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Two perceptual experiments investigated how the suprasegmental information
of monosyllables is perceived and exploited in spoken English word recognition
by listeners of English and Taiwan Mandarin (TM). Using an auditory lexical
decision task in which correctly stressed English words and mis-stressed non-
words (e.g. camPAIGN vs. *CAMpaign) were presented for lexical decisions,
Experiment I demonstrated that TM listeners could perceive the differences
between stressed and unstressed syllables with native-like accuracy and rapid-
ity. To examine how the perceived suprasegmental contrast would constrain
English lexical access, Experiment IT was conducted. It used a cross-modal
fragment priming task in which a lexical decision had to be made for a visually
presented English word or nonword following an auditory prime, which was a
spoken word-initial syllable. The results showed that English and TM listeners
recognized the displayed word (e.g. campus) faster both after a stress-matching
(e.g. CAM-) prime and a stress-mismatching (e.g. cam-) prime than after a
control prime (e.g. MOUN-, with mismatching segments). This indicates that
suprasegmental information does not inhibit a segmentally matching but su-
prasegmentally mismatching word candidate for both the two groups, although
TM is a language where lexical prosody is expressed syllabically and its listeners
tend to interpret lexical stress tonally. Yet, the two groups’ responses were slower
after the stressed primes than after the unstressed ones, presumably because the
former generally had more possible continuations than the latter do. It is there-
fore concluded that when recognizing spoken English words, both the native
and non-native (TM-speaking) listeners can exploit the suprasegmental cues of
monosyllables, which, however, are not so effective that they will outweigh the
segmental cues.
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1. Introduction

To understand speech, one has to recognize the individual words. In most cases,
the listener can identify the words of their native language accurately and rapidly
although there are no consistent markers of lexical boundaries in the speech signal
itself (Lehiste 1972; Nakatani & Dukes 1977; Woodward & Aslin 1990). The ability
to single out a word in a mental lexicon consisting of a myriad of entries has invited
substantial research into phonetic cues that may subserve spoken word recognition.
One of these cues is lexical stress — a contrastive suprasegmental feature of words in
languages like English (e.g. INsert vs. inSERT, where the uppercase letters indicate
the stressed! syllables). If such a feature is exploited in on-line speech processing,
the English words MUsic and muSEUM, for example, can be told apart before the
fourth segment ([1] in MUsic or [i] in muSEUM), the point at which the words begin
to differ segmentally. The suprasegmental? difference in the initial syllable already
differentiates the words.

Lexical stress is of course not a linguistic universal. This fact raises the questions
whether and how this suprasegmental feature is used by non-native listeners to
recognize the words of languages like English. There is much research on percep-
tion of lexical stress by listeners whose native language does not possess variable
word stress (e.g. French-speaking listeners: Dupoux et al. 1997; Peperkamp 1997;
Peperkamp & Dupoux 2002; Dupoux et al. 2008). However, the consequences of
their perceptual success or failure for spoken word recognition have not been ex-
tensively investigated (e.g. Tremblay 2008). An additional impetus for exploring
non-native listeners’ use of lexical stress is provided by the typology of lexical pros-
ody: while cross-linguistic word recognition studies have been conducted on closely
related languages such as English and Dutch (e.g. Cutler et al. 2007), there is little
to no relevant work delving into languages which express lexical distinctions at the
suprasegmental level by means other than lexical stress. For this reason, the present
study investigates the role of lexical stress in English word recognition by listeners
of Taiwan Mandarin (henceforth TM), a lexical tone language typologically distant
from English. The investigation would provide insight into how experience with the

1. It has been proposed that there are multiple levels (e.g. primary, secondary, and tertiary) of
stress in English (Chomsky & Halle 1968). However, since a distinction between primary and
non-primary stress is sufficient for the discussion in this paper, the terms “stressed” and “un-
stressed” will be used to refer to this distinction for convenience.

2. Although the term “suprasegmental” covers a wide range of prosodic features (e.g. lexical
stress, phrasal pitch accent, intonation, etc.), this study focuses only on, and uses the term to refer
to, features associated with lexical prosody.
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lexical prosody of the first language (L1) may or may not influence the processing
of the spoken words of a second language (L2).

The remainder of this paper is organized as follows. §2 first gives a brief sketch
of spoken word recognition and one way by which this process can be experimen-
tally investigated. A review of previous studies probing into the use of lexical stress
in recognizing spoken English words follows, and two hypotheses concerning the
extent to which the suprasegmental information of English monosyllables is ex-
ploited by Mandarin listeners are proposed. §3 and 4 report the designs and the
results of two perceptual experiments carried out to address the hypotheses. §5
presents a general discussion of the findings, followed by some concluding remarks
and further issues.

2. Spoken word recognition: The role of lexical stress

Recognition of spoken words requires continuous processing of the speech sig-
nals. In general, it involves two dynamic processes: multiple candidate words
are activated (Zwitserlood 1989; Marslen-Wilson 1990; Connine et al. 1994) and
then competition among these words ensues (Goldinger et al. 1989; Gaskell &
Marslen-Wilson 2002). Further information in the speech input is used at the
first opportunity to winnow down the set of candidate words (Marslen-Wilson &
Warren 1994; McQueen et al. 1999; Soto-Faroco et al. 2001). A particular word is
soon recognized once its uniqueness point (e.g. Marslen-Wilson 1980), the point
at which the accrued information supports no other possible candidates, has been
reached. Therefore, for a word to outcompete the others, the amount of evidence in
favor of it is crucial. What arise from such a view of the word recognition process
are empirical questions concerning which aspects of a lexical item constitute the
evidence that can help reduce the concurrently activated competitors and also the
extent to which they are helpful. Numerous related studies have been conducted to
explore the use of lexical stress in languages such as English and Dutch, focusing
on cases where segmental structures cannot further reduce word candidates but
the suprasegmental differences among the words possibly can.

In English and Dutch, primary stress freely falls on a particular syllable of a
word and can sometimes distinguish between words that are segmentally identical
(e.g. INsert, a noun vs. inSERT, a verb). The prominence of the stressed syllable is
realized with a combination of acoustic-phonetic features, including higher pitch,
longer duration, greater intensity, and sometimes fuller vowel quality (Fry 1955;
Gay 1978; Kochanski & Orphanidou 2008). Various methods have been devised to
test whether the cues that are purely suprasegmental (i.e. pitch, duration, and in-
tensity) are relevant for spoken word recognition. Among them is the cross-modal



572 Shu-chen Ou

priming technique, which is used in many previous studies (e.g. Swinney 1979;
Marslen-Wilson & Zwitserlood 1989; Cooper et al. 2002; van Donselaar et al. 2005)
and in the present work (Experiment II). In a cross-modal priming experiment,
subjects may be asked to carry out certain tasks after being presented with an audi-
tory prime and then a visual stimulus. For example, in Experiment II of this paper,
subjects decided whether a visually displayed string of letter (e.g. campus) was a
real English word or not as soon as possible after hearing the prime (e.g. CAM-, the
stressed initial syllable of campus). If there is effective exploitation of the stress cues
in the prime, decision latencies would be expected to be shorter when the auditory
and visual stimuli contain matching stress information (e.g. hear CAM- and see
campus) but longer when the stimuli contain mismatching stress information (e.g.
hear CAM- and see campaign, the first syllable of which is unstressed), in compar-
ison to decision latencies in a control condition where the prime mismatches the
visual target segmentally (e.g. hear MOUN- and see campaign).

Cooper et al. (2002) have employed this priming technique to investigate how
lexical stress is used by native English listeners in recognizing their own words.
In one of their experiments, spoken monosyllables excised from disyllabic words,
which were either stressed (e.g. MU- of music) or unstressed (e.g. mu- of museum),
served as auditory primes to visual target words such as music or museum or to
some nonwords. The results indicated that the English-speaking participants’ lexical
decisions were significantly faster in a stress-matching condition where the mon-
osyllabic prime matched the first syllable of the visual target both segmentally and
suprasegmentally than in a control condition. There was also a stress-mismatching
condition where the auditory and visual stimuli matched segmentally but not su-
prasegmentally. Nevertheless, it was shown that the participants’ responses in this
condition were still significantly faster than those in the control one. These findings
suggest that insofar as monosyllabic primes are concerned, recognition of words
such as music and museum is facilitated as long as their initial syllables are segmen-
tally identical to the prime; suprasegmental mismatch does not inhibit either of the
candidates. Cooper et al. (2002) conclude that segmental cues outweigh supraseg-
mental ones in native English listeners’ on-line word processing.

Although the findings reported by Cooper et al. (2002) may appear paradox-
ical given that English is a lexical stress language, they are in fact explicable and
consistent with earlier studies. Cutler (1986) carried out an associate priming ex-
periment with English-speaking participants, who heard one member from a stress
minimal pair (e.g. FORbear, which formed such a pair with forBEAR) and saw a
word that might or might not be semantically related. It was found that word pairs
like FORbear and forBEAR primed recognition of each other’s semantic associate
(i.e. “ancestor” and “tolerate,” respectively). Cutler explains that for English listen-
ers, processing the distinction between syllables differing in lexical stress is usually
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tantamount to processing the difference between reduced and unreduced vowels.
While it is possible for English word stress contrast to involve only pitch, duration,
and intensity, this rarely happens: the syllable with weak stress tends to be accom-
panied by vowel quality reduction. For example, in SUBject and subJECT, the un-
stressed vowel of the first syllable of subJECT (i.e. [3]) is reduced and differs from the
stressed vowel of the first syllable of SUBject (i.e. []). The reduction is so prevalent in
English that its native listeners usually profit from the segmental information in tell-
ing one word from another; there is no compelling need for them to further attend
to suprasegmental differences. This view is supported by Cutler & Pasveer’s (2006)
lexical statistics, which show that there are few stress minimal pairs in English. It is
then not surprising that English listeners’ word identification would be impeded to
a greater extent by segmental mispronunciations than by misplacement of lexical
stress (e.g. INsert produced as inSERT, or vice versa) (Bond & Small 1983; Small et al.
1988; Slowiaczek 1990). Also, their acceptability ratings of cross-spliced word tokens
significantly declined for cross-splicings involving alternation of vowel quality (e.g.
autumn with its au- replaced with the a- of atomic, which is a reduced vowel), but
not for those involving change in only the level of stress (e.g. autumn with the initial
vowel au- replaced with that of automation) (Fear et al. 1995).

However, the mounting evidence for segments being a more effective cue than
lexical stress in spoken word recognition cannot be taken to mean that listeners of
whatever lexical stress language would pattern with those of English. A rather dif-
ferent picture emerges in listeners of Dutch (van Donselaar et al. 2005) and Spanish
(Soto-Faraco et al. 2001), to whom the suprasegmental dimensions of spoken words
are of greater relevance and utility. Van Donselaar et al. conducted one cross-modal
fragment priming experiment where Dutch-speaking participants were asked to
make lexical decisions for a visually presented Dutch word (e.g. OCTOPUS) after
hearing a monosyllabic word onset fragment (e.g. OC-). As expected, their deci-
sions were significantly more rapid in the stress-matching condition than in the
control one. Nevertheless, the response times in the stress-mismatching condition
were not significantly different from those in the control condition; that is, mis-
match of lexical stress leads to neither facilitation nor inhibition. Taken together,
the findings from van Donselaar et al. (2005) and Cooper et al. (2002) suggest
that when recognizing the words of their own language, Dutch listeners are more
sensitive to the presence of suprasegmental information than English listeners are.

Some studies thus examine whether L2-English listeners such as those whose
L1 is Dutch can exploit suprasegmental information more effectively than native
ones do. Off-line perceptual tasks have demonstrated that Dutch listeners’ word
identification is impeded by mis-stressing (van Heuven 1985; van Leyden & van
Heuven 1996). This finding is consistent with the less strong tendency for Dutch un-
stressed syllables to be associated with reduced vowels (Booij 1995). Furthermore,
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Dutch listeners are actually found to use lexical stress even better than English
native ones did in identification tasks where they had to ascribe a heard fragment of
an English word to its source word (Cutler et al. 2007). As a result, it would not be
unreasonable to expect that they can utilize surpasegmental cues to a greater extent
than native English listeners do in recognizing English words. This possibility was
investigated in the aforementioned cross-modal fragment priming experiment by
Cooper et al. (2002), which presented all their participants with English materials.
The results, however, indicated that the findings obtained by van Donselaar et al.
(2005) with Dutch materials were not replicated: compared with those in the con-
trol condition, Dutch listeners’ lexical decisions were significantly faster both in the
stress-matching and in the stress-mismatching conditions. There was facilitation
as long as the monosyllabic prime and the visual target word contained matching
segments, and this is exactly the same pattern of results observed for the English
group. Cooper et al. (2002) conclude that for Dutch listeners, lexical stress is not
as helpful for constraining lexical access in English as it is in their native language.

Dutch listeners’ failure to extend the efficiency with which they use the su-
prasegmental cues of monosyllables to their L2 (English) is compatible with the
explanation offered by Cutler (1986). As has been mentioned, few words can be
told from each other on a purely suprasegmental basis because the contrast be-
tween stressed and unstressed syllables is highly correlated with difference in vowel
quality in English. This then suggests that the correlation in the language per se is
responsible for the less effective use of lexical stress and that when presented with
monosyllabic primes, listeners are likely to pattern with the English native ones in
Cooper et al. (2002), regardless of their linguistic backgrounds. This argument is
consistent with the findings from Tremblay’s (2008) cross-modal priming experi-
ment with L2-English learners whose native language was Canadian French - a lan-
guage that lacks variable stress. They heard a single word onset syllable (e.g. MYS-)
and selected the English word that matched it (e.g. mystery, with the mismatching
alternative being mistake). The results revealed that the ability to constrain English
word access with the help of suprasegmental cues is hardly in evidence in this
population of English learners.

It is currently not clear whether the argument also holds for listeners of
Mandarin, a lexical tone language which uses pitch in a lexically contrastive fashion.
Two hypotheses are proposed for these listeners. First, they would simply pattern
with the native English and non-native (Dutch) participants of Cooper et al. (2002)
in an analogous cross-modal fragment priming experiment. That is, after a mon-
osyllabic prime is presented, there is facilitation of responses as long as it matches
the first syllable of the visual target segmentally even if the stimuli mismatched su-
prasegmentally. This possibility is supported by the finding that for both Mandarin
and English listeners, vowel quality is the primary cue in off-line identification of
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stressed syllables whereas pitch is only a secondary one (Chrabaszcz et al. 2014).
In fact, even when listening to their own words, listeners of tone languages such as
Cantonese process segmental distinctions more efficiently than tonal information
(Cutler & Chen 1997). For example, in two auditory priming experiments by Lee
(2007), Mandarin listeners’ lexical decisions to spoken monosyllabic Mandarin
words are faster if the previously heard monosyllabic prime word is segmentally
identical but tonally distinct than if it is tonally identical but segmentally distinct,
indicating that matching segmental information seems to outweigh matching sur-
pasegmental information.?

Nevertheless, although tonal cues are less efficiently processed than segmental
ones, it is possible that Mandarin listeners display an asymmetry in native versus
L2 spoken word recognition (just as Dutch-speaking ones do). An alternative hy-
pothesis may be that Mandarin listeners actually outperform English native ones
in using the suprasegmental information of monosyllables to recognize spoken
English words. If this is the case, it would be predicted that they exhibit no facilita-
tion or even inhibition when their responses in the stress-mismatching condition
are compared with those in the control. Support for such a prediction — and also the
impetus for exploring Mandarin listeners’ exploitation of monosyllabic primes — are
provided by the fact that lexical tones are pitch patterns over single syllables. As
shown by the oft-cited example in (1), the four lexical tones of Mandarin function
in much the same way as distinctive segments do: a change to the tone of a syllable
will result in a change in meaning. Experience with such lexical prosody would
promote sensitivity to the suprasegmental dimensions of individual syllables. This
view is substantiated by Schaefer & Darcy (2014), whose cross-linguistic percep-
tual experiment reveals that Mandarin listeners are more accurate in categorizing
monosyllables with various pitch patterns (which are actually Thai lexical tones)
than listeners of a lexical stress language (e.g. English) or a lexical pitch accent lan-
guage (e.g. Japanese) do. The lexical prosody of Mandarin encourages the language’s
listeners to take advantage of the suprasegmental information of monosyllables,
perhaps even when these syllables are from an L2.

(1) Mandarin lexical tones. The letters H and L represent high and low pitch values,

respectively.t
HH (Tone 1) LH (Tone2) LL (Tone3) HL (Tone 4)
ma ‘mother’ ma ‘hemp  ma ‘horse’  ma ‘scold’

3. We would like to thank two anonymous reviewers for bringing the study by Chrabaszcz et al.
(2014) and that by Lee (2007) to our attention.

4. Pitch heights in Mandarin can also be indicated by using numerals (1, 2, 3, 4, and 5), as in
Chao (1968), where Tone 1 is 55, Tone 2 is 35, Tone 3 is 214, and Tone 4 is 51.
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This alternative hypothesis is reinforced by the well-documented observa-
tion that Mandarin listeners are inclined to make a tonal interpretation of lexical
stress. The native language has a profound impact on discrimination of both L2
segmental and suprasegmental contrasts (e.g. Best 1994; Flege 1995; So & Best
2010; Lukyanchenko et al. 2011) and Mandarin listeners are no exception. They are
reported to be biased toward the cue of pitch in their production and perception
of English stressed versus unstressed syllables (Cheng 1968; Jufts 1990; Archibald
1997; Wang 2008a). For example, in Cheng’s code-switching study; it is suggested
that English unstressed syllables had been treated by his Mandarin-speaking partic-
ipants as bearing the [-high] tone because they triggered Mandarin Tone 3 Sandhi,
whereby a Tone 3 (a [-high] tone) is produced as a Tone 2 (a rising tone) when
followed by another Tone 3. The tendency to equate differences in lexical stress to
tonal contrasts is corroborated by listening experiments showing that identification
of stress patterns is particularly difficult when pitch is no longer a reliable cue. In
Ou (2016), English-learning listeners of TM heard one member of an English disyl-
labic stress minimal pair (e.g. PERmit and perMIT) and determined whether it was
a noun, which had a trochaic stress pattern, or a verb, which had an iambic stress
pattern. The listeners accurately identified the lexical category of the spoken word
when it was excised from a statement sentence (i.e. I said .), a context where
the stressed syllable was simultaneously signaled by higher pitch, longer duration,
and stronger intensity. Nevertheless, regardless of their English proficiency level,
they failed to do the same when the word was excised from a yes/no question (i.e.
Did you say ?), a context where its second syllable invariably had higher
pitch than the first one. Analogous results have been obtained from comparable
experiments using nonword stress minimal pairs (Ou 2010). In brief, the difference
in lexical stress is treated by Mandarin listeners as the contrast between [+high]
and [-high] tone, which is crucial for word identity in their native language.

The possibility that non-native listeners can make better use of suprasegemen-
tal information than native ones do in recognizing English words would be worth
testing. Most previous studies (e.g. Cutler & Otake 2004; Broersma & Cutler 2008,
2011) are focused on cases where non-native listeners have poor discrimination of
certain English segmental contrasts. One example is Dutch listeners’ confusion of
the [¢] and [e] sounds in English. Using a series of cross-modal priming experi-
ments, Broersma and Cutler (2011) found that, not surprisingly, English-speaking
subjects’ recognition of English words like deaf was facilitated by a monosyllabic
prime that contained a matching vowel (e.g. def-, excised from definite) but inhib-
ited by one that contained a mismatching vowel (daff-, excised from daffodil), when
compared with their responses after a control prime. Yet, a different pattern was
found for the Dutch-speaking group: both def- and daff- primed their recognition
of deaf, producing facilitation when compared with the control prime. This is a
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sign of ineffective use of the vowel quality difference between [¢] and [e], which
presumably stems from the fact that the vowels are not contrastive in Dutch. In
Mandarin, however, the distinction between a [—high] tone and a [+high] tone is
phonologically relevant. It is of interest to see whether lexical stress, being inter-
preted tonally, can effectively constrain Mandarin listeners’ English word access.

The two competing hypotheses are recapitulated as follows. First, it is hypothe-
sized that Mandarin listeners’ exploitation of lexical stress would not be superior to
that of English-speaking ones and thus predicted that the two groups would show
the same response pattern: compared with those following a control prime, lexical
decisions to a displayed English word are facilitated by a prime that is segmentally
identical to the word’s initial syllable, whether the prime and the syllable supraseg-
mentally match (e.g. hear CAM- and see campus) or mismatch (e.g. hear CAM- and
see campaign). However, the tone language listeners may be more effective users of
lexical stress. If this is the case, it is predicted that their recognition responses would
be inhibited or at least not facilitated by a suprasegmentally mismatching prime,
when compared with the responses after a control prime. Conducted to test the
predictions was one cross-modal fragment priming experiment where the auditory
primes were some English monosyllables. The participants included native English
listeners as well as non-native listeners with their L1 being TM.

However, before the priming experiment was carried out, it would be necessary
to assess the accuracy and speed with which the TM participants could perceive
lexical stress contrasts. Although Mandarin listeners can identify the position of a
stressed syllable in off-line perceptual tasks (e.g. Altmann & Vogel 2002; Altmann
2006; Wang 2008b; Ou 2016), it has to be proved that they still do so in an on-line
task requiring immediate responses, which may be more cognitively demanding.
If they cannot, any findings in favor of the first hypothesis could potentially be
attributed to the lack of the ability to discern stress differences. A simple auditory
lexical decision task (Experiment I) would meet the current need. As used here, the
task presented mis-stressed and correctly stressed disyllabic English words trun-
cated from a statement sentence (where the stressed syllables were cued by higher
pitch, longer duration, and stronger intensity) for lexical decisions. The TM and
English-speaking participants would be compared for response accuracy and rapid-
ity. The cross-modal priming experiment (Experiment II) was then implemented
to test the two hypotheses.
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3. Experiment I: Auditory lexical decision task
3.1 Materials

The materials of Experiment I were English word-nonword stress minimal pairs,
the real words of which were disyllabic content words selected with the following
two criteria: they (i) occurred at least five times per million spoken words according
to the CELEX English database (Baayen et al. 1993) and (ii) were included in the
7,000-word English vocabulary list for Taiwanese high school students compiled
by the College Entrance Examination Center of Taiwan. These criteria were im-
posed to exclude as many as possible of the words that the non-native participants
might not know. Twenty-eight words were selected and their nonword counter-
parts were derived by shifting the position of primary stress without altering the
vowel quality (e.g. PROblem ['prablom] vs. *proBLEM [pra’blom]). A full list of the
word-nonword stress minimal pairs is in Appendix A.

All the word and nonword items were embedded in the final position of a
statement sentence (i.e. The word is
pitch accent context, where stressed syllables were more prominent than unstressed
ones in pitch, duration, and intensity. With a printed sheet listing all the items (with
phonetic transcriptions for the nonwords), a trained female phonetician and native
speaker of English with a North American accent was instructed to read them at
least twice in the carrier sentence in a sound-attenuated room. The readings were
recorded via a Zoom H4n Handy Recorder, digitized at a sampling rate of 4.4 kHz,
and stored on a flash drive. Of all the recorded readings of the same sentence, only
one was selected for use and edited to remove its sentential context, leaving only
the word or nonword originally in the sentence-final position. The results were 56
single-word stimuli.

E-Prime 2.0 (Psychology Software Tools 2012) was used for stimulus presenta-
tion and response recording. The 56 stimuli were presented, one per trial, in two
experimental blocks that contained an equal number of trials. Within each block,
the order of the trials was randomized. In each trial, a fixation cross (+) was dis-
played at the center of the screen and remained there for 1500 milliseconds (ms),
followed by the presentation of the stimulus. Both response accuracy and response
times (RTs) were recorded, and the measurement of RTs began immediately at the
offset of the stimulus. Responses longer than 5000 ms were counted as omissions
and their RTs were not recorded.

.) to elicit productions under the falling
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3.2 Acoustic analysis

To see if there were significant acoustic differences of lexical stress in the items
recorded by the native English speaker, measurements of pitch, duration, and in-
tensity were carried out by using Praat (Boersma & Weenink 2016) on all the syl-
lables of the 56 stimuli. Shown in Table 1 are the syllables’ mean values on these
three suprasegmental dimensions, subdivided according to position (i.e. being
the first or second syllable of a word or nonword). Since the real words were all
disyllabic and each had a mis-stressed counterpart, planned paired t-tests were
used to compare the stressed and unstressed forms of each syllable (e.g. cam- from
camPAIGN and CAM- from *CAMpaign). The results showed that compared with
the corresponding unstressed ones, the stressed syllables had significantly higher
pitch (#(55) = 12.36, p < .001, two-tailed), longer duration (#(55) = 11.08, p < .001,
two-tailed), as well as greater intensity (#(55) = 10.58, p <.001, two-tailed).

Table 1. Mean values of pitch (in Hz), duration (in ms), and intensity (in dB) for the
stressed and unstressed syllables of the 56 stimuli, subdivided according to position. The
standard deviations (SDs) are in parentheses

Stressed Unstressed

Pitch Duration Intensity Pitch Duration  Intensity

First syllable 216.0 (23.6) 173.4(63.2) 75.4(2.2) 180.3(18.6) 123.1(50.2) 71.7(2.9)
Second syllable 188.7 (18.2) 227.6 (56.3) 73.8(1.7) 149.4(11.7) 151.9 (51.7) 68.0(3.1)

3.3 Procedure

All subjects were tested individually in a sound-attenuated chamber with a desktop
computer. At the outset of the experiment, they were shown instructions (in English)
on the computer monitor, which were accompanied by oral explanations from the
experimenters (given in Mandarin or English). They were informed that they would
hear a pre-recorded sound file over headphones in each trial and their task was to de-
cide, as soon as possible, whether it was a real English word or not by pressing a YES
key or a NO key on a Serial Response Box (model 200a) from Psychology Software
Tools. Subjects were made aware that no feedbacks would be provided and that the
stimuli to which they should respond NO were nonwords which were derived from
real English words by altering the location of primary stress. They were also told that
they could take a break and decide when to move on whenever they completed a
block. Eight trials were offered for practice. Then, the experimenter remained in the
room to give explanations or answer questions until subjects were ready to proceed
to the experiment proper, which took about 20 minutes.
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3.4 Participants

Twenty-four English native speakers and 23 native TM speakers participated, all
with normal hearing and normal (or corrected-to-normal) vision. To ensure that
the TM subjects knew the test stimuli, a minimum TOEIC score of 800 and 10 years
of English learning experience were required for their participation.

3.5 Results

In general, subjects were able to make correct lexical decisions, or decide if the stim-
uli were correctly stressed: the mean accuracy rates of the English and TM groups
were 87.64% and 89.28%, respectively. To further determine if there was a significant
group difference, their responses were analyzed with a linear mixed-effects logistic
regression model. This model (and those used in subsequent analyses) was fitted by
using the Ime4 package (Bates et al. 2015) of R (R Core Team 2015). The dependent
variable was the response to each trial, which was either correct or incorrect (coded
as 1 and 0, respectively). The predictors were all binary factors each with two levels
coded as —0.5 and 0.5; they included Group, Stress Position, and Word Status. The
Group predictor indicated whether the response was made by an English speaker
(=0,5) or by a TM speaker (0.5). Stress Position specified whether the stimuli pre-
sented in a trial was stressed on the first syllable (—0.5) or on the second one (0.5).
Word Status encoded the contrast between real-word (0.5) and nonword (—0.5) stim-
uli. The fixed effects to be included in the model were selected via a procedure that
began with constructing one-variable models that each contained only the main
effect of one of the predictors. The model (or one of the models) which revealed a
significant main effect was chosen. It was then compared by using a likelihood ratio
test with a new, less parsimonious model derived by further including a main effect
or interaction to see if this newly introduced fixed effect was necessary. This process
was repeated until there was no additional main effect or interaction that could sig-
nificantly contribute to goodness-of-fit to the data. The selected model consisted of
the main effects of Stress Position and Word Status and their interaction. By-subject
and by-item random intercepts were entered as random effects.

The results are as follows. The model revealed that there were two significant
main effects: one of Stress Position and the other of Word Status. The former indi-
cated that as far as nonword stimuli are concerned, the ones with primary stress
on the second syllables were responded to significantly more accurately than the
ones with primary stress on the initial syllables (5 = 1.20, SE(8) = .19, z = 6.35,
p <.001) (see Figure 1). The latter indicated that among stimuli with initial pri-
mary stress, those with the correct stress pattern (i.e. real words) were responded
to with significantly higher accuracy than those with the incorrect stress pattern
(i.e. nonwords) ( = 2.02, SE(B) = .19, z = 10.62, p < .001). However, it makes little
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sense to interpret these two main effects since they were essentially the by-products
of the interaction term in the model, which was significant (8 = —2.24, SE(f) = .52,
z=-4.29, p <.001). As is clear from Figure 1, what brought forth the significant
interaction was subjects’ relatively poor performance on the mis-stressed stimuli
with primary stress on the first syllables: they were inclined to respond YES to
spoken nonwords such as *CARtoon and *TECHnique. This may be attributed to
the fact that the majority of English words begin with stressed syllables (Cutler &
Carter 1987), leading listeners to assume that a real word typically has initial pri-
mary stress. Note that such a bias was found for both the English and TM groups. In
addition, the main effect of Group and its interaction with the other two predictors
had been excluded for little contribution to model fit. There was thus no compelling
evidence for suggesting that the two groups were in any way different from each
other in terms of response accuracy; the TM participants were able to respond to
English lexical stress just as well as the English native ones were.
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Figure 1. Mean accuracy rates by position of primary stress (i.e. first- or second-syllable
stressed) and by word status (i.e. word or nonword) in Experiment I for English and
Taiwan Mandarin subjects. The standard error (SE) bars indicate 95% confidence intervals

As the experiment used an on-line task that required immediate lexical decisions, a
further analysis was conducted on the RT data of correct responses. RTs that were
two-and-a-half SDs above the average RT of all subjects (i.e. longer than 1391 ms)
were first discarded as outliers and this removed 11.55% of the data.” Figure 2 shows
the mean values of the remaining RTs for the two groups. The RTs were natural-log

5. There was no lower limit for excluding potential RT outliers as listeners might be able to
decide on the word status of the stimulus before it reached its offset, the point at which RT
measurement started.
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transformed and used as the dependent variable of a linear mixed-effects regres-
sion model, which was selected by following the same procedure as that described
above. The model contained the main effect of Word Status as the sole fixed effect
and by-subject and by-item random intercepts as random effects. The fixed effect
was significant: responses to correctly stressed real words were more rapid than
those to mis-stressed nonwords (8 = —.32, SE(f8) = .02, t = —18.67, p <.001). The
absence of the main effect of Group again suggested that there was no evidence for a
group difference. In general, the TM group could respond with native-like rapidity.
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Figure 2. Mean RTs by word status in Experiment I for English and Taiwan Mandarin
subjects, with SE bars representing 95% confidence intervals

It is clear from the above findings that the TM listeners could distinguish between
stressed and unstressed syllables and thereby determine whether the stimuli had
correct word stress patterns as accurately as the native English listeners could.
Besides, their lexical decisions were not delayed and even appeared to be slightly
faster compared with those of the English group. The TM listeners were not imper-
vious to the suprasegmental information of English words. However, the extent to
which such information is exploited to constrain lexical access would be another
question, which was addressed in the next step of research. Specifically, it was inves-
tigated whether the TM listeners would outperform the English listeners in using
the suprasegmental cues of English monosyllables. The experiment conducted is
reported below.
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4. Experiment II: Cross-modal fragment priming task
4.1 Materials

Twenty-one pairs of disyllabic English words were used in Experiment II. Each of
them consisted of two words that had to begin with a segmentally identical first
syllable but differ in the position of primary stress (e.g. CAMpus and camPAIGN).
This requirement would exclude word pairs in which differences of vowel quality
in the first syllables co-varied with the presence or absence of primary stress (e.g.
SUBject and subJECT). If multiple words could be paired with one another, the
two that were the closest in spoken frequency per million words according to the
CELEX database formed a pair. Such pairs were the critical items of the experiment.
Another disyllabic word was then assigned to each of these pairs as the control item.
Its first syllable had the same syllable structure as that of the pair, but comprised
distinct segments. For example, mountain, with its initial syllable being /mavn/,
was assigned as the control item to the pair campus and campaign, both of which
began with /keem/. This resulted in 21 sets of words, each consisting of one control
and two critical items. A complete list of these sets was in Appendix B.

All the items were inserted in the final position of a non-constraining sentence
(e.g. The word he said was .) and were read by the same English native speaker
as Experiment I. The subsequent procedure of speech recording was also the same,
except that the recorded sentences were edited to remove the second syllable of
the inserted word rather than the sentential context. This left a monosyllabic word
onset fragment at the end of each sentence (e.g. The word he said was CAM-.),
which served as the auditory prime. The upcoming visual target word was either a
critical item (which was a real word) from the same set of words as the truncated
word used as the prime, or an orthographically possible but non-existent English
word retrieved from the ARC nonword database (Rastle et al. 2002). The lengths
of nonwords ranged between four and eight letters — the minimal and maximal
lengths of the critical items, respectively. In accord with this design, the edited
sentences and the visual targets were paired in all possible combinations to con-
struct the trials of the experiment. Depending on the type of the prime and the
upcoming target, the trials belonged to either of the following conditions: (i) the
stress-matching condition, in which the auditory prime and the first syllable of the
visual word matched segmentally and suprasegmentally (e.g. hear CAM- and see
campus), (i) the stress-mismatching condition, in which the two stimuli matched
segmentally but not suprasegmentally (e.g. hear cam- and see campus), (iii) the
control condition, in which the auditory prime was a fragment of the control item
(e.g. hear MOUN- and see campaign), and (iv) the nonword condition, in which
the visual target was a nonword (e.g. hear CAM- and see broc). There were 126
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trials (three trial conditions x two possible visual targets x 21) for the first three
conditions and another 126 trials for the nonword condition.

As with Experiment I, the cross-modal fragment priming experiment was
programmed and run by E-Prime 2.0. The trials divided into two parts that each
contained three blocks. In each trial, a fixation cross was displayed for 1,500 ms and
the fragmentary prime, embedded in its carrier sentence, was presented. The visual
target then appeared immediately at prime offset, the point at which recording
of response and RTs began, and remained on the screen for 5,000 ms. Responses
longer than 5,000 ms were regarded as omissions and their RTs were not recorded.
Within each block, there was an equal number of trials in which the visual target
was a real word and trials in which it was a nonword. All the trials were presented
in a randomized order.

4.2 Acoustic analysis

An acoustic analysis was conducted on the monosyllabic auditory primes in the
stress-matching and stress-mismatching conditions. Table 2 shows the mean values
of pitch, intensity, and duration for the stressed and unstressed primes. Pairwise
comparisons using planned paired ¢-tests indicated that the stressed primes (e.g.
CAM-) generally had significantly higher pitch (#(20) = 9.92, p <.001, two-tailed),
longer duration (#(20) = 5.12, p <.001, two-tailed), and stronger intensity
(#(20) = 7.84, p < .001, two-tailed) than their unstressed counterparts (e.g. cam-).

Table 2. Mean values of pitch (in Hz), duration (in ms), and intensity (in dB) for the
stressed and unstressed primes presented in the stress-matching and stress-mismatching
conditions, each with its SD in parentheses

Stressed Unstressed
Pitch Duration Intensity Pitch Duration Intensity
235.7 (25.3) 159.6 (50.5)  78.7(1.7) 180.3 (17.2)  124.7 (42.1) 73.8 (2.0)

4.3 Procedure

Participants were randomly allocated to complete one part of the experiment first.
They were informed that in each trial, they would hear a pre-recorded sentence
with part of its final word truncated and then see a string of letters on a computer
screen. All they needed to do was to decide, as soon as possible, whether the string
on the screen was a real English word or not by pressing the YES key or the NO key
on the same serial response box. Eight trials were offered as practices at the outset
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of each part. Participants proceeded to the other part after completing the one with
which they began. The whole experiment lasted approximately 30 minutes.

4.4 Participants

Same as Experiment I.

4.5 Results

All subjects decided on the word status of the visually presented words at a
near-perfect accuracy rate (English: 98.90%; TM: 93.67%), except for three TM
participants, whose accuracy rates in and only in the control condition were 2.5
SDs below the mean. Their data were discarded. Of relevance to subsequent anal-
yses were the RTs of the correct YES responses of the valid subjects. RTs shorter
than 100 ms might be problematic since it is physiologically impossible to make
motor responses to perceived stimuli with such rapidity (Luce 1986). Those that
were 2.5 SDs above the mean RT (i.e. longer than 1,047 ms) were treated as outliers.
Applying these criteria to remove the potentially invalid RTs excluded 2.53% of the
correct YES responses.

The RTs of the remaining data were log-transformed and subjected to analyses
using linear mixed effects regression models. The predictors of interest included
Group and Condition.® Just as in Experiment I, the Group predictor was used to
examine whether there was a difference between English and TM listeners, coded
as —0.5 for the former and 0.5 for the latter. Condition was a three-level factor that
consisted of the contrasts between the control condition (which was designated
as the baseline level and coded as —0.5) on one hand and the stress-matching and
mismatching conditions (coded as 0.5) on the other hand. A model selection pro-
cedure that was identical to that of Experiment I but began with the main effect of
Condition was followed here (and in the following analysis). The selected model

6. We are grateful to one anonymous reviewer for pointing out that the design of Experiment
I1, in which the same visual target word was presented a total of three times, might induce a
long-term priming effect: responses to a word would be facilitated on a second encounter. We
thus re-fitted the models originally used in the subsequent analyses, adding a fixed effect called
Repetition, which represented the nth time the target word was presented. The effect was signif-
icant in the model reported in this paragraph (8 = —.05, SE(f) = .003, t = -17.90, p < .001) and
the one in the next paragraph (f = —.07, SE(f8) = .004, t = —-16.65, p < .001), suggesting that the
more times a word had been presented, the faster the responses tended to be. However, even after
Repetition it was introduced to the models, the significant patterns of the fixed effects of interest
to the research questions (e.g. Condition) remained unchanged.
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had a single fixed eftect for Condition; the random effects included a by-subject ran-
dom intercepts and by-item random intercepts for the spoken prime and the visual
target. The sole fixed effect was significant: when compared with those in the con-
trol condition, responses were significantly faster in the stress matching (8 = -.06,
SE(B) = .01, t = -7.37, p < .001) and stress-mismatching (5 = —.04, SE(5) = .01,
t=-4.31, p <.001) condition for the English group (see Figure 3). This pattern
would also hold for the TM-speaking participants, since the absence of the main
effect of Group and its interaction with Condition from the model suggested that
there was neither a significant group difference (in response speeds of the control
condition) nor a need to adjust the effect of Group for Condition. The findings are
therefore consistent with the hypothesis that there would be a parallel between TM
and English listeners in the extent to which the stress cues of spoken monosyllables
are exploited. That is, recognition of a visual target is facilitated as long as the initial
syllable of the target and the preceding prime contain identical segments; a prime
with matching segmental content but suprasegmentally mismatching information
leads to no inhibition and even produced facilitation.

Stress-matching
600 @ Stress-mismatching
@ Control
m
€ 550
£
'_
[~
c
S 500
=
450

English Taiwan Mandarin

Figure 3. Mean (unlogged) RTs of valid correct YES responses in Experiment II by group
and by condition, with SE bars indicating 95% confidence intervals

The above findings, however, cannot be interpreted to mean that suprasegmental
information is not useful at all. The contrast between a stressed prime and an un-
stressed prime is in fact relevant for subjects’ English word recognition, as revealed
by a further linear mixed-effects regression model fitted to the log-transformed
RTs in only the stress-matching and stress-mismatching conditions. The predictors
still included Group, but this time Condition was replaced with two binary factors
called Prime Stress and Stress Match. The former specified whether the monosyllabic
prime was stressed (0.5) or not (—0.5), while the latter represented the contrast
between stress-matching condition (0.5) and the stress-mismatching (-0.5) one.
With the same random-effect structure as the previous one, the selected model
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contained the main effect of Prime Stress as the only fixed effect. Interestingly, the
model showed that subjects’ responses were significantly slower when the preceding
prime was stressed than when it was not (5 = .029, SE(f) = .011, t = 2.73, p < .05)
(see Figure 4). This result was rather unexpected. Nevertheless, as will be seen, it
is probably a consequence of an asymmetry between the stressed and unstressed
primes in terms of the numbers of English words that can continue the primes. A
discussion of the findings from Experiments I and II is given in the next section,
with particular focus on those obtained from the second one.
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Figure 4. Mean (unlogged) RTs of valid correct YES responses in the stress-matching
and mismatching conditions of Experiment, subdivided by group and by prime

type condition (i.e. with or without primary stress). The SE bars indicate 95%
confidence intervals

5. General discussion and conclusion

A cross-modal fragment priming experiment was conducted to investigate how
the suprasegmental information of monosyllables is used in spoken English word
recognition by the language’s native listeners as well as by non-native listeners
whose L1 is TM, a lexical tone language. The finding of Cooper et al’s (2002)
English- and Dutch-speaking subjects is replicated: the monosyllabic primes of
both the stress-matching and stress-mismatching conditions produce facilitation
in comparison to those of the control condition. The comparable experiment in the
current study furnishes evidence that this also holds for listeners of TM, which is
typologically distant from English and Dutch and encodes its lexical prosody (i.e.
lexical tone) at the syllable level. Such evidence is noteworthy given that listeners of
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Mandarin outperform those of English or Japanese in categorizing different pitch
patterns realized on monosyllables (Schaefer & Darcy 2014) and tend to equate
differences in lexical stress to tonal contrasts (e.g. Cheng 1968; Jufts 1990; Archibald
1997). Nowhere in the results of Experiment II, however, is there any indication
that the TM participants make more effective use of the suprasegmental features of
English monosyllables than the English or Dutch ones in Cooper et al. (2002). The
prediction proposed based on the first hypothesis in § 2 is supported: responses
would be facilitated as long as the monosyllabic prime segmentally matches the
first syllable of the visual target.

It has to be noted that TM listeners’ failure to achieve superior exploitation
cannot be attributed to inability to perceive lexical stress contrasts — namely,
the “stress deafness” problem, which has been reported for French listeners (e.g.
Peperkamp & Dupoux 2002; Dupoux et al. 2008). Experiment I demonstrates that
when asked to make on-line lexical decisions involving correctly stressed real words
and mis-stressed nonwords, TM listeners can respond as accurately and rapidly as
the English ones. The two groups even show the same response bias: both of them
are inclined to false alarm to items that are actually nonwords derived by shifting
primary stress from the second syllables to the first syllables. There is thus little
reason to suspect that TM listeners are less capable of telling a stressed syllable
from an unstressed one during on-line word processing (although they may rely
heavily on the cue of pitch).

Although their ability to discern differences in lexical stress is intact, listeners
of TM, English, and Dutch all find the segmental content of an English monosyl-
lable more useful than its suprasegmental features in spoken word recognition.
Such a cross-linguistic parallel would be expected if it is assumed that the strong
correlation between vowel quality and lexical stress in English is responsible. As
Cutler (1986) explains, English unstressed syllables frequently contain reduced
vowels and attention to vowel quality alone suffices to distinguish between stressed
and unstressed syllables in most cases. The vocabulary of the language simply does
not offer much opportunity to reduce lexical candidates merely on the basis of
suprasegmental information. The view is bolstered by statistics garnered by Cutler
& Pasveer (2006) and empirically supported by cross-linguistic comparison with
Dutch listeners, for whom stress-mismatching monosyllabic primes do not produce
facilitation (van Donselaar et al. 2005). Consistent with this view, the findings of
Cooper et al. (2002) and Experiment II then converge to suggest that as far as the
suprasegmental information of monosyllable is concerned, neither a less strong
correlation of vowel reduction and unstressed syllables nor experience with lexical
tone would lead to better use of English lexical stress. The segmental cues of single
syllables are likely to outweigh the suprasegmental ones in recognition of spoken
English words, regardless of the listener’s L1 backgrounds.
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For TM listeners, however, there is another factor that may have compromised
the extent to which the distinction between stressed and unstressed syllables can be
useful. As have been mentioned, Mandarin listeners tend to interpret the stressed
versus unstressed difference as a tonal contrast — one that is expressed via pitch.
However, recall that there are multiple acoustic correlates of lexical stress: in addi-
tion to higher pitch, stressed syllables are also cued by longer duration and greater
intensity. If pitch is already sufficient for Mandarin listeners’ word stress distinction,
then the cues of duration and intensity are not quite relevant and perhaps it is their
redundancy that removes the benefits that might otherwise be available when there
was pitch information alone. That is, while stressed and unstressed syllables are gen-
erally treated as belonging to two tonal categories (e.g. [+high] and [-high] tones),
their extra durational and amplitudinal differences may have prevented them from
being the ideal exemplars of these categories. One consequence of this for spoken
word recognition is that the stressed and unstressed primes in Experiment IT cannot
be exploited so effectively as to inhibit a segmentally matching but suprasegmen-
tally mismatching candidate. Such a view assumes that non-native listeners can
somehow perceive acoustic-phonetic features of L2 speech that are not important
for phonemic or prosodic distinctions in native languages (e.g. duration for TM
listeners). This assumption is not unfounded, however. Previous segmental research
has revealed that L2-English listeners (e.g. Japanese listeners) are sensitive to differ-
ences in the goodness of fit of two English sounds (e.g. [r] and [1]) that are generally
considered to be assimilated into a single native category (e.g. Takagi 1995; Iverson
et al. 2003) and that the effect of such sensitivity manifests itself in their English
word recognition (e.g. Cutler et al. 2006). As for perception of prosody, Ou (2016)
similarly reports that TM-speaking learners of English attend to the fine-grained
acoustic differences between tokens of even the same word stress pattern. It would
therefore be of interest to examine the priming effects of English monosyllabic
primes that have been manipulated to control for duration and intensity.

It may need to be pointed out that the argument just presented is not at odds
with the vowel quality account discussed previously. The strong tendency for un-
stressed syllables to have reduced vowels and TM listeners’ sensitivity to the re-
dundant suprasegmental cues (i.e. differences in duration and intensity between
stressed and unstressed syllables) may have both come into play, making lexical
stress less useful than segments for TM listeners.

However, caution has to be exercised in interpreting the cross-linguistic par-
allel among TM, English, and Dutch listeners. It would be hasty to claim that seg-
ments always outweigh suprasegmentals for all these listeners while it is possible
that the participants’ ability to exploit lexical stress in Experiment II may have
been underestimated due to the use of monosyllabic primes. The information of a
single syllable might be too impoverished to permit efficient constraint on lexical
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access. In fact, when the spoken primes were disyllabic (e.g. admi-, excised from
admiration), Cooper et al. (2002) found that the stress-mismatching condition,
compared with the control one, lead to neither facilitation nor inhibition of re-
sponses to words such as admiral for English listeners (but not for Dutch-speaking
ones). One question that arises is then whether TM listeners will show improved
ability to use English lexical stress if they are presented with disyllabic primes.
Nevertheless, attempts to empirically address this question would be challenged
by some practical limitations. For example, there are few English words that have
segmentally identical first two syllables but differ only in the stress pattern of these
syllables. Even if they can be found, they are not necessarily known to non-native
speakers who learn English as a foreign language. In fact, half of the word pairs
from which Cooper et al’s disyllabic primes are derived contain at least one mem-
ber that does not occur in the 7,000-word list that was used in Experiment II for
material selection. In this case, any effects elicited by the auditory primes are
potentially spurious.

As far as monosyllables are concerned, it can be concluded that segmental cues
are more useful than suprasegmental ones for accessing English words and such
a conclusion holds for both English and TM listeners. Yet, a crucial qualification
has to be made here: lexical stress is still relevant for spoken word recognition.
The second analysis reported in § 4.5 bears on this point; it reveals that there was
a significant main effect of Prime Stress. As will be explained below, the finding is
particularly noteworthy since it is likely to be a reflection of native and non-native
listeners’ attention to suprasegmental information and also of the structure of the
English lexicon.

The main effect of Prime Stress indicates that responses were generally slower
after the stressed primes than after the unstressed ones. An explanation is obtained
when the two types of prime fragments are compared for the numbers and frequen-
cies of the words that can continue them. As has been described, the process of spo-
ken word recognition involves concurrent activation of multiple words supported
by the speech input; a word onset fragment would activate a cohort of words that
can possibly be its continuations. In Experiment II, fragments like this were the
primes, and there is a conspicuous asymmetry between the stressed (e.g. CAM-)
and unstressed (e.g. cam-) primes in terms of the number and spoken frequency of
their possible continuations. Specifically, the possible continuations for the former
type of primes (e.g. camp, campus, camping, campfire, etc.) outnumber and are
usually more frequent than those of the latter type (e.g. campaign). The asymmetry
is confirmed by statistics from the CELEX English database (Baayen et al. 1993).
Weighted by spoken frequency per million words, the numbers of all content words
that can continue the stressed fragments (mean log value: 6.56 per million words)
are generally higher than the numbers of all content words that can continue the
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corresponding unstressed fragments (mean log value: 5.47 per million words).”
This can be seen in Figure 5. A stressed syllable thus has the potential of activating
a larger cohort of competitors than an unstressed one, and the consequence of this
is well-documented in previous research (e.g. Norris et al. 1995; Vroomen & de
Gelder 1995; Vitevitch 2007): the more words are activated, the more competition
there is. The TM and English listeners tended to respond slower after perceiving
the stressed primes presumably because they entertained more competing lexical
hypotheses. Such an explanation is also consistent with the fact that most English
words begin with stressed syllables (Cutler & Carter 1987) and the response bias
that the two participant groups showed in Experiment I.

12 Stressed

-@- Unstressed

Log No. of possible continuations
(frequency-weight)
[o))

cam- (/kaem-/)
car- (/ka:r-/)
di- (/d1-/)

fi- (/far-/)

i- (/ar-/)

im- (/im-/)
in- (/in-/)

lo- (/lou-/)
mi- (/m1-/)
mu- (/mju:-/)
or- (/oir-/)
pre- (/pre-/)
ro- (/rou-/)
su- (/suz-/)

u- (/jur-/)

Prime fragment

Figure 5. Log numbers of possible continuations (weighted by spoken frequency per
million words) for each different pair of stressed and unstressed fragmentary primes in
Experiment II, calculated based on data from the CELEX English database

Further evidence for this possible continuation account is furnished by a closer
inspection of Figure 5, which reveals that three types of prime fragments are notable
exceptions to the overall pattern: /di-/, /im-/, and /mn-/. For them, the number of
frequency-weighted possible continuations of the unstressed fragments is higher
than that of their stressed counterpart. Their anomaly can probably be attributed

7. The count for the unstressed fragments may be an overestimation in the sense that it encom-
passes all the words without initial primary stress while ignoring the fact that there can be de-
grees of non-primary stress (e.g. secondary and tertiary stress). However, since only information
about the location of primary stress in a word is available from the CELEX database, word-initial
syllables with non-primary stress are treated as if they all had the same level of stress. Yet, it can
be expected that the difference between the “stressed” and “unstressed” fragments in terms of
numbers of possible continuations presented here would be more drastic if finer distinctions are
to be drawn among the latter.
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to the fact that /di-/, /im-/, and /m-/ happen to be English prefixes and thus can
occur more frequently as word-initial syllables than the other non-prefix fragments.
However, in words containing these prefixes, especially in those that are relatively
long, primary stress tends to fall on syllables other than the initial (e.g. deforesTA-
tion, indispenSAble, etc.). Therefore, many of the morphologically complex words
beginning with /d1-/, /im-/, and /in-/ are likely not initially stressed, driving up the
numbers of possible continuations for unstressed /di-/, /im-/, and /in-/.

One way to assess the current explanation for the significant main effect of Prime
Stress is to conduct separate re-analyses for the prefix and non-prefix prime frag-
ments. There were nine pairs of prefix fragments: six beginning with /m-/, two with /
di-/, and one with /im-/. The TM and English listeners’ log-transformed RTs to visual
targets following this subset of items were subjected to a linear mixed-effects model
identical to the one used for analyzing their RT data in only the stress-matching and
stress-mismatching conditions. The model therefore contained a single fixed-effect
for Prime Stress, which, however, was not significant in this case (8 = .01, SE(8) = .01,
t=.82, p>.10). While one may expect a significant main eftect of Prime Stress in-
dicating that responses were slower after the unstressed fragments than after the
stressed ones, this finding should not be surprising because for most of the prefix
pairs (e.g. the six /in-/ pairs), the number of possible continuations of the unstressed
fragment is only slightly higher than that of the stressed one, as can be seen in
Figure 5. Yet, a markedly different result was obtained when a model was fitted to
log-transformed RTs after the remaining non-prefix prime fragments (e.g. /keem-/).
The model was the same as the previous one except it contained the main effects of
Prime Stress and Stress Match as fixed effects. As expected, the difference between
the stressed and unstressed primes was statistically robust: responses were made
significantly quicker after the unstressed ones than after the stressed ones (5 = .03,
SE(B) = .01, t = 2.40, p < .05). These two follow-up analyses thus lend well-founded
support for the possible continuation account, suggesting that both TM and English
listeners are sensitive to the suprasegmental information of the spoken primes.

Although the general tendency for the stressed primes to induce slower lexical
decisions can be explained and successfully replicated, it may be an unexpected
discovery in view of a study by Tremblay (2008), who has reported the opposite.
In her cross-modal word identification experiment, participants (who were native
speakers of English or Canadian French) heard a monosyllabic prime (e.g. MYS-)
and saw two English words (e.g. mystery and mistake). Their task was to select
the word that matched the prime both segmentally and suprasegmentally (in this
case, mystery). In contrast to what was found in Experiment II, the results showed
that responses were generally more rapid after stressed primes (e.g. MYS-) than
after unstressed ones (e.g. mys-). Tremblay explains that recognition of initially
stressed words can be facilitated by stressed syllables because such metrically strong



The role of lexical stress in spoken English word recognition 593

syllables, as previous segmentation studies (e.g. Cutler & Norris 1988; Cutler &
Butterfield 1992) have suggested, guide English speech segmentation and are points
at which lexical search is initiated. While the conflicting findings appear puzzling,
it has to be noted that there are appreciable differences between the cross-modal
experiment of Tremblay and that of the current study. What Tremblay’s participants
completed was a selection task that presented two visual targets and the information
of the preceding prime was crucial for making correct responses. In contrast, the
participants in the present Experiment II (and also in Cooper et al. (2002) or in
van Donselaar et al. (2005)) decided on the word status of a single visual target and
the prime was irrelevant to this decision. It thus cannot be conclusively determined
whether or not the discrepancy in findings is merely an artifact of the difference in
visual stimuli. However, if the findings are to be reconciled, then one explanation
may be that Tremblay’s subjects had to pay focal attention to the detailed phonetic
differences between stressed and unstressed primes in order to respond correctly.
In this way, the acoustically more prominent stressed primes would lead to faster
recognition simply because they were more audible.

Based on the above discussion, it is concluded that the findings support the pre-
diction of the first hypothesis — that Mandarin listeners do not show better exploita-
tion of the suprasegmental information of English words than English-speaking
ones do. This cannot be attributed to a lack of ability to discern differences in
lexical stress, as Experiment I revealed that TM listeners are as rapid and accu-
rate in telling correctly stressed English words from mis-stressed nonwords. Yet,
Experiment IT demonstrates that while they still use suprasegmental information
of the monosyllabic primes, the information is not effective enough to rule out
stress-mismatching but segmentally matching lexical candidates during spoken
word recognition. Exactly the same pattern is found for the language’s native lis-
teners and another group of non-native listeners with a typologically similar L1
(i.e. Dutch). Therefore, as far as the use of single syllables in constraining lexical
access is concerned, attention to segmental cues seems to yield a greater payoft
than attention to suprasegmental cues and this may be an experience universal to
all listeners to English. Briefly discussed below are two further issues related to the
cross-linguistic use of lexical stress in spoken word recognition.

Although the correlation between unstressed syllables and reduced vowels in
English is argued to be an explanation for the cross-linguistic parallel observed in
Cooper et al. (2002) and in this study, it cannot be precluded that the TM partici-
pants’ failure to effectively exploit stress cues stems from experience with their own
native language. As has been mentioned, segmental information seems to constrain
Mandarin lexical access more effectively than suprasegmental (tonal) information
(Lee 2007), and such a tendency may simply extend to English spoken word rec-
ognition. One way to assess this possibility is to investigate Mandarin-speaking
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learners of Dutch in an analogous priming experiment using Dutch material. If
the native language experience is responsible, the response patterns of Experiment
IT are expected to be replicated. But if the correlation between vowel quality and
lexical stress in the L2 is responsible, then the learners should pattern with the
native Dutch participants in van Donselaar et al. (2005), showing no facilitation
and perhaps also no inhibition when their responses in the stress-mismatching and
control conditions are compared.

The other issue has to do with exploring the possibility that the stressed versus
unstressed syllable distinction has been interpreted by non-native listeners as a
contrast in suprasegmental dimensions other than pitch and thereby used to facil-
itate English word recognition. This cannot be addressed with currently available
data as the stressed primes in Experiment II were simultaneously cued by higher
pitch, longer duration, and stronger intensity. However, it is possible to conceive an
experimentation in which cues to stress difference no longer include pitch height.
An example is (2), where the first syllable of CAMpus or camPAIGN is placed at
the end of a question sentence, which has a rising pitch accent context, and used
as the auditory prime:

(2) Istheword CAM-? (CAMpusor camPAIGN with the second syllable
cam-?  truncated)

In this context, duration is one cue for determining whether the trailing syllable is
stressed or not. Since Japanese, for example, has a length contrast for vowels and
intervocalic obstruents, it is of interest to see how listeners of this language exploit
the purely durational difference between the CAM- and cam- fragments in (3) in
English word recognition. Perhaps it can be expected that these listeners would
outperform those from languages that do not draw durational contrasts, such as
Mandarin. Support for the expectation is the finding that Japanese listeners are
better than Mandarin ones at using the duration of a vowel as a cue to the voicing
of syllable-final consonants in English words (e.g. pot vs. pod) (Crowther & Mann
1992). Questions like this can be pursued to gain a deeper understanding of the
exact way by which lexical stress subserves non-native listeners’ recognition of
spoken English words.
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Appendix A

List of the word-nonword stress minimal pairs of Experiment I. Syllables with primary stress are
indicated by uppercase letters and nonwords by asterisks (*).

beCOME-*BEcome
COUNItry-*counTRY
exPECT-*EXpect
iDEA-*Idea
LIttle-*liTTLE
MOney-*moNEY
NUMber-*numBER
PROblem-*proBLEM
techNIQUE-*TECHnique
WOman-*woMAN

Appendix B

camPAIGN-*CAMpaign
creATE-*CREate
HAppen-*haPPEN
iDEAL-*Ideal
mainTAIN-*MAINtain
MOther-*moTHER
PARty-*parTY
QUEstion-*queSTION
uNIQUE-*Unique

carTOON-*CARtoon
Different-*diFFERENT
hoTEL-*HOtel
inCLUDE-*INclude
misTAKE-*MIStake
muSEUM-*MUseum
PEOple-*peoPLE
SOcial-*soCIAL
WAter-*waTER

List of the 21 pairs of experimental items of Experiment IT, with the control items in parentheses.

campus - campaign (mountain)
distance - distinct (measure)
final - finance (passion)
impact - imply (advice)
infant — infect (absorb)
insight — install (access)
interest — intent (observe)
missing — mistake (bedroom)
order - ordeal (empty)

robot - robust (survey)

unit — unite (belief)

References

carton - cartoon (succeed)
district — disturb (pocket)
idle — ideal (artist)

index - induce (option)
injure - inject (expert)
instance - instead (admit)
local - locate (yellow)
music - museum (region)
pressure — prestige (climate)

super — superb (pursue)
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