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Abstract Constraints of lexical tones on semantic activation on the recognition of spoken words in Chinese were investi-

gated in three crossmodal priming lexical decision experiments- In Experiments 1 and 2. disyllabic compound words that

shared the same segmental templates but differed in lexical tones (e-g-» tiao4 yued. jump vs- tiaoZ yuel. treaty: num-

bers denote tone types) were used as auditory primes while words that were semantically related to one of the pairs were

visually presented for lexical decision- The semantic primes and the tonemismatch primes differed in tones of the first,

the second: or both syllables- In Experiment 3. nonword tone-mismatch primes were created by changing the first or the

second tones of semantic primes- The similarity between the original tones and the resulting tones was also manipulated-

It was found that the appearance of significant priming effects for the tone'mismatch primes depended on lexical competi-

tion environment s the goodness of fit between input tones and underlying tones: and the constituent position of mismatch-

ing tones- The results are discussed in terms of how tonal information in speech input is mapped onto the lexicon, how

tonal information is represented in the lexicon, and how tonal constraints on semantic activation are influenced by competi-

tion environment -

Key words

Introduction

The role of suprasegmental information carried
by the pitch or amplitude contour in lexical access and
semantic activation of spoken words has been the fo-

[1~7

cus of attention only in recent years » yet system™
atic studies of spoken word recognition began more
than 20 years ago- This state of affairs reflects the
fact that most current theories of spoken word recog-
nition: such as the Cohort model !*{he Distributed
Cohort Model !'the TRACE model!"). the Shortlist
model!*!. and the Neighborhood Activation Mod-
"), ware developed on data from experiments in
English: in which suprasegmental information by it~
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spoken word recognition, semantic activation, lexical tone: cross'modal priming-

self does not play a strong role in lexical semantic acti-
vation "'However. there are many languages in the
world that use suprasegmental information to differ-
entiate lexical items- For example, some words in
Spanish differ only in stress (“Mhndarin Chinese uses
tones of individual syllables, i-e- . the pitches carried
by the vocalic part of syllables %o disambiguate
monosyllabic morphemes that would be otherwise ex-
tensively homophonic- In Mandarin Chinese there are
four different tones: high-level (Tone 1), highrising
(Tone 2), low-dipping (Tone 3). and highfalling
(Tone 4)- These tones can be attached to the same
segmental templates: although not all the segmental
templates are accompanied by all the four tones- Thus
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the syllable ”yil” (numbers denote the tone patterns
in Mandarin Chinese) represents the morphemes 4X
(cloth), & ( medical), W (ant) etc, the syllable
“yi4” corresponds to % (easy. trade). ¥ (trans-
late). X (righteous) etc- The purpose of the present
study is to investigate how tonal information is used
to constrain semantic activation in the spoken word
recognition of Chinese, how the processing of tonal
information interacts with other processes, and how
tonal information is represented in the Chinese mental
lexicon-

Studies of segmental lexical access in spoken
word recognition have established at least two general
principles; multiple activation and lexical competi-
tion- Segmental speech input maps onto multiple un-
derlying lexical representations that are activated si-
multaneously- This multiple lexical activation com™
petes for the eventual recognition- Different models of
spoken word recognition, however, have different
suggestions for how multiple activation and how lexi-
cal competition is conducted on-line- For multiple ac-
tivation, the early version of the Cohort model
é%phasizes the sequential matching of speech input
and underlying phonological representations in the
lexicon- Lexical candidates (i-e-, the word-initial
cohorts) are firstly established on the basis of the ini-
tial input syllable- Underlying representations that
match the initial syllable are activated and underlying
representations that do not match the initial syllable
could never be candidates for recognition in initial ac-
cess- As more speech input comes in, candidates that
continue to match the input will stay on and get a
boost in activation level while candidates that no
longer match the input will begin to de-activate and
drop out of the cohort- A word is recognized only
when one word is left in the cohort-

However: other models of spoken word recogni-
tion, including the later version of the Cohort model (°]
emphasize the global goodness of fit between speech
input and underlying representations, rather than the
strict sequential matching, in determining what rep-
resentations are activated as lexical candidates- A
word can still be a lexical candidate if speech input
does not deviate too much from its underlying phono-
logical representation, whether the mismatch is at the
beginning, the middle; or the end of speech input- A
mismatch at the initial position may still exert more
influence on lexical activation than a mismatch at oth-

er positions, but this is not due to sequential match-

ing per se but due to the dynamics of activation and
competition, as in the TRACE model Lll‘ﬂJnderlying
representations that match the speech input best will
have a higher activation level than underlying repre-
sentations that deviates more from speech input

What then is a tolerable degree of mismatch’
There is some variability in the answers that different
experimental techniques provide- For example; Con-
nie: Blasko. and Titone ¥olind that nonword speech
input deviating from the underlying representation in
terms of a single feature could activate the semantic
representation of the base word even if this mismatch
was at the beginning of the word, but speech input
that deviated more severely could not- On the other
hand: some experiments found that even a single fea~
ture mismatch has a strong effect on lexical activa-
tions- For example, a study using French by Frauen-
felder. Scholten & Content &xamined the effect of
single feature deviation on lexical activation using
phoneme monitoring- If a deviation such as focabu-
laire for vocabulaire results in activation of the lexical
item, then there should be facilitated responding
when one of the phonemes in the word (e-g- the fi-
nal /1/ of vocabulaire) is a target for phoneme moni-
toring- Frauenfelder et al- found facilitation, but on-
ly when there was a sufficient delay between mis-
match position and target phoneme. SotoFaraco et
al-Mfound similar strong and immediate effects of
single feature deviations using cross'modal priming-

Lexical competition may also be relevant to the
goodness of fit issue, depending on how competition
is conducted- In the Cohort model; lexical candidates
passively decay and drop out of the word-initial cohort
mainly because of their mismatch with speech input
and the bottom-up inhibition from mismatched seq-
ments- Different words in the same cohort do not
compete with or inhibit each other directly (P most
other models, however, there exists lateral inhibition
among lexical candidates- A word having a higher ac-
tivation will exert large inhibition on competing words
with lower activation level. This competition takes
place not only among lexical candidates in the same
word-initial cohorts but also among candidates that
deviate from the speech input in the word initial,
middle; or final position- A word suffering from mis-
match may still play a role in the ongoing lexical com~

petition; although its activation and the competitive
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strength depend greatly on the degree of its match/
mismatch with the speech input- A striking demon-
stration of the influence of lexical competition on mis-
match effects involved the manipulation of voice onset
time for initial consonants of monosyllabic words (>
This manipulation can create tokens that are acousti-
cally intermediate between two minimally differing
phonemes (e- g-: between (/t/ and /d/). When
these ambiguous phonemes were placed in contexts
for which only one alternative was a word (e-g- » [t/
dJask: where task but not dask is a word), there was
evidence of activation of the word alternative despite
the minor mismatch- However: when both alterna-
tives were words (e-g-» [t/d]ent, where tent and
dent are words) there was no evidence of lexical acti~
vation- Therefore; in some cases the mismatching ef -
fect of a deviation depends critically on the lexical
neighbourhood of the word. Some uncertainties about
the goodness of fit computation in speech perception
remain, but in terms of segmental mismatch, the
constraints of mismatching information on the activa-
tion of underlying phonological and semantic repre-
sentations appear to be determined jointly by the de-
gree of mismatch, the position of mismatch, temporal
factors, plus the properties (such as the frequency
and the number) of other lexical competitors-
Evidence supporting the above general principles
comes mainly from studies on the effect of mismatch-
ing segmental information on lexical activation- Stud-
ies of the role of suprasegmental information in spo-
ken word recognition concentrate mostly on its useful~
ness in speech segmentation [Elsgezflzﬂ for a review ).
However; a few recent studies do address the extent
to which suprasegmental information constrains the
lexical access and semantic activation of individual
words- Using gating and repetition priming lexical
decision tasks. Cutler and Otake fotind that Japanese
participants are sensitive to pitch-accent information
in lexical selection and lexical activation- For Span-
ish. SotoFaraco et al- [showed that mismatch in
stress, like vowel or consonant mismatch, has strong
effects on response speed in a fragment priming lexi-
cal decision task - Furthermore, Cutler and Van Don-
selaar fotind that Dutch word pairs differing only in
stress are not treated as homophones and are not acti-
vated in parallel when one word of the pair is heard-

This contrasts with the findings of an earlier study in

0]

English (W hich showed multiple semantic activation
of English words differing only in stress- This differ-
ence between languages suggests that suprasegmental
stress information is used to constrain semantic acti~
vation in Dutch but not in English: and that the use-
fulness of suprasegmental information in constraining
lexical access and semantic activation depends to a
great extent on the extensiveness of this information
being used in the language to differentiate lexical
items- Even in English, however, suprasegmental ef -
fects on lexical activation can be found- Davis,
Marslen-Wilson & Gaskell®®”) showed that differences
between phonemically identical syllables in mono~ and
polysyllabic words (e-g-, the syllable ”cap™ in cap
and captain) could be used to influence lexical activa~
tion- Their experiments suggested that syllable dura-
tion is used as a weak source of discriminating infor-
mation between words of different lengths, reflecting
the fact that longer words in English tend to contain
shorter initial syllables-

For tonal information in Chinese, earlier studies
were mostly concerned with the acoustic and percep-
tual aspect of speech processing- These studies ad-
dress issues such as the importance of fundamental
frequency (FO). amplitude. and length in the per-

. [16,29~31]
ception of tones .

In general: they do not
provide clear and consistent answers to the questions
of how tonal information is represented in the mental
lexicon; how tonal information in speech input is
mapped onto underlying lexical representations, to
what extent tonal information is used to constrain lex -
ical semantic activation, and how lexical competition
environment influences the processing of tonal infor-
mation- A study by Cutler and Chen [i5kd the lexical
decision task to nonwords created by altering either
the consonants, vowels, or the tones of the second
syllable of compound words; and found that tone-al-
tering nonwords were much more difficult to reject
than segment-altering nonwords- The authors con-
cluded that tonal information becomes available only
later than the associated segmental information. This
conclusion, however, is contradicted by the finding
that compound words differing only in tones (i-e-,
tone neighbors. such as “tiaoZ yuel”. treaty and ”
tiao4 yued”, jump) inhibit each other in crossmodal
and visualvisual priming lexical tasks (%]

Other studies also examined the constraints of
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tonal information on lexical semantic activation- Ye
and Connine 'adked participants to monitor for either
vowels or tones of spoken syllables and found that in a
neutral context tone monitoring elicited slower re-
sponses than vowel monitoring: perhaps suggesting
that tone information was less available than vowel in-
formation- However, the difficulty was reversed
when target syllables were embedded in highly con-
straining semantic contexts (i-e-, idioms rather than
in phrases), showing that lexical information can in
some circumstances make tone information more
prominent than vowel information- Moreover, the
similarity between target tones and mismatching
tones modulated the monitoring latency, showing a
graded effect- Bi [%)]resented participants with non-
word speech input that deviated from base words ei~
ther in terms of syllableTinitial consonants or in terms
of tones, and participants made lexical decisions to vi~
sual probes that were either the base words them-
selves or were semantically related to the base words-
No priming effects were found for semantic probes:
suggesting that mismatch in tones can effectively
block access to the base word semantic representa~
tions-

The present study employed cross'modal seman-
tic priming to investigate more systematically the con-
straints of tonal information on lexical semantic acti-
vation in speech recognition of Chinese spoken words-
In this paradigm a disyllabic compound word is pre-
sented auditorily as a prime, while a semantically re-
lated word is presented visually for lexical decision-
Typically, the spoken input will activate the corre-
sponding meaning in the lexicon, and facilitate pro-
cessing of the probe word, due to the overlap in
meaning- By measuring the response to the visual
probe we can gain knowledge about how tonal infor-
mation in speech is mapped onto underlying represen-
tations and used to constrain their activation, and
about how tonal information is represented in the lex -
icon-

Crucially for the present study, a visual probe
(e-g-» "benl pao3”, run) is preceded not only by a
semantically related auditory prime (e. g-. 7 tiao4
yued”, jump). but also by an auditory prime (e-q- -
“tiaoZ yuel”. treaty) that shares the same segmental
template with the semantic prime but differs in tones-
At the segmental level, both “tiao4 yued” and “tiaoZ

yuel” should activate the two words phonological
representations in the lexicon- However, the tonal in-
formation in the speech input of one word may create
mismatch with the lexical representation of another
word- That is. although the speech input of “tiao2
yuel” activates the segmental phonological represen-
tation of “tiao4 yue4”, the tonal information in the
speech input does not fit the suprasegmental or tonal
phonological representation of “tiao4 yued”. If tonal
information is used immediately to constrain semantic
activation, this tone mismatch between speech input
and the underlying phonological representation may
cancel or inhibit the activation of segmental informa-
tion: leading to no semantic activation of ” tiao4
yued”. However, if tonal information, compared
with segmental information, plays only a secondary
role in the processing of spoken Chinese, the mis~
match of tonal information may not completely block
semantic activation of the segmentally matching
neighbor (i-e-, the semantic prime)- The response
to the visual probe may still be facilitated to some ex~
tent by the tone mismatch prime-

We conducted three experiments- In Experi-
ments 1 and 2, we asked whether mismatch of one or
two tones in the speech input of disyllabic primes
would reduce or even eliminate semantic activation of
their base words- The tone-mismatch primes here
were real words themselves and had their own repre-
sentations in the lexicon- The activation of these rep-
resentations by the speech input of tone mismatch
primes may create competition for the activation of
base words: reducing semantic priming for visual
probes- In Experiment 3, we used nonwords differ-
ing only in the first or the second tones from base
words as tone mismatch primes- These nonwords did
not have their own representations in the lexicon and
hence could not create competition for lexical activa~
tion of the base words-

We also asked whether mismatch in the first or
the second tone of the disyllabic speech input would
have different consequences on the semantic activation
of base words- This question is related to the issue of
whether the first syllable of speech input plays a fun-
damental role in spoken word recognition[&17’33’34]‘
We further asked whether tonal information is repre-
sented in the recognition system in terms of categori-

cal tone patterns or in terms of fine grained tonal fea-



43

JE AR AR + DU T S RN T 7 U8 17 JE X 7 S B4 ] 24 44 1

383

tures- According to some phonological theories 3
tones in Mandarin Chinese can be further decomposed
into tonal features, such as tone contour and their rel-
ative height of pitch- Some tones are more similar to
each other than other tones because they share more
features- Using a phonological judgment task in
which participants had to judge whether a pair of con-
secutively presented characters were homophones
(disregarding their tones), Zhou and Marslen-Wilson
fotnd that characters having similar tones were re-
sponded to faster that characters having dissimilar
tones- Since characters do not carry tonal information
in their visual form, this effect reflects the activation
of tonal information, which is represented in terms of
features in the lexicon F'In the present study, we ma-
nipulated the similarity between tones in the speech

input of mediated primes and the corresponding tone

representations of base words- Most studies of

suprasegmental mismatch effects have used binary
[4,26] .

contrasts - Here; however: we have something

more akin to the segmental deviation studies: in
which the strength of the tonal mismatch can be ma-
nipulated; to examine whether further parallels exist
between segmental and suprasegmental match and

mismatch -
2 Experiment 1

Experiment 1 examined whether disyllabic spo-
ken words (e-g-: “tiaoZ yuel”. treaty) would acti-
vate the underlying representations of words deviating
in both tones (e-g-» “tiao4 yued”. jump)- If tones
play an immediate role in constraining lexical process-
ing of Chinese, the speech input should activate its
own lexical representations but should not activate the
semantic representation of the tone mismatching
word- Consequently the processing of a visual probe
(e-g-> 75 “benl pao3”, run) should be facilitated
by presenting its semantic associate “tiao4 yued”
(jump ), which will be referred to as the “base
word”, but should not be influenced by the presenta~
tion of a word differing in tones from the base word
(e-g-> “tiaoZ yuel”, treaty). which will be referred
to as the "tone mismatch” prime- On the other hand,
if tones have no strong or immediate effect on lexical
access; words differing in tones are virtually homo-
”tiao2 yuel” should be able

to activate semantic representations of both ” tiao2

phones and presenting

[35

]

yuel (treaty)” and tiaod yued” (jump). Conse-
quently lexical decision to the visual target ¥
(benl pao3, run) should be facilitated by “tiaoZ
yuel”. even though it is not semantically related to
the input word directly -

To examine potential competition between se-
mantic activation of base words and tone mismatch
words. the relative frequency between the base words
and tone mismatch words was manipulated- If words
differing in tones are virtual homophones, semantic
activation of the lower frequency primes could be re-
duced due to competition and inhibition from their
higher frequency neighbors- Consequently: the prim-
ing effects for lower frequency primes could also be
reduced -

2.1 Method
2.1.1 Design and Materials

The experimental design and sample stimuli are
presented in Table 1. Three groups of stimuli were
selected according to the relative frequency of the se-
mantic primes (the base words) and the tone mis-
match primes- Each group had 21 pairs of base words
and tone mismatch words. The average frequencies of
these words for the three groups are presented in
Table 1. The frequency information came from the
Institute of Language Teaching and Research (1986)
corpus of 1. 3 million words- Frequencies listed in
Table 1 (and the following Tables 3 and ) have been
Visual

probes were selected from semantic associates of the

transformed into occurrences per million-

base words- Unrelated control primes were created by
re-pairing the tonemismatch primes and visual probes
within each group.- Thus in each frequency group
control primes and tone'mismatch primes were the
exactly same set of words- Tonemismatch primes
and control primes had no phonological or semantic
relations with targets- Control primes were matched
to tone'mismatch primes rather than to semantic
primes because the most important empirical question
here was to check whether there were priming effects
for tonemismatch primes. The direct semantic prim-
ing effects from base words should be robust enough
to withstand differences in the frequency of control
primes-

The critical primes and their visual probes were
assigned, in a Latin Square design, to three counter-

balanced test versions- In each version, there were 21
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semantic prime visual target pairs. 7 from each of the
three frequency group- Each version also included 21
tone mismatch-target pairs and 21 control prime-tar-
get pairs- Filler word-word and wordnonword pairs
were then added to the three test versions: Among
the 87 word-word pairs, 15 were semantically relat-
ed- The other 72 pairs of primes and targets were
neither semantically nor phonologically related- The
150 word nonword pairs had no phonological relations
between primes and targets- The two-character non-
word targets were created by randomly combining

characters that were not used in the critical stimuli-

Although characters used in nonwords were them-
selves meaningful morphemes, they did not form in-
terpretable meanings for the nonwords. Thus in each
test version, there were 300 prime-target pairs, with
half of the targets requiring ”yes” responses in lexical
decision and the other half requiring “no” responses-
Among the prime-target pairs, 36 (12%) were se”
mantically related and 21 (7%) were pairs in which
targets were preceded by words that deviated in tones
from their semantic primes- There were also 30 pairs

of practice items that had a similar composition-

Table 1 Experiment 1. Design and Sample Stimuli

Auditory Priming Type

Stimulus Group

Visual Probe

Base Word Tone Mismatch Control
Base.Word tiao4 yue4 tiaoZ yuel banl fal Edilo)
Dominant ek &4 Mk benl pao3
Jjump treaty issue run
Frequency 133 6 6 111
Equal Jiu3 jingl jiul jing4 bianl jied HREL
Frequency K R WBH ran2 liao4
alcohol ever boundary Suel
Frequency 14 12 12 54
Misn.latch xian4 jinl xianl jind qgul jit Ea
Dominant W4 eiin it zhil piao
cash adv anced estimate cheque
Frequency 15 72 72 24

A pseudorandom sequence was used to arrange
the stimuli in each version in such a way that. across
the three test versions, the same target appeared at
the same position- The only difference between ver-
sions was that the primes for a particular critical tar-
get were different- There were never more than 4
consecutive targets requiring the same responses-
Primetarget pairs with the same relations were
roughly evenly distributed across a test sequence-
There was a break after practice and two breaks in
the main test session- The first three primetarget
pairs after each break were always fillers-

2.1.2  Procedures
Mandarin Chinese recorded all the auditory primes on
DAT tapes- These stimuli were then digitized and

A female native speaker of

stored as individual computer files- Visual probes
were created in 48-point songti font- Words and non-
words were about 2.4X3.8 ¢m in size-

The presentation of stimuli to participants and

recording of reaction times was controlled by the ex-

perimental software VMASTR and DMASTR. which
was made available to us by Ken and Jonathan Forster
of the University of Arizona- Control files were con-
structed to play auditory primes through headphones
to participants, who were tested in groups of three or
less in a session- Participants were told that all the
words they heard through headphones were real
words and they had to listen carefully - On about 10%
of trials participants were given time, after making
lexical decision. to write down what they just heard-
Participants were also asked to judge as quickly and as
accurately as possible whether the visual probe in each
trial was a real word or not, and press the corre-
sponding button on a response box - Probes were pre-
sented at the offset of the speech at the center of the
computer screen- Participants were seated 50 to 60
cm from the screen- Response errors and reaction
times. measured from the onset of target words;
were automatically recorded by computers for each

participant and each item- Responses slower than



4 3 JE AR AR + DU T S TR LN T 7S U8 17 JE X 7 S B4 ] 24 44 1 385

2000 ms were counted as errors- There was an inter-

trial interval of about 3 seconds-

2.1.3 Participants A total of 30 native speakers

of Mandarin Chinese from the Beijing area were test-

ed for the experiment. 10 in each test version- All

were undergraduate students from Beijing Normal U-

niversity and were paid for their participation-

2.2 Results
Participants = mean reaction times based on

untrimmed correct responses, and error rates are

Analyses
(ANOVAs) were conducted for reaction times and

summarized in Table 2. of variance
error rates,; with prime type as a within-participant
withintitem factor and frequency group as a within-
participant » between-item factor-

In the analyses of reaction time; the main effect
of prime type was significant. F1(2, 58)=7.275, p
<0.01, F2(2, 116)=15.086, p=<<0.01. Post hoc
Newman-Keuls tests showed that the 28 ms semantic
priming effect, compared with the control condition,
was significant ( p=~0.05); but there was no priming
effect for the tonemismatch primes ( p—0.1). Thus
the processing of semantic primes facilitated lexical
decision to the visual probes: but the processing of
auditory primes differing in tones from the semantic
primes had no effect on the processing of the visual
probes. The main effect of frequency group was not
significant; nor the interaction between prime type
and frequency group, F1<<1, FZ<C1. The pattern
of priming effects was essentially the same whether
the semantic primes had higher frequency than the
tone"mismatch primes or not- The analyses of error
rates found no effect at all (F1<<1, F2<1).
2.3 Discussion

The present experiment found that the process-
ing of visual targets was facilitated when they were
preceded by their auditory semantic primes, but not
by words that differed from the semantic primes in
tones. Clearly, the absence of a significant priming
effect for tone-mismatch primes indicated that tonal
information carried in their speech input was used im~-
mediately to constrain lexical access and semantic acti~
vation- Although the segmental information in the
speech input of the tone-mismatch primes could be
used to activate the underlying phonological represen-
tations of base words (semantic primes), the mis~

match in two tones was sufficient to cancel this acti~

vation, leaving no space for the semantic activation of
the base words- Moreover, the activation of a fully
matching lexical competitor may have reduced activa-

tion of the base word through lexical competition-

Table 2 Experiment 1. Mean Reaction Times (ms) and Er-
ror Percentages (in parentheses)

Stimulus Prlmlng Type

Base Word Tone Mismatch Control

Base Word 499 527 527
Dominant (0.5) (0.5) (0.9)

Equal 527 564 554
Frequency (2.4) (2.9) (1.9)

Mismatch 512 540 539
Dominant (1.1) (2.1 (4.2)

TOTAL 512 544 540

3 Experiment 2

Experiment 2 continued to investigate con~
straints of tonal information in speech input on lexical
access and semantic activation- While the speech in-
put of tone-mismatch primes in Experiment 1 deviat-
ed from the underlying phonological representations of
base words in both tones, the mismatch was reduced
to one tone in this experiment- This should increase
the global goodness of fit between speech input and
underlying phonological representations of base words
and hence increase the probability of the semantic
representations of base words being activated -

Experiment 2 also investigated whether the earli-
ness of tone mismatch plays a role in constraining ac-
tivation of underlying representations- This was car-
ried out on two groups of stimuli. one with tonemis-
match primes matching the semantic primes on the
first but not the second tome, and another matching
on the second but not the first tone-

3.1 Method

3.1.1 Design and materials The experimental de-
sign and sample stimuli are presented in Table 3.
Two groups of critical stimuli were selected- In the
first group (the Early Mismatch group ). semantic
primes and tonemismatch primes had the same seqg-
mental templates and the same second tones- In the
second group (the Later Mismatch group), semantic
primes and tone-mismatch primes had the same seqg-

mental templates and the same initial tones- Semantic
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primes and tone-mismatch differed phonologically in
the initial tones for the first group of stimuli and in
the second tones for the second group of stimuli- Vi~
sual probes were selected from the semantic associates

of the semantic primes (base words) - Each group had

30 pairs of semantic primes and tone-mismatch
primes- Unrelated control primes were created by re-
pairing tone-mismatch primes with the visual probes
in the same group- The mean frequencies of primes

and targets are reported in Table 3-

Table 3 Experiment 2. Design and Sample Stimuli

Auditory Priming Type

Stimulus Group

Visual Probe

Semantic Tone Mismatch Control
Early Mismatch wenl heZ wen3 heZ qut shi4 ]
AR Y& FAtt yanZ2 lid
geniality tally with die severe
Frequency 83 42 42 29
Later Mismatch qingl xinl qingl xin4 shiZ jil bEpL
THH 7®IE AL wul zhuo2
clear qullibility occasion grime
Frequency 40 94 94 40

Critical primes and their corresponding visual
probes were assigned, in a Latin Square design, into
three counterhalanced test versions- Each version
had 20 semantic primes: 20 tone mismatching primes
and 20 control primes. half of them coming from the
Early Mismatch group and half from the Later Mis-
match group- The same 60 word-word pairs and 120
word nonword pairs were added to each version as
fillers- These fillers had no semantic or phonological
relations between primes and targets- Nonwords were
created in the same way as in Experiment 1.

The recording and editing of auditory primes,
the presentation of stimuli to participants, the record-
ing of reaction times and error rates were conducted in
the same way as Experiment 1.

3.1.2

Mandarin Chinese from the Beijing area were tested,

Participants  Thirty native speakers of
10 for each version- They were undergraduate stu-
dents of Beijing Normal University and were not test-
ed for Experiment 1.
3.2 Results and Discussion

Mean reaction times. base on untrimmed. cor-
rect responses. and error percentages are listed in
Table 4. ANOV As were conducted for reaction times
and error rates respectively, with prime type as a
within-participant, within-item factor and stimulus

group as a within-participant s between-item factor-

Table 4 Experiment 2. Mean Reaction Time (ms) and Error

Percentage (in parentheses)

Priming Type

Base Word Tone Mismatch Control

Early Mismatch 594 616 619
(L.7) (L.7) (3-3)

Later Mismatch 599 628 628
(1.7) (3.7) (6.7)

TOTAL 597 622 624
(1.7) (2.7) (5.0)

As in Experiment 1. there was significant main
effect of prime type, F1(2, 58)=8.156, p=<<0.01,
F2(2, 216)=4.922, p<<0.01. NewmanKeuls
tests found a significant effect (27ms) for semantic
primes ( p<<0.05), but no effect for tone-mismatch
primes- The interaction between prime type and
stimulus group was not significant ( F1<<1, F2<1),
indicating that the earliness of tone mismatch did not
influence the pattern of priming- However; the anal-
yses of error rates found significant effects for both
semantic and tone mismatch primes. The main effect
of prime type was significant. F1(2, 58)=5.822, p
<0.01, F2(2, 116)=6.870, p=<<0.01, and New-
man-Keuls tests found a significant effect not only for
semantic primes (p <<0.05), but also for tone-mis-
match primes (p<<0.05). Fewer errors were com-
mitted when visual targets were preceded by tone-
mismatch primes than by control primes- The inter-

action between prime type and stimulus group was not
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significant, F1(2, 58)=1.257, p>0.1, F2(2,
116)=1.652, p=0.1, suggesting that the effects in
error rates were essentially the same for the two
groups of stimuli-

Thus, although not shown in reaction times. the
processing of visual targets was facilitated by tone-
mismatch primes, indicating that lexical representa-
tions of base words were activated to some extent by
the speech input of tone-mismatch primes differing in
one tone- Given the absence of such an effect in Ex-
periment 1 in which both tones were mismatched.
this experiment demonstrated that the global good-
ness of fit between speech input and underlying repre-
sentations is an important factor in constraining lexi-
cal access and semantic activation- The goodness of fit
takes into account not only the match and mismatch
for segmental information: but also the match and

mismatch for suprasegmental tones-
4 Experiment 3

Experiment 1 showed that two mismatching
tones were enough to block lexical access as measured
by semantic priming- Experiment Z showed that de-
viations of a single tone also eliminated priming of re-
sponse speed, although evidence of some activation
was present in the finding of a reduced error rate-
These two experiments have begun to narrow down
the range of tone deviations that are tolerated during
lexical access for a tone language- Clearly tone infor-
mation has an important role to play in the lexical
specification of spoken words- Experiment 3 extended
this approach, investigating the ineraction of several
factors that could influence the efficiency of tonal in-
formation in constraining lexical access and semantic
activation- The first factor was competition environ~
ment - In the previous two experiments; speech input
of tone"mismatch primes mapped not only onto lexical
representations of their base words ( semantic
primes), but also onto lexical representations of tone~
mismatch primes themselves- The activation of mis~
match primes created competition with the activation
of base words, even though this competition could be
modulated by the global goodness of fit between the
speech input of mismatch primes and base words- In
this experiment, we used speech input that did not
correspond to any lexical representations in the lexi-

con- That is; we used nonwords that were created

from base words by altering their first or second
tones- Such speech input is less likely to generate lex-
ical competition and more likely to activate the base
words-

The second factor investigated in Experiment 3
was the similarity between tonal information in
speech input and tones in underlying representations-
The priming effects for tone-mismatch primes in Ex-
periments 1 and 2 demonstrated the importance of the
goodness of fit between speech input and underlying
representations- In this experiment we went further
to manipulate the degree of similarity between mis-
matching tones and underlying tones: According to
some phonological theories of lexical tone [ Lome
tones, like Tone 2 and Tone 3, share more tonal fea-
tures than other tones and hence are more similar
phonologically - If tonal information in speech input is
represented at some level in terms of tonal features,
the activation of these representations should be influ-
enced by the degree of tonal similarity, just as phone-
mic similarity plays a role in the segmental matching
process- Speech input is more likely to activate the
relevant underlying representations if the input tone is
more similar to the lexically represented tone (i-e-;
having fewer deviating tonal features ). Consequently
the priming effect for tone-mismatch primes should
also vary as a function of this similarity -

The third factor we examined was; as in Experi-
ment 2, the constituent position of tone mismatch -
The speech input of mismatch primes differed from
their base words (semantic primes) either in the first
tones or the second tones- We did not observe signifi-
cant effects for this factor in Experiment 2. Howev-
er, the effect of the earliness of mismatch in tones in
Experiment 2 may have been overshadowed by lexical
competition between tone mismatch primes and base
words (semantic primes)- In this experiment. we
manipulated the earliness of mismatch in speech input
of nonwords-

4.1 Method

4.1.1 Design and Materials The design and sam-
ple stimuli are presented in Table 5. Two sets of se-
mantic primes and visual probes were selected respec™
tively for the Early Mismatch group and the Later
Mismatch group- Each group had 50 prime-target
pairs- The first syllable of the semantic primes (base

words) in the Early Mismatch group and the second
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syllable of the semantic primes in the Later Mismatch
group had the second or third tones.- Mismatch non-
word primes were then created by changing the initial
tone of the base words in the Early Mismatch group
and the second tone of the base words in the Later
Mismatch group- For the High Similarity nonword
primes: Tone 2 of the critical syllables of base words
was changed into Tone 3 and Tone 3 into Tone 2.
For the Low Similarity nonword primes: Tone 2 of
the critical syllables of base words was changed into
Tone 4, and Tone 3 into either Tone 1 or Tone 4.
For semantic primes, unrelated control primes were
created by re-pairing semantic primes with visual
probes- For nonword primes; control primes were
created by re-pairing Low Similarity primes with vi-
sual probes-

A Latin Square design was used to assign the
critical primes and the corresponding visual probes in-
to five counter-balanced test versions, with 10 primes
from each of the five prime types in each stimulus
group- Each test version now had 20 semantic
primes, 20 real words control primes, 20 nonword
primes with similar tone, 20 nonword primes with

dissimilar tones. and 20 nonword control primes-

Three types of filler primetarget pairs were then
added to each of the test versions- The first type of
fillers were 20 word-word pairs- The second type of
fillers were 60 word-nonword pairs and the third were
60 nonwordnonword fillers- Thus in each test ver-
sion there 120 visual targets that required “yes” re-
sponses and 120 required “no” responses- Among the
auditory primes, 120 were real words and 120 were
nonwords. There were also 24 practice prime-target
pairs with similar compositions as the formal test-
The recording and editing of auditory primes, the
presentation of stimuli to participants, the recording
of reaction times and error rates were conducted as for
previous experiments-
4.1.2 Participants

testeds 10 for each test version- They were native

A total of 50 participants were

speakers of Mandarin Chinese from the Beijing area-
They were undergraduate students in Beijing Normal
University and were not tested for Experiments 1 and
2.
4.2  Results

Mean reaction times and error percentages are
presented in Table 6. ANOV As were conducted sepa-

rately for word and nonword primes-

Table 5 Experiment 3. Design and Sample Stimuli

Auditory Priming Type

Stimulus Group

Visual Probe

Word Prime Nonword Prime
Semantic Semantic Control High Similarity Low Similarity Nonword Control

Early Mismatch 12 han4 hu2 die2 . . . Ja g

¥ R e yi3 han4 yi4 han4 hut die2 houljr hui3
it X SR s o

pity butterfly i ik o regret

Later Mismatch xinl qinz jian4 quanz xinl qin3 xinl qin4 jianAt quan4 ity
> an3 4

*H) ' T4 =4 0 ) lan3 duo

hardworking healthy lazy

Table 6 Experiment 3. Mean Reaction Time (ms) and Error Percentage (in parentheses)

Auditory Priming Condition

Stimulus Group Word Prime Nonword Prime
Semantic Semantic Control High Similarity Low Similarity Nonword Control
Early Mismatch 520 555 548 567 569
(3.1) (3.9) (2.0) (1.8) (2.3)
Later Mismatch 520 555 551 548 566
(1.8) (2.2) (1.2) (2.6) (3.8)

For word primes. it is clear from Table 6 that
there was no difference in the semantic priming ef-
fects for the Early Mismatch and Later Mismatch

groups- The combined effect (35ms) was highly sig-
nificant, F1(1, 49)=43.359, p<<0.01, F2(1,

98)=33.019, p<<0.01. More importantly, in the
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analyses of priming effects for nonword primes, the
main effect of prime type was significant. F1(2, 98)
=3.868, p=<<0.05, F2(2, 194)=5.463, p<0.
05. Newman-Keuls tests showed that the main prim-
ing effect for ” high similarity” nonword primes
(18ms) was significant ( p <<0.05), although the
main priming effect for ”low similarity” nonword
primes (10ms) did not reach significance- Although
the interaction between prime type and stimulus
group did not reach significance. F1(2, 98)=2.
135, p—=0.1, F2(2, 194)=1.822, p=>0.1, there
was some suggestion that the patterns of priming ef~
fects were different for Early Mismatch group and
Later Mismatch group for the “low similarity ”
primes- The 2-ms difference between “low similari-
ty” primes and control primes in the Early Mismatch
group did not reach significance in separate tests, but
the 18-ms difference in the Later Mismatch group did
(p=<0.035). The analyses of error rates showed no
significant results-
4.3 Discussion

The response time priming effects for tone mis-
match nonword primes: in comparison with the null
or weak effects for tone'mismatch real word primes in
Experiments 1 and 2, demonstrates the importance of
lexical competition in the semantic activation of spo~
ken words- In the present experiment, nonword
primes were used to examine the mismatching effects
of tone difference- These stimuli should not strongly
activate other words competing with the base words,
and the lack of lexical competition in this experiment
gave more opportunity for the mismatching speech in-
put to activate the lexical representations of the base
words-

The degree of mismatch between speech input
and underlying phonological representations played a
role in determining whether the semantic representa-
tions of base words could be activated- Input tones
sharing many features with the underlying tones acti-
vated the base words and led to semantic facilitation
of the visual probes- Input tones sharing fewer fea-
tures with underlying tones; however, did not acti-
vate significantly the underlying tonal representa-
tions-

Moreover: there was weak evidence that the
tone similarity effect was modulated by the earliness

of mismatch- Matching the first tone will guarantee

the base word as a lexical candidate and further
speech input will support its activation, no matter the
degree of deviation of the second tone. Mismatching
the first tone, however, will the leave the candidacy
of the base word to the goodness of fit between the
input tone and the underlying representation. Clear-
ly» competition environment. tone similarity, and
constituent position of tone deviation interact in con~
straining lexical access and semantic activation of the

base word-

5  General Discussion

There were three main aims of this study - First,
we wished to investigate whether tonal information
has an immediate effect on semantic activation in spo-
ken word recognition of Chinese.- Second, we were
interested in how lexical access is influenced by com~-
petition environment and by global and local goodness
of fit at the suprasegmental level between speech in-
put and underlying phonological representations. Fi-
nally, we wanted to explore how tonal information is
represented in the mental lexicon- Three cross'modal
semantic priming lexical decision experiments found
complex interactions between competition environ-
ment degree of mismatch of tonal information, and
semantic activation- Experiments 1 and 2 used real
words that differed from base words ( semantic
primes) in one or two tones as mediated primes-
While Experiment 1 found no priming effect for mis-
match primes differing in both tones. Experiment 2
did reveal a significant effect, but only in error rates,
for primes differing in one tone- The constituent posi-
tion of mismatching tones had no influence on the
priming effects- Experiment 3 used nonwords differ-
ing from semantic primes in one tone, minimising
competition between lexical candidates- When the
tonal deviation was featurally minimal there were se-
mantic priming effects, whereas more maximal devia~
tions produced no significant priming overall- Howev-
ers there was a suggestion that the maximal devia-
tions could generate lexical access if they occurred in
the second syllable, but not the first syllable-

To account for these findings, it is important to
recognise that in spoken word recognition of Chinese:
speech input maps onto lexical representations both in
terms of segmental information and suprasegmental

(tonal) information- While match between segmental
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input information and underlying representations can
lead to the activation of corresponding semantic repre-
sentations, a mismatch between tonal information and
underlying representations will counteract or cancel
the effect of segmental matching- This ”bottom-up”
inhibitory effect "] depends on the degree of mis-
match- Mismatch in two tones, as in Experiment 1,
is sufficient to cancel the facilitatory effect from seqg-
mental matching, resulting in no semantic activation
of base words and no priming for visual probes- Mis-
match in one tone, as in Experiment 2, however. has
less inhibitory effect on the activation of underlying
phonological representations: leaving a window for
semantic activation- Mismatch in some features of a
tone, as in Experiment 3, gives even more opportuni-
ties for the underlying representations to be activated -
The parallels between the effects of suprasegmental
and segmental mismatch on lexical activation are ex-
tremely strong- Across the experiments, mismatches
in tone had severe and swift effects on lexical activa~
tion, despite complete segmental overlap- In cases
where mismatch effects were not complete, the lexi-
cal competition environment and the featural similari-
ty of the deviation dictated the extent of activation-
SotoFaraco et al- Margued that for the case of stress
in Spanish segmental and suprasegmental information
should be treated as equivalent in terms of their effect
word recognition process- The current results support
this finding, and extend it to a nonbinary supraseqg-
mental dimension-

The activation of underlying representations is
constrained not only by match or mismatch from
speech inputs but also by lexical competition in the
lexicon- For real word mismatching primes (Experi-
ment 2), the speech input is likely to map onto at
least two lexical representations, one of which match-
es the speech only segmentally, and the other both
segmentally and suprasegmentally- The activation of
semantic primes is influenced not only by mismatch of
tonal information from speech input, but also by com-
petition or inhibition from activation of tone mis~
match primes- This experiment showed that the com-
bination of the presence of a fully matching lexical
competitor and a mismatch in one tone had strong ef -
fects on lexical activation, and priming effects were
only found in terms of error rates- For nonword

primes (Experiment 3), such lexical competition is

reduced because such primes do not have their own
representations in the lexicon: meaning that no lexical
item will match the nonword primes both segmentally
and suprasegmentally - This difference in lexical compe~
tition accounts for the more prominent priming effects for
tone mismatch primes in Experiment 3.

The present data also speaks to the controversy
about the importance of speech onset in lexical access
although no firm conclusions can be reached on the
basis of the current results- While Experiment 2
found no difference between real-word mediated
primes mismatching the first and second tones, Ex-
periment 3 suggested that the earliness of tone mis-
match and the similarity between input tones and un-
derlying representations can jointly influence semantic
activation of base words- For items in which the mis-
matching tone occurs only in the second syllable, the
semantic primes (base words) will be activated in the
word-initial cohort- In this case there is some evi-
dence of facilitation irrespective of whether the tonal
mismatch is minimal or maximal (there was a signifi-
cant 18 ms priming effect for the ”low similarity”
mismatch condition)- For items with a mismatch in
the initial tone; however, there may not be sufficient
activation of the base word at any point to generate
semantic priming unless the tone mismatch is minimal
(resulting in no priming for the ”low similarity” mis-
match condition)- Therefore, it is possible that both
sequential processing and global goodness of fit con-
strain lexical access of spoken words-

The similarity effect also suggests that at some
level Mandarin Chinese represents tones in terms of
fine-grained features, although the present data do
not exclude the possibility of a more categorical repre-
sentation elsewhere in the system- This proposal is
consistent with Ye and Connine Who found a similari-
ty effect in tone monitoring and with Zhou and
Marslen-Wilson™ who found a similarity effect in
phonological judgement to pairs of Chinese charac-
ters- In spoken word recognition, tonal features in
speech input are subtracted and mapped onto phono-
logical representations in the lexicon. Tone patterns
are activated according to the extent of underlying
tonal features being activated.- Similar tones sharing
tonal features are co-activated by speech input- In any
case, it is clear that tone information is a critical com~

ponent of the lexical representation of a spoken word
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in languages like Chinese- In all languages, the iden-

tification of a spoken word requires a close match be~

tween segments in the input and lexical representation

of the word, and the success of the matching process

depends on factors such as featural similarity, lexical

competition environment ,

and the time course of

match and mismatch as the speech signal unfolds- In

tone languages it seems that exactly the same factors

apply s strengthening the suspicion that any informa-

tion-segmental or suprasegmentalthat can be used to

distinguish between words will be used by the recog-

nition system in much the same way during lexical ac-

cess -
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