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Abstract

Work on pitch accent languages has shown that fO shape facil-
itates word recognition. That is, listeners are faster recognizing
words which are accented than words which are unaccented.
Less is known about the role of fO in languages that do not
makes use of pitch accents. In those languages, it could be that
fO still contributes to word recognition to some extent or that
word recognition is aided by boundary tones, rather than pitch
accents. Korean is a language without pitch accents, making use
of boundary tones only (i.e., edge language). The current study
extends earlier work by replicating its experimental paradigm,
i.e. it tests the effects of fO shape and phrase position in a word
recognition experiment. The results confirm the status of Ko-
rean as an edge language and are interpreted in a prosodic typo-
logical context.

Index Terms: fO, word recognition, phrase position, Korean,
prosodic typology.

1. Introduction

Typologically, languages have been categorised for their
prosodic features at the word- and phrase-level, including the
rhythmical characteristics that originate from both levels [4].
The most important distinction concerns the one between differ-
ent types of prosodic prominence: either head, the edge, or head
and edge. In short, linguistic constituents are marked prosodi-
cally either at their head, at the edge(s) or at both locations.
A second prosodic typological distinction is made at the word
level, i.e. whether a language has stress, tone, both or none. The
idea is that word prosodic marking only concerns heads, and
that consequently no edge language has word prosody. See [5]
for a typological account of the relationship between word- and
phrase-level prosody. In typological studies, Korean is therefore
analysed as an edge language, similar to West Greenlandic [6].

Korean is traditionally analysed within the Autosegmen-
tal Metrical framework (AM; e.g., [1]) as a language in which
prosodic phenomena operate at the level of the Accentual
Phrase (AP, e.g. [2]). Although the length of an AP may vary,
generally it is reported as being the size of a word (minimally)
or a small phrase (e.g., [3]). The edges of Korean APs are
marked tonally by a low-high accent (LH) AP-initially and -
finally [4]. As for the word level, Korean is analysed as hav-
ing no word stress or any specific prosodic marking at the lex-
ical level (e.g. [2]). Thus, Korean is further analysed as having
no pitch accents, in line with the common assumption in AM-
approaches that pitch accents at the phrase level align with syl-
lables that are stressed at the word level.

There is limited work on the role of prosody to word recog-
nition for languages with only phrase-level prosody. This issue
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is not trivial, in particular because speakers can make changes
in prosodic phrasing in order to draw focus on specific words
[4]. It is furthermore known from perception studies on head
languages that listeners recognize accented words faster than
unaccented words [8]. This effect was furthermore found to de-
pend on phrase position, with accents in final phrase position
facilitating word recognition to a larger extent than in earlier
positions [9]. These results match with those from language ac-
quisition studies showing that in child directed speech, impor-
tant words are often post-positioned and produced with wider fO
excursions [10]. It is thus not a priori clear to what extent word
recognition is affected by fO shape and phrase position in edge
languages, such as Korean.

Previous perception studies on Korean have mainly focused
on word segmentation, i.e. prosodic cues with which listeners
can break down the speech stream into words ([11], [12]). One
study used acoustically manipulated stimuli presented as trisyl-
labic sequences as words in an artificial language [11]. The ma-
nipulated cues concerned duration (final lengthening), ampli-
tude (initial strengthening), initial fO (high) and final fO (high),
with no manipulation of any syllable as a baseline. Listeners’
task was to detect whether a sequence was part of an artificial
language that they familiarized with prior to the experiment.
Duration, amplitude and final fO were shown to facilitate listen-
ers’ segmentation performance. It was argued that despite Ko-
rean lacking word prosody, APs often coincide with words and
provide therefore helpful prosodic cues to their segmentation.

The role of fO in Korean word segmentation was also inves-
tigated in a word spotting task using manipulated fO movements
in the AP (LH, LL, HH, HL) and before the left edge of the AP
(pre-boundary L or H) [12]. Results showed that listeners could
segment most accurately with a pre-boundary H, and an initial
L tone in the AP (LH or LL). The tonal combination across
the AP boundary thus matters. A subsequent segmentation ex-
periment tested the role of pre-boundary final lengthening, i.e.
before the start of the AP, in addition to the tonal configura-
tions just mentioned. The results showed that final lengthening
helped listeners only when the pre-boundary tone is L, which
occurs infrequently in Korean. The latter effect thus showed that
fO and duration do not have a cumulative effect. Only when 0O
does not provide clear cues listeners do use duration.

The current study on Korean extends previous work on
American English and Papuan Malay [13] that the extent to
which Papuan Malay has pitch accents, like American English
[1]. To this end, a word recognition task was carried out in
which listeners responded as quickly as possible which out of
two written words on a screen they heard in the stimulus. Stim-
uli were spoken carrier phrases containing a target word with
original or manipulated (flat) 0, and in phrase-medial or phrase-
final position. Results showed that in both languages listeners
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were faster recognizing the target word when it had original fO
(as opposed to a flat f0) and when it occurred in phrase-final
position (as opposed to phrase-medial position). Given the sim-
ilarity between the languages, it seemed that Papuan Malay lis-
teners benefited from accentuation, just like the American En-
glish listeners. Despite these similarities, the prosody of both
languages is likely to be different, both with respect to the type
of word stress (e.g., [14] and the use of phrase accents [15].
These results suggest that Papuan Malay might be a head or
head/edge language, whereas American English has been tradi-
tionally analysed as a head language. It is therefore important
to extend this work by investigating an edge language such as
Korean.

It thus remains to be seen whether Korean listeners indeed
benefit from fO shape and phrase position in word recognition.
Given the lack of pitch accents and word prosody in Korean we
hypothesize that word recognition for Korean listeners would
not be facilitated by f0 to the extent that it is for American En-
glish and Papuan Malay listeners [13]. There could, however be
an effect of phrase position in that phrase-final words are recog-
nized faster, either as a generic recency effect [16] or because
it coincides with the right edge of the AP, facilitating segmen-
tation [11]. To investigate these questions, we replicate the task
used in [13], of which the methodological details are outlined
in the next section.

2. Methodology

A reaction time (RT) experiment was designed in which listen-
ers task was to identify a target word from an auditory stimu-
lus. Two experimental variables were crossed: target words oc-
curred either with their original fO contour or with a flat (manip-
ulated one, and they either occurred in phrase-medial position
or in phrase-final position (2 x 2). Unless otherwise stated, all
methodological descriptions match the ones in [13].

2.1. Participants

26 native speakers of Korean (variety) participated in the ex-
periment: 12 F, 14 M, M age: 31.4, age range: 27-39. None of
them had hearing problems.

2.2. Stimuli

Stimuli consisted of spoken carrier phrases with the target word
embedded medially or finally (see 1). Note that we henceforth
refer to phrase-medial and phrase-final, where ‘phrase’ refers to
the respective positions in the carrier phrase, not in the phrase
(i.e. IP or AP) in the phonological sense. The carrier phrases
were produced by a female native speaker of Korean (Seoul va-
riety) and were chosen such that they matched the phrase con-
structions used in [13]. All further processing of the recordings
was done using Praat [17]. The intensity of the recorded car-
rier phrases was scaled to minimize acoustic differences be-
tween the stimuli that were not part of the experiment. Target
words were all disyllabic and had a [CV.CV] syllable struc-
ture. For each target word a distractor was chosen. Both target
and distractor were presented on screen and participants had
to indicate which of them they heard in the stimulus. Distrac-
tors had the same initial syllable as the target. In this way, the
uniqueness point (UP) at which participants could identify the
target occurred in the middle of the word, warranting attention
to the relevant cue (f0) in the target’s acoustic realisation. The
recorded carrier phrases were annotated and segmented for the
target word and its two syllables to obtain the UP timestamps
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for each stimulus. There were 20 medial targets (med) and 20
final targets (fin).

(1) Carrier phrases with the target in phrase-medial (MED) and in
phrase-final (FIN) position.

MED Y7b @ dge] uuls, e magol.
ni-ga mal.han kurtan.a [T]-neun, na-num mo.lurke.sa
you-NOM mention the.word [T]-TOP, I-TOP don’t know

‘the word [T] you mentioned, I don’t know’

AN U mEgel, b @@ g

na-nun mo.lur.ke.sa, ni-ga mal.han kur.tan.a [T]
I-TOP don’tknow, you-NOM mention the word [T]

‘I don’t know the word [T] (you mentioned).’

2.3. F0 manipulation

FO manipulation was carried out using Time-Domain Pitch-
Synchronous Overlap-and-Add resynthesis (TD-PSOLA; [18]).
The manipulation concerned flattening of the fO on the target
word such that it followed the natural declination of the carrier
phrase (see Figure 1 for examples in all conditions). This was
done by stylization of the contour with a resolution of two semi-
tones. All pitch points in the interval of the target word were
removed. In most cases, this procedure flattened any fO move-
ment on the target sufficiently. However, the fO level at the end
of the word was sometimes higher than at the start and some-
times much lower at the end. To obtain a naturally declining fO
over the target word, additional pitch points were removed un-
til reaching the first point that was lower than the last original
point (at the start of the medial targets) or by adding a phrase-
final point (final targets). Note that the original contour also un-
derwent TD-PSOLA resynthesis (without shape manipulation),
to balance out potential effects of the resynthesis on the audio
quality. After fO manipulation, the total number of stimuli was
80 (original: 20 MED, 20 FIN; manipulated: 20 MED, 20 FIN).

2.4. Procedure

The experiment was designed in PsyToolkit ([19], [20]), which
provides an online environment to design and run experiments
via a web-browser on a PC. The software generates html pages
to instruct the participants, present the stimuli and collect the
data. Participants first received instructions about the task. Par-
ticipants completed a practice round consisting of five stimuli
to familiarize themselves with the task. At the end of the prac-
tice round participants were asked whether they felt they needed
to practice more or whether they were ready to start the actual
task. When more practice was needed, participants were pre-
sented additional stimuli. In the actual task, the target and dis-
tractor words were written on the screen, either at the left or
right side (randomly assigned). Participants’ task was to indi-
cate as fast as possible which of the two words on the screen
they heard in the phrase. They could indicate the word by press-
ing ‘1’ (left word) or ‘0’ (right word) on their keyboard (see
Figure 2). The key presses were saved and participants needed
to press the space bar to continue to the next stimulus. This was
done as self-paced RT experiments have been shown to lead to
lower rates of missed responses and to improve participants’



300

250

200

150

Pitch (Hz)

100

50
kaku

ka ku

0 2.876
Time (s)

250

200

150

Pitch (Hz)

75
kaku

ka ku

0 2.876
Time (s)

Pitch (Hz)

Pitch (Hz)

300

250

200

150

100

50
kake

0 3.162
Time (s)

300

250

200

150

kake

ka ke

0 3.162
Time (s)

Figure 1: Examples of target words with original (top) and manipulated (bottom) fO contour in medial (left) and final (right) phrase
position. Tiers show segmentation on the word (top) and syllable (bottom) level.

compliance [21]. Responses were saved as either ‘correct’ or
‘incorrect’ including the RT as measured from the UP.

Oft EfO{7} S2|LIQ?

7|7

s

Figure 2: Reaction times measured from target word onset (top)
and offset (bottom) in phrase-medial and phrase-final position
when the cue syllable was the first (grey) or second (white).

2.5. Statistical analysis

RTs longer than 2 seconds (N = 37) and RTs shorter than 200
ms (N = 8) were discarded, as they were considered unreliable
for further analysis. The RTs were log-transformed to obtain a
normal distribution of the residuals. Thereafter, outliers were
removed from the data, following a procedure outlined in [22].
This involved removal of data points with absolute standard-
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ized residuals exceeding two standard deviations. The number
of segments before the UP was calculated for each stimulus in
order to take this into account as a factor potentially affecting
the RTs. In addition, the trial number was taken into account,
referring to the position in the experiment at which the stimu-
lus was presented. The latter was done to take potential fatigue
effects on the RTs into account.

Linear mixed modelling was performed in R ([23], [24])
using the 1merTest package [25] on the log-RTs as measured
from the UP, with the interaction of f0O shape (original, manip-
ulated) and phrase position (medial, final), and with number of
segments before UP (two, three), trial number (range 1-80) as
fixed factors. Participant and item were included as random in-
tercepts.

3. Results

Table 1: Mean reaction times (RT) in milliseconds and as log-
arithm in each experimental condition. Standard deviations be-
tween brackets.

Position  fO shape RT (ms) log(RT)

med original 627.68 (174.75)  6.40 (0.28)
manipulated  629.38 (183.85)  6.40 (0.29)

fin original 638.45 (195.01)  6.41 (0.30)
manipulated  627.66 (179.89)  6.40 (0.29)

The mean RTs show little to no difference between the exper-
imental conditions (Table 1). Thus, Korean listeners took ap-



proximately 630 ms from the UP to recognize the target word,
regardless of its fO shape and regardless of its phrase position.
The results of the LMM (Table 2) indicate no significant effect
of any of these factors. In addition, there was no effect of the
number of segments before the UP, nor of the presentation or-
der if the stimuli.

Table 2: Results of the LMM on the log-RTs.

Factor b SE df t P
(Intercept) 638 0.07 59.07 9430 < 0.001
{0 shape -0.00 0.01 1869.92 -0.19 ns.
phr.position  0.01 0.04 39.73 0.33 n.s.
segm.b.UP  0.01 0.02 36.27 0.40 n.s.
stim.no. 0.00 0.00 36.28 0.49 n.s.
f0:pos -0.01 0.02 1853.70 -0.63 ns.

4. Discussion

This study has found no effects on word recognition latencies
in Korean, either by fO shape or by phrase position. The results
seem to indicate that the two factors are not taken into account
by listeners in online word recognition. This contrast with lis-
teners of American English and Papuan Malay [13], who where
both shown to be faster for words with their original (unma-
nipulated) fO contour and when these occurred in phrase-final
position. As for f0, the lack of effect on Korean listeners is not
surprising. Korean lacks word prosody [4], so listeners appar-
ently do not need prosodic cues to recognize them. The effects
on word segmentation found for Korean were in fact originating
from a prosodic unit larger than the word (the AP). The results
are thus likely to be compatible with work showing that APs
aligning with word boundaries may facilitate word segmenta-
tion and could speed up recognition [11].

It should also be noted that the degree of fO manipulation
in Korean was less than in previous languages [13], as there
were smaller, more subtle f0 movements. For example, phrase-
final LL (Figure 1) plausibly did not change sufficiently to be
interpreted as a different tone sequence. That is, flattening the
fO still allowed for an LL perception and interpretation. Phrase-
medially, the LH tone-sequence was indeed eliminated by the fO
flattening. However, the particle == (-neun), which was added
to avoid the target word occurring directly before the phrase-
break (at the comma), was not manipulated for fO. Given that
this particle attaches to the target word, unlike ‘there’ in Amer-
ican English and ‘itu’ in Papuan Malay. That is, in the latter
two language those are separate words (cf. [13]). The original
L on the Korean particle could therefore have facilitated word
recognition to some extent.

As for the lack of effect of phrase position, the results
are somewhat counterintuitive. The literature has shown that
phrase-final positions are privileged in speech processing, as
listeners benefit from final lengthening, recency, and a pause af-
ter the phrase-final word (e.g. [26]; [27]). Although the phrase-
final effect has been partially attributed to predictability, note
that that in the current study and in [13] listeners could not
make predictions about upcoming words, as the carrier phrase
did not give any information about them. Given the effects of
phrase position in American English and Papuan Malay in an
identical task, predictability is therefore excluded as a possible
explanation for the lack of this effect in Korean. It should be
noted that final-lengthening is not consistently used by Korean
speakers and listeners (see discussion in [27]). Taken together, it
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cannot be fully excluded that Korean participants in the current
study benefited from the phrase-medial particle ‘-neun’ and did
not benefit as much from final lengthening phrase-finally. These
two factors could have contributed in such a way that no effect
of phrase position was found.

From a typological perspective, the fO is consistent with the
analysis of Korean as an edge language. In retrospect, this also
indicates that Papuan Malay is more similar to American En-
glish than to Korean in terms of word recognition. This would
imply a head/edge or head language analysis of Papuan Malay.
The results of the current study also indicate that word recog-
nition is just one way of investigating prosodic typological dif-
ferences. To solidify typological accounts, more crosslinguistic
research is needed using identical experimental paradigms.
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