextual biasing to the subordinated meaning. This evidence seems to rule out

the selective access model, which posits the dominant meaning should not be
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activated at all. On the contrary, our data tend to support the predictions of the fate of

unselected meaning proposed by reordered access model. That is, even the strong

subordinate biased context did not override the automatic activation of the dominant

meaning. However, the fixation proportions to the dominant meaning are rather fewer

than those to the subordinate meaning. It seems that we cannot completely rule out the

possibility that the initial activation of the dominant meaning was modulated by the

contextual information. It is likely that a strong subordinate biasing context may

decrease activation of the dominant meaning.

Falk Huettig and McQueen (2007) have shown that semantic information was

not retrieved when using printed words as visual stimuli. They suggested that because

reading a word provided much more direct access to phonological knowledge. It was

true for alphabetical languages and may be not the case for Chinese. We found

fixation proportions towards the printed word fully matched with the spoken target

diverged from those towards the unrelated distractors at 400 ms. The results were also

similar to Mcqueen and Viebahn (2007) which found significant fixation proportions

towards offset mismatched bisyllabic word at about 400 ms (corresponding to the

onset of the final phoneme). The semantic information was retrieved at 500 ms in the

present study, finding that phonological and semantic information are accessed at

different time and play comparable roles during word recognition in Chinese.



Chapter 6

General Discussion

6.1 Dynamic processing of context influence and meaning dominance

The results from the present two eye-tracking experiments demonstrate the

interaction of contextual influence and lexical activation during lexical ambiguity

resolution. In Experiment 1, the fixation times of homographs were compared to those

of low frequency unambiguous words. Subordinate bias effect emerged consistently

as the control used form-matched unambiguous word (Sereno et al., 1992). Sereno et

al. (2006) found SBE was not attenuated even in a strongly biasing context. They

suggested the reason may be due to the special situation that the word form of

ambiguous word was a HF word but its functional link to context was subordinate in

terms of meaning. However, the results from Experiment 1 indicated that SBE

occurred as the homograph was an LF word both in terms of its word form and

meaning.

Experiment 2 provides a comprehensive time course of lexical ambiguity

resolution on spoken word recognition which reveals the temporal information of the

contextual influence on lexical activations. When listeners are given sufficient

contextual information, they produce a greater fixation proportions towards the

contextually-selected semantic associative words. The consistent results were found in

79
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both homograph and monograph conditions that context influences occur from about

500 ms, shortly after the acoustic onset of the target word. This may indicate that at an

earlier stage, the context is acting on the access of the subordinate meaning of the

homograph. We found the dominant meaning was activated from 901 ms to 1300 ms,

approximately after the acoustic offset of the spoken target and before the completion

of next word. The converging evidence from both visual and auditory presenting

experiments shows the robust SBE and the activation of the dominant meaning.

We then compare our results with those in cross-modal priming studies to gauge

the theoretical implications of temporal dynamics of lexical activation and contextual

influence. Generally, two levels of semantic access are distinguished based on the

results of lexical decision studies. Pre-lexical stage involves word recognition and

meaning activation, while post-lexical stage deals with semantic selection and

integration. Onifer and Swinney (1981) presented sentences that biased for the

dominant or for the subordinate meaning of an ambiguous word. The results

demonstrated the activation of multiple meanings irrespective of the context when

presenting visual target word at the auditory offset of ambiguous words. According to

the exhaustive or multiple access model, context can only penetrate lexical activation

at post-lexical stage, but not at the earlier stage. It is likely that the frequency effect

emerged after the multiple meanings associated with a word were accessed.
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Seidenberg et al. (1982) delayed the presentation of visual target until 200 ms or more

after the spoken homophone, by that time, demonstrating that a single meaning had

been selected after initially activating multiple candidates. It is assumed to reflect

post-lexical stage of using context to select an appropriate meaning.

From the results of our Experiment 2, sentential information aids the processing

of Chinese homographs from early on within the acoustic boundary of the homograph

in natural speech. The influence of sentential context is thus pushed to a much earlier

stage than what has been proposed by the multiple access model. At a subsequent

time, after the homograph is being heard, the dominant meaning is activated, thus

semantic competition occurs. However, it was hard to separate the stage of this

activation possibly occurred at the level of lexical or post-lexical processing. So it

may be more likely to view the lexical ambiguity resolution as the continuous graded

constraint of context and frequency effects rather than an order-based of two-stage

processing for different meanings (Mirman, 2008). In terms of continuous graded

constraints, it seems that both contextual bias and meaning dominance are used in

parallel by the comprehenders. Two implications thus can be drawn from these

findings, first, contextual information affects the ambiguity resolution occurring early

before the acoustic offset of homograph. Second, the context reorders the processing

of different meanings, the unselected but frequent meaning becomes activated later.



82

6.2 The competition account of subordinate bias effect

Both reordered-access and selective-access models predicted the rapid and early

use of context. Consistent with both models, experiment one have shown context

affected the fixation proportions on the subordinate meaning (SR associate), starting

from 500 ms after the homograph onset. However, the discrepancy of the two models

lies in whether the dominant meaning was activated. Our results are more consistent

with the reordered access model according to the two findings reported here. First, in

Experiment one, longer processing time is demonstrated in both target and post-target

region when readers process ambiguous words. Under the selective view, no initial

processing time cost should be observed when the context is sufficiently constraining.

Second, in Experiment two, the dominant meaning (DR associate) attracted more

looks of fixations than those to the unrelated distractors and above chance level even

in the subordinate-biased context. Two meanings were activated at the same time,

therefore, competition or processing difficulty occurred which were evident in longer

fixation durations in experiment one, supporting the reordered access model. In sum,

the dominant meaning was still available though it was delayed. Therefore, the

selective access view was ruled out and the homographs were not merely treated as

low frequency words.

Another issue was how the context affected the status of contextually-
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inappropriate meaning. According to reordered access model, two meanings are

activated independently. Contexts speed access to the appropriate meaning, while no

effect was on the activation of the inappropriate meaning. On the other hand, based on

selective access model, given sufficiently constraining contextual information, only

the contextually-appropriate meaning should be activated; therefore, the inappropriate

meaning is not supposed to be activated after selection. In Experiment two, the

dominant meaning occurred shortly after the offset of the homographs. The theoretical

implication lies in the automatic processing in terms of their relative meaning

dominance associated with the ambiguous words.

6.3 Time course of activation of ‘unselected’ semantic representation

Multiple access of both selected and unselected meanings is inconsistent with the

prediction of selective access model, which posits the elimination of the SBE in

strongly biasing contexts. As we have discussed, both our norming data and the

immediate effects of context suggest that our subordinate-biased contexts were truly

strongly biasing. Generally, both reordered access and selective access model are

capable of accounting for the early penetrate of the context. However, although the

activation of dominant meaning is consistent with reordered access model, the relative

time of activation is not accounted by reordered access model.
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The meanings of individual homonymy are also represented separately in the

mental lexicon which may lead to the ambiguity effects. Therefore, there would be

more differentiated semantic representations for the dominant and subordinate

meanings of biased homographs. The advantage for high-frequency meaning of

lexical ambiguity resolution is that higher frequency words have stronger bottom-up

connections since they have been used more. The results of Dahan et al. (2001) and

Magnuson, Dixon, Tanenhaus, and Aslin (2007) showed that word frequency or

meaning frequency effects on spoken word recognition occurred early and increased

gradually. The dominant meaning activation from the present results can become

active only after the activation of the subordinate meaning.. It indicates that the

biasing contextual information may change the order of activation, which

demonstrated the situation of contextual re-ordering. However, in the present study,

the activation of subordinate meaning may be due to both contextual facilitation and

lexical meaning itself. Therefore, the context effect should be build up first in an

attempt to separate two sources of meaning activation. Alternative possible

explanation for the delay of the dominant meaning is taken from the perspective of

speech perception. Frauenfelder et al., (1990) suggested that lexical effects tend to be

strongest after the uniqueness point when the context become explicit to a particular

word. Therefore, the stronger form-meaning mapping in lexicon represented the
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dominance after uniqueness point. Moreover, the dominant meaning somewhat

maintained active until 2800 ms. It may result from the task demand in experiments of

visual world paradigm. Listen-only task features its unconstrained nature of free

viewing and listening; however, no explicit selection of visual targets may be the

reason that the fixations proportions of the dominant meaning did not gradually

decrease even though it was the contextually-inappropriate meaning.

The relative timing of accessing form and semantic information of ambiguous

word can be demonstrated by the time course of activating contextually-selected and

-unselected meanings. When listeners hear an ambiguous word embedded in context,

contextual information and meaning dominance are combined to resolve the

ambiguity. The initial activation of semantic representation was due to the function of

context biasing. At subsequent, the unselected semantic representation was also

activated because of its meaning dominance. After revising the inappropriate meaning,

a single plausible meaning was selected and integrated into text representation. In

short, we can conclude the successful ambiguity resolution depends on the continuous

on-line interaction among contextual, lexical, and syntactic information carried in the

sentences. This is similar to the real world communication, the discourse, pragmatic,

and syntactic factors are combined to determine sentential interpretations.
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6.4 Future Research

First of all, in order to further investigate how the context affects the activation

of both dominant and subordinate meanings, additional neutral contexts would be

needed, so as to further provide strong evidence to support the context reordering.

Then, in terms of the experimental stimuli, we did not use meaning-frequency

matched unambiguous words because Chinese homographs are basically

low-frequency words. If the homographs with relatively higher frequency can be

utilized, it may provide more direct evidence to examine the frequency account. More

specifically, if the access is selective, processing of a biased homograph in a context

that supports the subordinate interpretation should be similar to processing of an

unambiguous word matched the subordinate meaning frequency.

On the other hand, another issue is the relationship between syntactic-category

information and semantic ambiguity resolution. Most research of lexical ambiguity

resolution have used ambiguous nouns or verbs as the target words, but the

homograph with syntactic category ambiguity, such as 7#47 which bears two

meanings with different word class: “celebrate the day” or “enmities” is another

interesting issue for further research. Whether the syntactic category information can

facilitate ambiguity resolution and the subordinate bias effect is eliminated by the

syntactically legal continuation of the sentential context can provide theoretical
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explanations for the interplay of syntactic and semantic processing.

Moreover, one of the advantages of using visual world paradigm lies in its

simple and natural task. The unconstrained nature of free viewing of picture displays

and listening are particularly suited for studies with young children or some special

populations, such as, individuals with specific language impairment, with mild

Alzheimer’s disease or with autism. The issue of ambiguous words’ processing can

also be applied to examine the developmental differences on how context influences

homonym processing as children acquire more knowledge of lexical meaning at

different ages. Booth, Harasaki, and Burman (2006) investigated both lexical and

sentence level context effects by asking children (9-, 10- and 12-year-olds) to read

aloud written sentences that biased either the dominant or subordinate meaning of a

sentence-final homonym or that were ambiguous. The results showed a lexical level

facilitation for dominant and subordinate meanings regardless of biasing context for

younger children or lower skill readers. In contrast, no lexical level, but a reliable

sentence level facilitation was found for targets consistent with the sentence context

for older children or high skill readers. It seems that the older or higher skill readers

are better to use sentential context to facilitate the contextually-appropriate meaning

of homonymy than younger or lower skill readers. Numerous studies with adults have

shown processing differences between unbalanced and balanced homonyms. The
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factor of meaning dominance could be examined in age differences in future

developmental studies.
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Appendixes

A. Examples of questionnaire in Norming study two: Meaning Relatedness Task
(Experiment 1)
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B. Norming study four: Contextual Bias Task (Experiment 1)
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Homographs
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D. Experiment materials of Experiment 2

Critical spokenword ~ Dominant Competitor Subordinate Competitor

Exp set (homograph/monograph) (DR) SR) Unrelated 1(UR) Unrelated 2(UR)
SET1 St/ bt BH AR T+
SET2 AT HE fw B PRI
SET3 JEM\F MHiEE Z# FE Fl
SET4 bakitpanli & EES Bl V=i
SETS BRER HH e N HUF
SET6 A L] B HIE B[R
SET7 JEE&R/ECIR PR g sk gl
SET8 ERIE I Jifir E=¢ T
SET9 RGN HFE TER HE A&

SET10 1 ey /g Fh HEH R faH

SET11 B AL EFF AT 3 Bk

SET12 mE=yim (s s SR B R

SET13 A=A s £ A A

SET14 FOHE/E 5 FI%E etz e BT

SET15 HeSH IR Ei=tEd E% TEH B2

SET16 FETCHET (ELL PN 5] yilEa

SET17 FTEEFTHL B R 7 BHTE

SET18 K/ TEfER pitass hogit HRRk

SET19 LTl FEHT EiBES bk B4

SET20 BT/ R sUE ideg SHLH

SET21 FASH/E TR Hatd oA SLo| FTid

SET22 En%z JLicz pia7 /4 =i B ZE

SET23 TR E e | THA % ELD

SET24 iz pialb il Bk Hi5E B4 s}
Filler Critical spoken word Visual Target Unrelated 1 Unrelated 2 Unrelated 3

SET25 T& & E Ktz mrf T

SET26 Pl PRI 540 (S B

SET27 HEAT HE4T EHIE T A

SET28 TERR TRk B FE fle

SET29 B B il S i

SET30 & & HafL | &t

SET31 F F | i =5

SET32 s DA’ L IR &y

SET33 HRE it 52 Bk SR

SET34 U EE U BE i Eil R

SET35 i IR T el s

SET36 heiE e Tt L fBr

SET37 s a3 bea s o3l BikpR

SET38 Hif Hif HE KIF F

SET39 Etl ZE4% =S W SR

SET40 HIE HETE b e il

SET41 {557 567 HEpE E4 P

SET42 GiEpE] iy el {ERE Wk

SET43 (e () B IgGER 1B

SET44 fHE HE g P eIk

SET45 58 it e ek L=t [E27S

SET46 i Rl Hfss i b

SET47 ThE %% TEr e FE

SET48 pAe] e PEFE S ERES






