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ABSTRACT

The current study examines the role of non-lexical tonal
patterns of a prosodic phrase in word segmentation. Sev-
enty-two native Seoul Korean speakers participated in the
word spotting experiments. The results showed that listen-
ers spotted more words in phrase initial than in phrase
medial position, and that their error rates were signifi-
cantly lower in rising tonal patterns than in non-rising
patterns, regardless of the position of the target words
within an AP, and regardless of the frequency and legality
of AP tonal patterns. Tonal cues other than pitch rising did
not influence the error rate. These results indicate that ris-
ing pitch in AP initial position is a reliable cue for word
boundary detection for Korean listeners. These findings
further suggest that phrasal tone contours serve as a possi-
ble word boundary cue in languages without lexical
prominence.

1. INTRODUCTION

To process spoken language, listeners must be able to di-
vide the stream of speech into smaller discrete units. In
order to do this job successfully, they must be capable of
detecting the correct boundaries for each unit. As noted in
many previous studies, accurate segmentation can be aided
by multiple means, such as phonotactic cues [1], [2], tran-
sitional probabilities [3], [4], and rhythmic cues [5], [6],
[7]. The current study concentrates on the role of prosody
in word segmentation.

There has been extensive cross-linguistic research into the
effect of prosody on prelexical segmentation. It has been
claimed that listeners exploit a ‘metrical segmentation
strategy’ for initial segmentation [6], [8], and that the
strategy that listeners employ is language specific [7], [9],
[10], [11]. Previous studies on word segmentation have
focused, however, on languages with lexical prosodic in-
formation, such as stress or pitch accent. This study aims
to look for a potential prosodic segmentation cue in Ko-
rean, a language without any lexically specified prosody.

The prosodic unit that may help segmentation process of
Korean, if any, would be the Accentual Phrase (henceforth
AP). The AP is the most basic tonally defined prosodic
unit in Korean prosodic hierarchy [12], and it is dominated
by an Intonational Phrase (henceforth IP). The AP could
potentially provide strong cues to aid in word
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ntation, since it is marked by distinctive tonal
s, and it usually contains no more than two content
in it. The underlying tonal pattern of an AP is
. The initial tone (T) is realized by H when AP ini-
gment is aspirated or tensed, and by L elsewhere.
gh THLH is the most common pattern of the AP,
ntonational contours may also occur. In general, an
rts with a rising pitch, and the H in the rising pattern
ned to the second syllable of an AP. In normal
rate, AP contains one or two content words and a
arker or a postposition. It is reported that Korean
ntain 1.2 content words on average [13]. AP-final
es do not usually show phrase final lengthening,
re is no pause between AP boundaries [12].

rpose of the present study is to examine whether the
ic properties of a post-lexical intonational unit can
gmentation in the same way that lexical prosodic
o, by investigating the effect of various tonal con-
f AP in word segmentation.

2. EXPERIMENT

ials

d spotting task was employed for the current study.
rget words were sixteen disyllabic (CV.CV) and
trisyllabic nouns (CV.CV.CV). The frequency and
rity of target words were controlled. Each target
as inserted into a speech stream that was composed
e APs of four syllables. Speech streams were pro-
as a single Intonational Phrase, and there were no
pauses in AP boundaries. The syllables in a speech
were ordered in such a way that no consecutive
es, other than the target word, formed a word in
. In the target-bearing streams, the target words
serted in the second AP of the streams with varying
atterns. The first and third AP of the target-bearing
had LHLH tone contour. In addition to 32 target
16 disyllabic and 16 trisyllabic filler words were
d in the experiment. The filler words were real Ko-
ouns as well. In order to increase the variety of
ts and to prevent the listeners from predicting the
le locations of the target words, the filler-bearing
s contained a filler word either in the first or the
P, and the APs that did not contain the filler word
rious tonal patterns other than LHLH.

were three tonal patterns for AP initial position and



medial position, respectively, as shown in Table 1.

AP initial APmedial

LH L H LH LH

LH H H L L R H 1

L L L H L L L H

Table 1. Tonal patterns and location of real words in each
condition. Bold and italicized characters indicate the loca-
tion of disyllabic words and underlines indicate that of
trisyllabic words.

The tonal patterns used for the experiment were LHLH,
LHHH, LLLH, and LLRH. LLRH was an illegal AP tone
pattern in Korean, whereas the others were legal. LHLH
was employed in both AP initial and medial positions
since it is the most common AP pattern of Korean. LHHH
was selected to see the effect of an H tone after the
uniqueness point, in contrast to the L tone in LHLH.
LLLH was chosen to compare the effect of initial rising
against that of non-rising. Finally, the illegal pattern
LLRH was employed only in the AP medial position, in
order to compare the effect of rising tone in different con-
texts.

Every target and filler word was embedded in six different
tonal pattern contexts, shown in Table 1. The experiment
thus had six lists, arranged such that each listener heard
every word just once, in one of the six tonal contours.
Each list contained 32 target strings and 32 filler strings in
a pseudo-random order, and no two stimuli with the same
tonal pattern were presented in a row. Half of the partici-
pants were given the lists in one pseudo-random order, and
the rest of the participants were given the lists in reverse
order.

The non-sense speech streams for the experimental stimuli
were recorded onto Digital Audio Tape in a sound-
attenuated booth by a female native speaker of Seoul Ko-
rean (the author), and digitized at a sampling rate of
22kHz. The duration of the each speech stream and tonal
pattern were modified with Praat software, when neces-
sary.

Participants and Procedure

Seventy-two native speakers of Seoul Korean, born and
raised in Korea and studying at UCLA or Stanford Univer-
sity at the time of the study, participated in the experiment.
They were paid for their participation. Participants were
tested individually in a sound-attenuated booth. The
PsyScope software package and a CMU button box were
used for stimulus presentation and RT recording. They
were informed that the words that they had to spot were
disyllabic or trisyllabic nouns of Korean. They were asked
to say the word out loud as soon as they spotted a word

1
R indicates rising on the third syllable.
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Figure
he given speech stream. Reaction time (henceforth
easure was activated by listener’s voice, and the oral
ses were recorded into a Macintosh computer using
ogram SoundEdit. Missing or incorrect responses
eported as errors. Every listener heard eight practice
before she/he was exposed to one of the six main
ental lists.

3. RESULTS

corded RTs were adjusted to measure from target
ffset to the beginning of listeners’ utterance. RTs
the range of 4000 ms were treated as errors. The
g rate was 57.6%, the rate of incorrect response was
and the rate of RTs over 4000 ms was 1.8%. Thus,
rall error rate was 66.9%. Because of this very high
ate (indicating a lot of missing data for the RT
es), error rate was taken as the primary dependent
re for the experiment.

sults showed that there was an effect of word length
or rates. Listeners missed more disyllabic words
isyllabic words. An ANOVA performed on error rate
d significant differences between the two syllabic
ries (F (1, 2302) = 185.655, p < .0001). An effect of
ation was also found. The result of the ANOVA
d that the words located in AP initial position were
to spot than those in AP medial position (F (1, 2302)
888, p < .0001). Listeners were significantly better
ting words in each of the intial three tonal contours
red to the medial three tonal contours.

uent ANOVAs were performed separately for the
bic initial and medial targets, and for the trisyllabic
and medial targets. Mean error rate for the separate
ons are shown in Figure 1 and Figure 2.
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Figure 2. Error rates of trisyllabic words for six different
tonal patterns

In the disyllabic initial condition, the tone effect was
marginally significant (F (2, 573) = 2.927, p = .05).
However, post-hoc analysis showed that the error rates in
LHH and LHL were significantly lower than that of LLL
(p < .05, in both cases). There was no statistically
significant difference between LHH and LHL. In the
dysillabic medial condition, the tone effect was significant
(F (2, 573) = 9.253, p < .0001). The error rates of HLH
and LLH were significantly higher than that of LRH (p
< .0001, p < .01, respectively). Although HLH showed
higher error rates than LLH, the difference between the
two was not significant. There was no significant tone
pattern effect in trisyllabic words, regardless of their
location within AP.

An ANOVA performed on mean RT showed that there
were significant effects of syllable count as well as loca-
tion of word in AP. RT was significantly faster for trisyl-
labic words than disyllabic words (F (1,1532) = 67.889, p
< .0001), and for initial position than medial position (F (1,
1532) = 116.895, p < .0001). RTs were significantly faster
in each of the three initial tonal contours compared to the
three medial tonal contours in both disyllabic and
trisyllabic words.

AP initial AP medial

LHL LHH LLL HLH LLH LRH

2syll 817.7 759.1 872.5 1468.6 1331.4 1382.2

3syll 546.6 585.3 583.2 818.3 713.7 742.5

Table 2. Mean RTs (ms) in different tonal conditions.

As expected, RT did not reveal as much effect of tone
patterns as error rates. ANOVAs performed separately
depending on the number of syllable and location of AP
did not reveal any significant effect on RT. A post-hoc
analysis showed that listeners were faster in spotting
words in LHL than LLL (p < .05) with regard to disyllabic
words in initial position. No other significant difference
among tone patterns was found.
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4. SUMMARYAND DISCUSSION

sults revealed a strong effect of number of syllables
et words. Error rates were significantly lower and
potting was faster in trisyllabic target words than in
bic target words. Furthermore, no tone contour
was found in detecting trisyllabic target words,
in error rate or in RT measures. This suggests that it
latively easy for the listeners to spot trisyllabic
without relying on tonal patterns, and that
bic target words showed a ceiling effect.

sult seems to be an artifact produced by the initial
word selection procedure for the experiment and by
ture of Korean lexicon itself. In order to perform a
sful word spotting task, one should not select a
hich embeds another word as a target. However,
orean trisyllabic words within a certain frequency
happened to contain a string of syllables which
d exactly like existing disyllabic words, such as
‘frost’ in moseori ‘angle’ and tari ‘leg’ in tarimi
The experimental design was faithful to the ‘no
ithin-word’ constraint despite the difficulty, and as
lt, most of the selected trisyllabic target words
out to be quite distinctive by the time the second
e was presented. In other words, the trisyllabic
words had early uniqueness points and did not have
neighbors, and this seems to be the reason why the
bic words showed a ceiling effect. Listeners were
identify the trisyllabic target words correctly and
eady to respond even before they heard the whole
string of the words. The results imply that post-
tone pattern would be less crucial in word
ition than an instrinsic lexicl property as early
ness point.

sults also showed that there was a positional effect
entation. Listeners spotted words more reliably in
tial position than in AP medial position, and RT was
ster in AP initial than in medial position. This effect
ot only when the average values of the two
ons were compared, but also when each individual
attern in the conditions were compared. Listeners
ignificantly better when the words with the rising
atterns were AP initial (LHLH, LHHH) than when
ere AP medial (LLRH). The same effect was also
ed when the words occurred with non-rising pitch
s. Listeners were better at detecting words with
tone in initial than with LLLH in medial position.
r, the results showed that non-favorable tonal
in initial position (LLLH) was significantly more
l to the listeners than favorable tonal pattern in
position (LLRH). These results indicate that there
general AP initial advantage across the tonal
rs.

ell known that segmental phonetic properties vary
ing on prosodic context. Studies on speech produc-
various languages, including on Korean [14], have
that the segments were stronger in terms of articu-
and acoustic magnitude in domain initial position



than in non-initial position. Although it has been hypothe-
sized that listeners would get some perceptual advantage
from this effect, there has been little direct evidence in
support of this. For this experiment, the target words were
produced as naturally as possible in the given prosodic
contexts. Thus, it is likely that the segments were pro-
duced with more strength in the AP initial than in the me-
dial positions, and this affected listeners’ performance.
The current result is a piece of evidence revealing that
listeners actively make use of the subtle phonetic cues
existing in domain initial positions when they process
spoken language. The phonetic cues at prosodic edges
make it easier for listeners to find the boundaries for
speech units, and hence help the segmentation process of
spoken input.

The overall results on the individual tonal patterns indicate
that listeners use cues from various tonal patterns in a se-
lective way. The error rate and RT of initial LHL and LHH
patterns were not different from each other. It suggests that
the falling to the low tone after the target word does not
necessarily aid segmentation by marking discontinuity
from a given word. It also implies that once the word is
recognized in one way or another, listeners do not pay
attention to the following tonal patterns. The error rate of
medial LHLH was higher than that of medial LLLH,
which indicates that negative tonal cue (falling, as op-
posed to rising) affect listeners’ segmentation process in a
destructive way. It further implies that the tonal contours
can have both a facilitative and a disruptive influence on
segmentation.

In disyllabic target words, the words with rising tonal
contours (LH / LR) were spotted more reliably and faster
than the ones with no pitch rising (LL), both in AP initial
and medial positions. Although rising contours in the mid-
dle of APs do not occur in Seoul Korean, the unaccept-
ability of the given tonal pattern did not interfere listeners’
segmentation process — and in fact, it aided the process.
If the listeners had relied more on the familiarity and ac-
ceptability of the tonal patterns, they should have been
better with LLLH or LHLH tone than LLRH. Therefore,
the result suggests that rising pitch in word initial position
is a reliable cue for word segmentation for Seoul Korean
listeners.

To summarize, the results of this study suggest that word
segmentation is aided by prosodic information represented
in subtle phonetic differences of spoken language, that a
post-lexical tonal pattern marking a phrasal prosodic unit
can help word segmentation just as well as lexical prosody
can, and that rising AP-initial pitch is a reliable cue for
word boundary detection for Korean listeners.
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