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Abstract Two experiments examined whether perceptual recovery from Korean
consonant-cluster simplification is based on language-specific phonological knowledge. In
tri-consonantal C1C2C3 sequences such as /lkt/ and /lpt/ in Seoul Korean, either C1 or C2
can be completely deleted. Seoul Koreans monitored for C2 targets (/p/ or / k/, deleted or
preserved) in the second word of a two-word phrase with an underlying /l/-C2-/t/ sequence.
In Experiment 1 the target-bearing words had contextual lexical-semantic support. Listeners
recovered deleted targets as fast and as accurately as preserved targets with both Word and
Intonational Phrase (IP) boundaries between the two words. In Experiment 2, contexts were
low-pass filtered. Listeners were still able to recover deleted targets as well as preserved
targets in IP-boundary contexts, but better with physically-present targets than with deleted
targets in Word-boundary contexts. This suggests that the benefit of having target acous-
tic-phonetic information emerges only when higher-order (contextual and phrase-boundary)
information is not available. The strikingly efficient recovery of deleted phonemes with
neither acoustic-phonetic cues nor contextual support demonstrates that language-specific
phonological knowledge, rather than language-universal perceptual processes which rely
on fine-grained phonetic details, is employed when the listener perceives the results of a
continuous-speech process in which reduction is phonetically complete.
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Introduction

To recognize spoken words, listeners must map acoustic-phonetic patterns onto phonological
representations in the mental lexicon. This mapping is already very complex when the sur-
face patterns correspond faithfully to the underlying representations (see McQueen 2007 for
review). Frequently, however, this mapping becomes even more complex—in cases where
there is no one-to-one correspondence between surface realizations and words’ citation forms.
Several processes which operate during the production of continuous speech, especially when
it is fast and casual, can alter how sounds in words are realized. They include reduction (Kohler
2000; Mitterer and Ernestus 2006; Mitterer and McQueen 2009), epenthesis (van Donselaar
et al. 1999), and liaison (Spinelli et al. 2003). Many of them are variable (i.e., not mandatory):
They occur more often in some speech styles or words. How do listeners recover speakers’
intended words when the sounds in those words have been mangled by continuous-speech
processes?

One answer to this question is that listeners have knowledge about these processes, and
thus, during recognition, can recover from adjustments that speakers made during produc-
tion. A widely-studied process has been assimilation. In place assimilation in English, for
example, words ending with coronal consonants (e.g., the /t/ in late) can sound like they
end with a velar consonant when followed by a word beginning with a velar (e.g., late
cruise sounding like lake cruise). Listeners can nonetheless recognize an assimilated word,
but only if it appears with a following context which licenses the assimilation (Coenen
et al. 2001; Gaskell and Marslen-Wilson 1996, 1998; Gow 2001, 2002). This suggests
that phonological knowledge about place assimilation can be used to recover from its
effects. Gaskell and Marslen-Wilson (1996), for example, proposed a process of phono-
logical inference.

Another answer, however, is that listeners can find remnants of the speaker’s intentions
in the acoustics; that is, the speech-production mangle does not completely destroy the com-
ponents of the underlying message. Place assimilation in English, for example, can be pho-
netically incomplete, such that an assimilated consonant may maintain some of its identity
(e.g., the final consonant in late, when assimilated before cruise, has some velar and some
coronal features). Listeners are sensitive to these fine-grained differences, and can use them
in lexical disambiguation (e.g., distinguishing between late and lake; Gow 2002).

Given these acoustic signatures, it is possible that listeners could recover from continu-
ous-speech phenomena without recourse to phonological knowledge. Participants listening
to a language they are unfamiliar with can indeed show the same perceptual sensitivity to
the results of assimilation as native speakers of that language (Gow and Im 2004; Mitterer
et al. 2006). Language-universal perceptual processes can thus operate on the acoustic evi-
dence to retrieve underlying sounds. Differences in perception between native and nonnative
listeners in other studies nevertheless suggest that language-specific knowledge is used to
deal with assimilation (Otake et al. 1996; Weber 2001). An important issue, therefore, is
to establish when phonological knowledge is or is not used to recover from the effects of
continuous-speech processes.

When a tri-consonantal sequence C1C2C3 in Korean occurs in a word-form due to mor-
pheme concatenation, C1 or C2 can be deleted, especially when C1 is /l/ as in /lkt/ and
/lpt/ clusters (Cho 1999; Kim-Renaud 1976). The entire segment can be eliminated dur-
ing consonant-cluster simplification (Cho 1999; Cho and Kim 2009), leaving no resid-
ual phonetic cues to the underlying segment. A corpus study by Cho and Kim (2009)
reported that speakers of Seoul Korean produced all three variants (with C1 or C2 deleted
or both preserved) of /lkt/ and /lpt/ clusters, among which C2-deleted variants with no
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residual phonetic information occurred more than 50% of the time and C1-deleted (therefore
C2-preserved) variants 17.8% of the time. Cho and Kim suggested that both C2-deleted
and C2-preserved simplified forms are phonologically permissible in Seoul Korean, show-
ing intra-dialectal variation of cluster simplification. Successful recovery of a completely
missing segment in a simplification environment is therefore likely to rely on knowledge
about the phonological process (i.e., either C1 or C2 may be deleted), without reference to
residual phonetic information. We tested here whether Korean listeners can indeed recover
from consonant-cluster simplification especially when there are no fine phonetic remnants
of the underlying phonemes, and hence the hypothesis that listeners deal with the effects
of continuous-speech processes, at least in part, by using language-specific phonological
knowledge.

Perceptual recovery from Korean consonant-cluster simplification, however, may not
depend solely on language-specific phonological knowledge. Listeners may also use con-
textual lexical-semantic information to infer what the simplified word is (see e.g., Dahan
and Tanenhaus 2004; Mattys et al. 2005; Tyler and Wessels 1983). Once the intended word
has been inferred, recovery of the deleted phoneme could proceed without recourse to pho-
nological knowledge about the consonant-cluster simplification process itself. We therefore
tested the phonological knowledge hypothesis in two phoneme-monitoring experiments in
which the critical stimuli were presented either with or without contextual lexical-semantic
support. In both experiments we presented Seoul Korean listeners with two-word utter-
ances. The first word either was an acoustically clear token (Experiment 1) or was acous-
tically filtered (Experiment 2). The second word contained an underlying tri-consonantal
sequence and the target (either /p/ or /k/) was C2. The sequence was presented with C2
deleted (C1 and C3 were still present) or with C2 preserved (C1 was deleted, but C3 was
preserved).

In Experiment 1, we examined how listeners would process simplified forms of conso-
nant cluster simplification with contextually-driven lexical-semantic information available

in the stimuli, as in a phrase (‘although reading the notebook’). The
preceding contextual word ( , ‘notebook-Accusative’) was semantically related to
the target-bearing word ( , ‘to read-conjunction’). Given that listeners generally
process simplified forms in context, we first tested how efficiently listeners would restore
deleted phonemes as compared to physically-present phonemes in such an environment. In
Experiment 2, the preceding contextual information was removed by low-pass filtering, so
that we could test whether listeners would still be able to retrieve underlying representa-
tions of deleted phonemes efficiently even when both higher-order contextual support and
lower-order acoustic-phonetic segmental cues are absent from the input.

Across the two experiments, we also tested a more specific hypothesis about the role of
phonetic versus higher-order information in the perception of preserved versus deleted pho-
neme targets: Is perception of a deleted phoneme just as good as perception of a preserved
phoneme? On the one hand, given that physically-present (preserved) targets carry direct
acoustic-phonetic cues to consonant identity, listeners might be expected to detect physi-
cally-present phonemes more efficiently than physically-absent (deleted) phonemes. On the
other hand, although deleted phonemes lack acoustic-phonetic segmental cues, higher-order
information such as contextual and phonological information could be enough to match the
benefit of the acoustic-phonetic cues in physically-present targets. Mattys et al. (2005) indeed
suggested that, in lexical segmentation, when different levels of information are available,
higher-order information (e.g., lexicality and semantic and syntactic context) is weighted
more than sublexical information (e.g., segmental information). If this is the case in the
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processing of simplified consonant clusters in Korean, listeners should detect physically-
absent phonemes as efficiently as physically-present phonemes, especially in Experiment 1
when both contextual and phonological information are available. However, if phonological
information alone is sufficient for listeners to be able to recover from simplification, they
should detect phonemes as easily when they are deleted as when they are preserved even
without contextual support, as in Experiment 2.

We also tested whether phoneme monitoring efficiency is conditioned by the size of the
prosodic boundary before the target-bearing word. Christophe et al. (2004), in word and pho-
neme monitoring tasks in French, found that lexical access was faster when words (e.g., chat,
cat) appeared in two-word sequences (e.g., chat grincheux, lit. cat grumpy) which spanned
Phonological Phrase boundaries than in sequences within a single Phonological Phrase. Cho
et al. (2007) found that word recognition was facilitated when phonetic cues to an Intona-
tional Phrase (IP) boundary strengthened the evidence about the location of a critical word
boundary. In a study of artificial language learning by Korean listeners, Kim (2003, 2004)
showed that lexical segmentation was facilitated when acoustic cues signaled prosodic phrase
boundaries (Accentual-Phrase boundaries; these are intermediate-level prosodic boundaries
in Korean; Jun 1993, 2000). More recently, in a word-spotting experiment in Korean, Kim
and Cho (2009) showed that Korean listeners benefited from the presence of a larger pro-
sodic boundary (i.e., an IP boundary) in lexical segmentation. Listeners may thus be able to
detect targets more readily when target-bearing words appear at a larger prosodic boundary.
The materials were therefore realized with either an IP or a phrase-internal Word boundary
between the words.

Finally, the present study tested whether listeners treat /k/ and /p/ differently. It
has been suggested in the phonological literature that some sounds are perceptually
more robust than others, due to intrinsically different acoustic-phonetic properties, and
that such differences may constrain certain aspects of the sound patterns of the world
languages (Flemming 1995; Hayes et al. 2004; Hume and Johnson 2001; Jun 1995,
2004; Steriade 1999, 2001). For example, according to the listener-oriented production
hypothesis (Jun 1995, 2004; and see references therein), speakers make more effort
to preserve sounds with more robust acoustic cues, and they do this for the listener’s
benefit. This speech-production effect has been suggested as an explanation for the
cross-linguistic tendency that velars undergo phonological alterations less often than
labials or alveolars: Velars are perceptual more salient (presumably with compactness
and convergence of F2 and F3 as well as a comparatively long formant transition
due to sluggishness of the tongue body movement) than labials or alveolars, such that
speakers preserve /k/ for the listener’s benefit, and listeners in turn take advantage of
that.

Cho and McQueen (2008) created phonologically illegal assimilatory cases in Korean
in which /k/ and /p/ were illegally assimilated to the following /t/, and tested whether lis-
teners would react differently to assimilated /k/ versus /p/, relative to the unassimilated /k/
and /p/. Their results showed that detection speed and accuracy were higher for the physi-
cally-present /k/ than for the physically-present /p/, relative to their assimilated counterparts,
suggesting that listeners indeed benefited more from the acoustic-phonetic properties of /k/
than from those of /p/. The stimuli in the present study also contained /k/ and /p/ which were
either physically present or absent. If /k/ carries more robust acoustic phonetic cues than /p/
does, and listeners benefit more from the presence of a /k/ than from the presence of a /p/,
detection of physically-present /k/ (relative to deleted /k/) should be easier than detection of
physically-present /p/ (relative to deleted /p/).
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Experiment 1

In this experiment, we examined how listeners recover underlying representations of phys-
ically-absent (deleted) phonemes due to consonant cluster simplification with contextually-
driven lexical-semantic information available in the stimuli.

Method

Participants

Ninety-six students at Hanyang University, Seoul, were paid to participate. They were all
native speakers of Korean, who had all been taught English as a second language during
secondary education.

Materials

The target phoneme in experimental trials was always the second member of the complex
coda (C1C2) in the first syllable of the second word of a two-word utterance (e.g., for
/p/, ‘although the view is wide’; for /k/, ,
‘although the air is clear’; note that ‘-’ refers to a morpheme boundary, and that the words are
specified phonemically with IPA transcriptions). In these trials C1 was always /l/, and C3 (the
initial consonant of the second morpheme) was always /t/. Six words served as /p/-bearing
and eight as /k/-bearing test words, yielding a total of 14 test words. The full set, which
consists of all lexical sequences in Korean meeting the required constraints that we could
find, is in the Appendix.

Another 14 two-word sequences were constructed as foils which had no instances of the
specified target (thus no response was required). The second words in the foil sequences were
the same as the test words but the first (preceding) words were different from those used in
the experimental items. The presence of these foils prevented participants from predicting
reliably whether a given trial would contain a target. The foil trials always appeared later
in the experiment than their corresponding experimental trials with the same word, so that
they would not influence the listener’s performance on the experimental items. Furthermore,
20 fillers and 20 filler foils (again two-word phrases) were constructed with tri-consonantal
sequences not used in the test words.

In total, there were 68 trials with /p/ and /k/ as targets (34 target-present and 34 foil trials).
All targets occurred in similar contexts in terms of prosodic boundaries and target locations.
Finally, 15 practice items were constructed. The practice items included both C2-deleted and
C2-preserved items with consonant clusters not used in the test words.

Materials were recorded in a sound-damped booth by a male native Korean speaker. IP
renditions were obtained by instructing the speaker to produce the stimuli naturally and com-
fortably. For Word boundary renditions, the speaker was asked to connect the two words as if
forming a single unit. Each test sentence was read several times, with either an IP boundary
or a phrase-internal Word boundary between the two words. The prosodic boundaries (IP
vs. Word) of the spoken stimuli were transcribed by two trained Korean phoneticians (one
of them was the first author). Among those tokens that were agreed by the transcribers to
meet the intended prosodic boundary conditions, the best token of each stimulus (the one
that was perceived to be most naturally pronounced as intended) was chosen for use in the
experiments.
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Note that, in Korean, C3 (/t/) is always released into the following vowel, while C2 (/p/ or
/k/) is never released. Therefore, it was either entirely absent (in the C2-deleted condition),
or unreleased (in the C2-preserved condition), as appropriate for coda stops in Korean (Cho
and McQueen 2006). C2 targets, when preserved, were therefore cued primarily by acoustic
information, especially formant transitions, in the preceding vowels. Given that it was critical
for the present study to obtain completely deleted C2 forms, three steps were taken.

First, the speaker read two scripts, one with the target-bearing words written with C2
deleted, and one with C2 preserved (C1-deleted). That is, the target-bearing words were
intentionally misspelled as either C2-deleted or C1-deleted (C2-preserved) forms in order to
induce the speaker to pronounce completely deleted forms without being influenced by the
written underlying consonant (C1 or C2) that was not to be pronounced. Since the Korean
alphabet (Hangul) is phonologically fully transparent, the use of such scripts ensured that
the speaker pronounced the test words as intended. Second, two trained Korean phoneticians
examined the recorded C2-deleted variants, and reported that the selected C2-deleted variants
did not contain any perceptual phonetic remnants of the underlying C2. Third, we checked
that the C2s in the C2-deleted variants were completely deleted by running an auditory-
perceptual pretest with a two-alternative forced choice (2AFC) task.

Pretest

Materials

Test items contained only a part of each C2-deleted VC1C3V sequence. That part consisted
of only the second half of the preceding vowel, then the C1C3 sequence, and then the first half
of the following vowel.1 The excised parts therefore included the critical portions, especially
the preceding vowel and the liquid /l/ (C1), which would contain acoustic-phonetic infor-
mation for the deleted C2, if it were to exist, but without lexical/contextual support. (Recall
that, in Korean, syllable-final stops are never released, and therefore their acoustic manifes-
tation is primarily reflected in formant transitions in the surrounding vowels; e.g., Cho and
McQueen 2006). The auditory stimuli were excised from all 28 test items (6 /p/-deleted and
8 /k/-deleted items, each with IP and Word boundaries).

Procedure

Thirty Seoul Korean undergraduate students (other than those who participated in the main
experiment) participated in the pretest. They were asked to choose whichever of the two
consonants, /p/ or /k/, they thought could possibly be present between the two consonants C1
and C3 in each VC1C3V sequence. The stimuli were presented through headphones using
NESU experimental control software. On each trial, the subject heard the critical part twice
(with a 500 ms inter-stimulus interval) and had to press a response button labeled either /p/
(‘ ’) or /k/ (‘ ’). So that the total number of /p/ targets and /k/ targets would be the same, the
trials were repeated three times for the /p/-deleted variants and four times for the /k/-deleted
variants, yielding 96 trials. The inter-trial interval was 4 s.

1 In several cases it was difficult to excise exactly the second half of V1 because the boundary between the
vowel and the following sonorant /l/ (C1) was hard to distinguish. Given that the tokens which were relatively
easy to segment into V1 and C1 showed approximately a two-to-one ratio between V1 and C1, we decided
in the more difficult cases to excise the part including the second two-thirds of the entire V1C1 sonorant
sequence.
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Results

A series of chance-level one-sample t-tests were conducted separately for /p/ and /k/ targets in
each of the IP and Word conditions. Listeners performed the task at chance level, as revealed
in both by-subjects and by-items analyses (all differences from 0.5 at p > 0.1). The mean
percent correct accuracies were 50.9% (s.e., 1.4) and 50.3% (s.e., 1.7) for /k/ and /p/ targets
in the IP condition and 49.0% (s.e., 2.0) and 51.1% (s.e., 2.1) for /k/ and /p/ targets in the
Word condition. This suggests that the deletion of C2 was complete. The materials did not
contain any acoustic residuals of the C2-deleted phonemes that could be used by listeners at
the auditory level. Repeated measures ANOVAs with Boundary (IP vs. Word) and Consonant
(/k/ vs. /p/) as between-subject factors also showed no significant main effects or interac-
tions (Boundary: F1(1, 29) < 1, F2(1, 12) < 1; Consonant F1(1, 29) < 1, F2(1, 12) < 1).
This confirmed that the auditory materials used in the present study were neutral, with no
acoustic-perceptual bias toward any particular target in either condition.

Procedure

Participants in the main experiment were divided into four groups of 24. Two groups were
presented with the IP-boundary and two with the Word-boundary materials. Two lists were
constructed for each prosodic boundary condition, with the C2 deletion condition (C2-deleted
or C2-preserved) counterbalanced over the two lists. One group of listeners within each pro-
sodic boundary condition heard each list. Each listener heard all fillers and one version of
each of the test words, but never both the C2-deleted and C2-preserved form of the same test
item.

The participants’ task was to detect pre-specified target phonemes, which they were told
would occur, if at all, within the first syllable of the second word in each utterance. Targets
were printed in Hangul for 1 s on a computer screen: (p) and (k). Each spoken stimu-
lus began immediately after the visual target disappeared. A new target was presented prior
to each stimulus. Participants were instructed to press a button as fast and as accurately as
possible when they detected a target. Response latencies relative to the offset of the C1C2
sequence (i.e., the end of the stop closure for C3 /t/) and errors were recorded. (Since tar-
gets were not physically present in the C2-deleted condition, C3 was used as a consistent
alignment point for measuring latency).

In order to ensure that the speaker had reliably produced utterances with Word and IP
boundaries, we measured the duration of the vowel of the preboundary syllable, as phrase-
final lengthening is one of the most reliable phonetic signatures of a prosodic boundary (e.g.,
for English, Edwards et al. 1991; Wightman et al. 1992; for Korean, Jun 1993; Cho and
Keating 2001; Kim and Cho 2009). An ANOVA showed that there was a main effect of
prosodic boundary on preboundary vowel duration, showing that preboundary vowel was
significantly longer before IP than Word boundary (F(1, 12) = 778.64, p < 0.0001; means,
221.6 ms vs. 87.5 ms). There were no effects of C2 deletion, C2 identity or interactions
between factors on preboundary vowel duration. These results thus provided acoustic sup-
port for the IP versus Word boundary divisions that were determined by the two transcribers.

Results

Each subject was expected to provide at least two correct responses for either /p/ or /k/ in
the C2-preserved condition. One subject failed this criterion. Table 1 shows mean error rates
and latencies for the remaining 95 subjects.
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In ANOVAs on the errors, with the factors C2 Identity (/k/ vs. /p/), C2 Deletion (C2
deleted or preserved), and Prosodic Boundary (Word or IP boundary), there was a main
effect only of C2 Identity which was significant by participants, but marginal by items: /k/
was detected, on average, 5% more accurately than /p/ (F1(1, 91) = 4.262, p < 0.042;
F2(1, 12) = 3.83, p < 0.08). No other effects or interactions were significant. Critically,
there was no C2 Deletion effect (F1(1, 91) = 2.39, p > 0.1; F2(1, 12) = 1.16, p > 0.1):
The error rate in the C2-deleted condition was not significantly higher than that in the C2-
preserved condition. Planned comparisons showed no significant differences between C2-
deleted and C2-preserved conditions for each prosodic boundary and consonant type.

In ANOVAs on latencies, in line with error analyses, there was no main effect of C2 dele-
tion (F1(1, 91) = 2.67, p > 0.1; F2(1, 12) = 1.95, p > 0.1) and an effect of C2 identity,
with /k/s recognized on average 69 ms more quickly than /p/s (F1(1, 91) = 14.98, p < 0.001;
F2(1, 12) = 16.41, p < 0.005). The C2 Identity factor did not interact with any other fac-
tors. Responses to /k/ were therefore both faster and more accurate than responses to /p/
across Prosodic Boundary and C2 Deletion conditions, as can be seen in Table 1. There was
also a main effect of Prosodic Boundary significant by items and marginal by participants
(F1(1, 91) = 3.89, p < 0.08; F2(1, 12) = 4.59, p < 0.05), which did not interact with any
other factors: Targets were detected faster after IP than after Word boundaries.

In sum, listeners detected physically-absent targets (in the C2-deleted condition) as accu-
rately and as fast as they detected physically-present targets (in the C2-preserved condition).
They also generally performed better with /k/ than with /p/ (as reflected in both errors and
latencies) and after IP versus Word boundaries (as reflected in latencies) regardless of whether
C2 was deleted or preserved.

Summary and Discussion

The results of Experiment 1 showed that native speakers of Korean were as accurate and
fast detecting physically-absent phonemes as detecting physically-present phonemes in
consonant-cluster simplification environments. Because the physically-present target con-
tains additional acoustic-phonetic cues, listeners were, all else being equal, expected to per-
form better in detecting preserved than deleted targets, but this was not the case. This suggests
that something more than physical acoustic-phonetic cues was used by listeners in detecting
the target. The results also showed a trend towards an effect of prosodic boundary: Listeners
tended to be faster in detecting C2 targets when the target-bearing word was preceded by an IP
boundary than when it was preceded by a Word boundary. This effect did not interact with C2
Deletion and C2 Identity factors, showing that the presence of an IP boundary facilitated the
target detection of both deleted and preserved /k/ and /p/. Finally, there was also an effect of
C2 Identity but crucially without any interaction with C2 Deletion: Listeners were generally
more accurate and faster in detecting /k/ than /p/, regardless of whether the target was phys-
ically present or absent. The /k/-/p/ asymmetry therefore cannot be interpretable as coming
from more robust acoustic-phonetic cues associated with physically-present /k/ versus /p/.

The most important of these findings is the fact that listeners were able to detect phys-
ically-absent (deleted) targets as efficiently as physically-present targets. This implies that
the way in which listeners recover from continuous-speech production processes cannot
be due entirely to language-universal perceptual processes which use low-level acoustic
phonetic information (e.g., as in the feature-parsing account of assimilation proposed by
Gow (2001, 2002), Gow and Im (2004)). Given that no acoustic information about the tar-
gets was available when they were deleted, language-specific knowledge must have been
employed to recover their underlying representations. The most relevant language-specific
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knowledge is phonological knowledge—i.e., the phonological phenomenon that in a tri-
consonantal sequence C1C2C3 either C1 (/l/) or C2 (/k/ or /p/) is deleted. This knowledge
may help listeners to restore the deleted phoneme C2 (e.g., via a process of phonological
inference; Gaskell and Marslen-Wilson 1996, 1998).

As noted earlier, however, listeners can use contextual lexical-semantic information in
lexical processing (e.g., Dahan and Tanenhaus 2004; Mattys et al. 2005; Tyler and Wessels
1983). In the stimuli of Experiment 1, the preceding contextual word was semantically related
to the target-bearing word (e.g., ‘notebook’ and ilk-ta, ‘to read’). As suggested by
Mattys et al. (2005), higher-order information (in this case, the contextual lexical-semantic
information) may be weighted more than lower-order information (in this case, phonological
information). It is therefore possible that the contextual support in Experiment 1 contributed
to the recognition of the target-bearing word, and that this in turn reduced processing differ-
ences between C2-deleted and C2-preserved variants. If this were the case, the recovery of
deleted phonemes could be due to listener’s use of contextual lexical-semantic knowledge,
rather than language-specific phonological knowledge. In Experiment 2, we further explore
this question by examining how listeners’ performance changes when the contextual support
is removed from the input.

Experiment 2

In this experiment, we examine how listeners detect target phonemes (/p, k/ in /lpt/ or
/lkt/) when the information in the preceding context was removed from the input by low-
pass filtering. Of course, given the lack of contextual lexical-semantic support, listeners’
performance, whether the target is physically present or absent, is expected to be poorer
than their performance in the presence of such contextual support (in Experiment 1). Cru-
cially, if the Experiment 1 listeners’ ability to restore physically-absent phonemes stemmed
primarily from the use of lexical knowledge associated with contextual information, listen-
ers in Experiment 2, with the input devoid of contextual lexical-semantic support, should
find it much harder to restore deleted phonemes than to detect physically-present phonemes.
Alternatively, however, if language-specific phonological knowledge is still effectively used
in restoring deleted phonemes, the Experiment 2 listeners should still be able to restore them
efficiently, and perhaps even so efficiently that they perform as well on deleted targets as on
physically-present targets.

Experiment 2 will also allow us to test whether the asymmetry between /k/ and /p/ found
in Experiment 1 (overall better detection of /k/ than /p/) has to do with different degrees
of contextual support. If preceding contexts happened to have stronger semantic association
with /k/-bearing words than with /p/-bearing words, they could have helped listeners more
with detection of /k/ than of /p/. If this were the case, the asymmetry is expected to disappear
when the contextual semantic information is no longer available.

Method

Participants

An additional 96 students at Hanyang University, Seoul, were paid to participate. As in
Experiment 1, they were all native Korean speakers, who had all been taught English as a
second language at secondary school.
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Materials and Procedure

The same materials and procedure as in Experiment 1 were employed, except that the con-
textual information preceding the target-bearing word was removed. The removal of the
contextual information was carried out by applying a FFT (Hanning) low-pass filter to the
preceding contextual word (with a cutoff frequency of 350 Hz and a 2048-point window
size). The reduction in amplitude in the contextual word due to the filtering was compen-
sated by increasing the filtered signals’ amplitude up to the level of the original signals. The
intelligibility of the filtered portion of each stimlus was initially checked by the first author,
and confirmed by two more native speakers of Korean. They all reported that they could not
identify the words in the filtered portion of each stimulus.

Results

As in Experiment 1, each subject was expected to provide at least two correct responses for
either /p/ or /k/ in the C2-preserved condition. Two subjects failed this criterion. Table 2
shows mean error rates and latencies for the remaining 94 subjects.

ANOVAs on the errors showed a main effect of C2 identity by participants, but not by
items (F1(1, 90) = 10.96, p < 0.001; F2(1, 12) = 1.299, p > 0.1). This time, however,
the trend was opposite to that in Experiment 1: /k/ was detected on average 6% less accu-
rately than /p/. Again, contrary to the results of Experiment 1, there was a main effect of C2
deletion significant by participants and marginal by items (F1(1, 90) = 9.42, p < 0.005;
F2(1, 12) = 3.97, p < 0.08): Responses in C2-preserved conditions were, on average, 6%
more accurate than in C2-deleted conditions. Importantly, however, the C2 deletion effect
interacted with Prosodic Boundary (F1(1, 90) = 8.71, p < 0.01; F2(1, 12) = 4.63, p <

0.05). Planned comparisons showed that error rates were significantly lower for the C2-
preserved than for the C2-deleted condition in the Word boundary condition (by 11%, on
average; t1(91) = 3.823, p < 0.0001; t2(13) = 2.826, p < 0.05), but not in IP boundary
condition (a mean difference of only 1%; t1(91) < 1, t2(13) < 1). Thus, the physical pres-
ence of C2 indeed improved accuracy of listener’s phoneme monitoring (i.e., it was more
accurate relative to the C2-deleted condition) when the contextual information was removed,
but only in the Word boundary condition. No other interactions (including C2 identity) were
found, indicating that the effect was consistent for both /k/ and /p/. This effect is shown in
Fig. 1a. (Further comparisons conducted separately for /k/ and /p/ confirmed the preserved-
deleted effect in the Word boundary condition, significant by both participants and items
(/k/, t1(45) = 3.078, p < 0.01; t2(7) = 2.511, p < 0.05; /p/, t1(45) = 2.297, p < 0.05;
t2(5) = 2.735, p < 0.05)).

ANOVAs on latencies showed no main effect of C2 Identity (F1(1, 90) < 1, F2(12) < 1)
and C2 Deletion (F1(1, 90) = 2.304, p > 0.1; F2(1, 12) = 1.467, p > 0.1). There was
only a trend effect of Prosodic Boundary which was significant only by items (F1(1, 90) =
1.637, p > 0.1; F2(12) = 7.987, p < 0.05). The effect was not accompanied by an
interaction with other factors. Responses to the target therefore tended to be faster in the
IP than in the Word boundary condition (a mean difference of 50 ms) across C2 Identity and
C2 Deletion conditions (see Fig. 1b) even when the contextual information was removed.

The only interaction found in the latency analyses was the one between C2 Identity and C2
deletion, but the effect was significant only by participants (F1(1, 90) = 7.548, p < 0.01;
F2(1, 12) = 2.170, p > 0.1). This weak interaction stemmed from the tendency towards
faster responses to the target in C2-deleted than in C2-preserved condition for /k/ (significant
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Fig. 1 Experiment 2: percent missing responses (%) and reaction time (RT, in ms) by Prosodic Boundary (IP,
Wd) and C2 Deletion (C2-deleted, C2-preserved). Error bars indicate standard errors and the asterisk refers
to statistical significance both by participants and items in planned pairwise comparisons

only by participants: t1(93) = −2.783, p < 0.01; t2(15) = −1.470, p > 0.1), but not for
/p/ (t1(93) < 1, t2(11) < 1; see means in Table 2). No other interactions were found.

Given that detection accuracy was lower in the C2-deleted condition (at least in the Word
boundary condition), it was further tested whether this was due to a speed-accuracy trade-
off. Pairwise comparisons separated by Prosodic Boundary and C2 Identity showed that
faster responses to the deleted target were found only for /k/ in the Word boundary condi-
tion. This effect was again significant only by participants (for /k/, t1(45) = −2.366, p <

0.05, t2(7) = −1.046, p > 0.1). This suggests that the tendency towards less accurate
responses to deleted /k/s in the Word boundary condition may be at least partially attribut-
able to a speed-accuracy tradeoff.

Combined Analyses

Combined analyses of Experiments 1 and 2 showed a main effect of Context in both error and
latency analyses—i.e., listeners were both less accurate and slower without context (Experi-
ment 2) than with context (in Experiment 1) (errors: means, 17.0% vs. 13.1%, F1(1, 181) =
5.97, p < 0.02, F2(1, 12) = 3.71, p < 0.08; latencies: means, 726.1 ms vs. 641.6 ms,
F1(1, 181) = 8.37, p < 0.005, F2(1, 12) = 48.27, p < 0.001). There was also a main
effect of Prosodic Boundary in latencies, this time significant both by participants and by
items (F1(1, 181) = 4.81, p < 0.05, F2(1, 12) = 17.8, p < 0.001) without interaction
with Context, showing that listeners were generally faster in detecting targets after IP than
after Word boundaries in both Experiments 1 and 2.

The context effect did not interact with C2 Deletion in either errors or latencies. There was
however a trend effect of a three-way interaction between Context, C2 Deletion and Prosodic
Boundary in error analyses significant only by participants (F1(1, 181) = 4.32, p < 0.05;
F2(1, 12) = 1.29, p > 0.1). This three-way interaction was in line with the results of
Experiment 2 in that error rates were lower for the C2-preserved than for the C2-deleted
condition only in the Word boundary condition, which was significant both by participants
and items in Experiment 2.

Another two-way interaction was observed between C2 Identity and Context in the
latency analyses, which was significant by participants and marginal by items (F1(1, 181) =
4.88, p < 0.05, F(1, 12) = 3.96, p < 0.07). This again was in line with the results of
Experiments 1 and 2 in that /k/ tended to be detected faster than /p/ in Experiment 1 but the
opposite was true in Experiment 2. No other effects were found.
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Summary and Discussion

The listener’s performance with phoneme detection was generally poorer, as expected, when
the contextual information was removed, showing that lack of contextual information was
disadvantageous regardless of whether C2 was physically present or absent. From this we
can infer that contextual information in Experiment 1 indeed helped listeners with target
detection, but its contribution to detecting physically-absent phonemes appears to be just as
good as its contribution to detecting physically-present phonemes. Crucially, listeners were
able to restore deleted phonemes with as low as 20% missing responses to the targets even
when they had no contextual lexical-semantic information. This confirms that listeners used
language-specific knowledge other than contextually-driven lexical knowledge in restoring
physically-absent targets.

The results of Experiment 2 and the combined analyses of Experiments 1 and 2 also
showed some patterns that were different from the results of Experiment 1. First, the phys-
ical presence of C2 induced better accuracy in the listener’s phoneme monitoring than in
the C2-deleted condition. But this effect was limited to the Word boundary condition. When
the contextual information was removed, listeners appear to have paid more attention to the
physical acoustic-phonetic information at least in this condition. Second, /k/ was no longer
detected better than /p/. Instead, if anything, the opposite was true: /p/ tended to be detected
more accurately than /k/. The /k/ advantage observed in Experiment 1 can therefore be inter-
preted as having more to do with the preceding context than with C2 Identity. Third, there
was a trend (significant only by participants) towards an interaction effect between C2 Iden-
tity and C2 Deletion: Listeners tended to detect /k/ faster in the absence of physical target
(C2-deleted condition), but no such effect was observed with /p/. Posthoc analyses suggested
that the faster responses to the deleted /k/ could be due to a speed-accuracy tradeoff. Finally,
in line with Experiment 1, there was a tendency towards faster responses to the target in the
IP condition than in the Word boundary condition. This suggests that even when the contex-
tual information was removed, the presence of the larger prosodic (IP) boundary before the
target-bearing word helped listeners to detect the target regardless of whether the target was
physically present or absent.

General Discussion

In Experiment 1 (with contextual lexical-semantic information), we found that Korean
listeners were able to detect physically-absent phonemes as accurately as physically-present
phonemes. Listeners restored deleted phonemes efficiently enough to offset the disad-
vantage from the complete lack of acoustic-phonetic information about those phonemes
(as confirmed in the Pretest). It was proposed that the listeners’ ability to restore deleted
phonemes may be attributable to their use of either contextual lexical-semantic knowledge
(the preceding context word was semantically related to the target-bearing word (e.g., ,
‘notebook’ for the target-bearing word ilk-ta, ‘to read’) or language-specific phonological
knowledge (i.e., that C2 may be deleted in the tri-consonantal cluster simplification process).

In Experiment 2, we tested whether listeners would be able to restore deleted phonemes
even when the contextual lexical semantic information was eliminated from the input. The
results showed that even without contextual support, listeners restored deleted phonemes
efficiently, that is, with only 20% of errors. From the fact that no acoustic-phonetic informa-
tion about the targets was available when they were deleted, we can conclude that listeners
must have used language-specific knowledge in recovering underlying representations of the
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phonologically deleted phonemes. These results thus imply that, while fine-grained phonetic
details may serve as language-universal cues to underlying representations of phonologically-
altered sounds in some cases (e.g., assimilated sounds, Gow 2001, 2002; Gow and Im 2004),
language-specific phonological knowledge (e.g., via a process of phonological inference;
Gaskell and Marslen-Wilson 1996, 1998) does play an important role in recovering phono-
logically-altered sounds in other cases. As Mitterer and McQueen (2009) argue, it makes
good sense that different mechanisms are required for different kinds of continuous-speech
phenomena because each phenomenon makes different demands on the listener.

How then is language-specific phonological knowledge employed in online continuous
speech processing? Specifying the exact mechanism underlying this ability is beyond the
scope of the present study, but at least two possibilities can be considered. One is that the
knowledge is stored lexically. On this view, the use of phonological knowledge could further
be modulated by the frequency of occurrence of different phonological variants (Connine
2004; Ranbom and Connine 2007). Recall that Cho and Kim (2009) reported that although
both C1-deleted and C2-deleted variants are phonologically possible, C2-deleted variants
occur more frequently (about 50.8%) than C1-deleted (C2-preserved) variants (17.8%). It is
thus possible that different phonological variants of the target-bearing words (i.e., C2-deleted,
C1-deleted, and no deletion variants) are stored in the mental lexicon, and that those represen-
tations are frequency-coded. On this view, language-specific phonological knowledge would
be brought to bear in recovery from consonant-cluster simplification through retrieval, in a
frequency-sensitive way, of the underlying tri-consonantal cluster from the lexicon. Because
C2-deleted variants occur frequently, retrieval of the underlying form when such a variant is
heard can be rapid enough to match performance in retrieving the underlying form of C2-
preserved variants, which are less frequent but which contain acoustic information about C2.

An alternative mechanism is prelexical inference (Gaskell and Marslen-Wilson 1996,
1998). On this view recovery is not based on word-specific knowledge, but rather on knowl-
edge abstracted over words. If the prelexical processor knows that C2 in a Korean tri-con-
sonantal cluster can be deleted, then it can fill in the missing sound. This inferential process
could again be frequency sensitive (as suggested by Gaskell 2003 for inferences about place
assimilation and by Mitterer and Ernestus (2006) and Mitterer and McQueen (2009) for infer-
ences about [t] lenition): When a phonological variant occurs more frequently than another
variant with the same underlying representation, the phonological inference made from the
former could be stronger. But note that the inference in the Korean simplification case cannot
be complete. In a /l/-C2-/t/ sequence, C2 could be either /k/ or /p/. Hence, if the basic recovery
mechanism is prelexical, with restoration of two different stops, then final recognition of the
deleted sound would still have to be based on recovery of lexical knowledge. This makes the
account based on a lexical mechanism more parsimonious.

The frequency-sensitive use of phonological knowledge in spoken-word recognition has
implications for language acquisition, especially in terms of how the frequency-coded
phonological variants (i.e., more frequent C2-deleted variants versus less frequent C1-
deleted variants) are acquired by children. It has been well documented in the literature on
phonological acquisition that liquids (e.g., /l/) are acquired later than stops (e.g., Stoel-
Gammon 1985; Vihman 1996). This can be accounted for by differential markedness—that
is, liquids are more marked than other consonants (Jakobson 1968; Chomsky and Halle
1968). It then follows that at a developmental stage where a Korean child has learned the
simplification process that either C1 or C2 can be deleted, but has not acquired production of
the liquid /l/ yet, the child is mostly likely to simplify the tri-consonantal /l/-C2-/t/ sequence
by deleting C1 (/l/), which deviates from the adult simplification pattern in which /1/ is
deleted less frequently. If this were the case, though it is not attested, the earlier acquisition
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of /l/-deleted variants (before the acquisition of C2-deleted variants) could be said to be
driven by universally applicable markedness constraints (see Macken 1995; Fikkert 2007 for
some discussions of the roles of markedness relations in phonological acquisition).

How then could children become adult-like in simplifying consonant clusters once /l/ is
acquired, so that they no longer delete /l/ (C1) across the board, but delete C2 (/p/ or /k/) more
frequently? One possibility is through statistical learning. Statistical learning has been pro-
posed as one of the basic mechanisms in language acquisition (e.g., Gómez and Gerken 2000;
Saffran 2001, 2003; Saffran and Wilson 2003). Although the role of statistical learning in
language acquisition has often been examined in terms of sequence learning (e.g., about tran-
sitional probability of phonemic sequences within and across syllables and words), it has been
extended to statistical learning of higher-level linguistic structures such as words and gram-
matical features (e.g., Saffran and Wilson 2003). It is then possible that the frequency-coded
lexical properties of consonant cluster simplification patterns are learned through statistical
learning mechanisms as the lexicon is expanded in the course of language acquisition.

Other important findings of the present study are the effects of Prosodic Boundary (in
Experiments 1 and 2) and its interaction with C2 Deletion in Experiment 2. Both Experi-
ments 1 and 2 showed a tendency that listeners processed simplified forms (both C2-preserved
and C2-deleted) better when the target-bearing words were preceded by a large prosodic (IP)
boundary. Better target detection after IP boundaries could be attributable to facilitated lexi-
cal segmentation at the IP boundary, as suggested by previous studies (Christophe et al. 2004;
Cho et al. 2007; Kim and Cho 2009)—that is, the presence of a phrasal prosodic boundary
(e.g., a Phonological or IP boundary) facilitates lexical segmentation across that boundary.

Crucially, in Experiment 2, there was an interaction between Prosodic Boundary and C2
Deletion, showing that listeners detected deleted targets as accurately as preserved targets
after IP boundaries. That is, in the context of an IP boundary there was no benefit from
the presence of acoustic-phonetic information in the C2-preserved condition. However, the
benefit of the acoustic-phonetic information in the physically-present target was present in
the Word boundary condition—that is, physically-present targets were detected more accu-
rately than physically-absent targets after Word boundaries. But it should be noted that even
if the detection accuracy for deleted phonemes were significantly lower than for preserved
phonemes, the missing responses to deleted phonemes in the Word condition were still as
low as 21.1%, suggesting that listeners were able to recover the deleted phonemes quite effi-
ciently. The question thus arises as to why lack of available acoustic-phonetic information
with deleted C2 gave rise to poorer performance only after Word boundaries, and only with
no contextual lexical-semantic support (i.e., only in Experiment 2). One possible explanation
has to do with how much information is available in the speech input. In Experiment 1, it is
possible that phonological knowledge in combination of contextual support could be suffi-
cient in helping listeners restore deleted phonemes, and this appears to be enough to match
the benefit of segmental acoustic-phonetic information for the preserved C2. In Experiment
2, with recourse to phonological knowledge alone, listeners still recovered the deleted targets
efficiently. In addition, given that detection accuracy was no different between the C2-deleted
and C2-preserved conditions with IP boundaries, it is reasonable to assume that IP boundary
information, along with use of phonological knowledge, helped listeners with restoration of
deleted phonemes. Exactly how IP boundary information helped with recovery of deleted
targets is not clear, but facilitated lexical segmentation and lexical access at a phrase boundary
(Christophe et al. 2004; Cho et al. 2007; Kim and Cho 2009) could help recover underly-
ing representations efficiently. In contrast, the Word boundary condition in Experiment 2
contains neither contextual nor IP-boundary information. In this case, listeners have only
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language-specific phonological knowledge to rely on. This may have led to relatively poorer
performance detecting deleted targets in this condition.

The present study also has implications for the listener-oriented production hypothesis
(Jun 2004). According to this hypothesis, speakers help listeners by exerting greater effort
to preserve segments which have intrinsically more powerful acoustic cues. Although this
hypothesis might explain speech production phenomena such as the strong cross-linguistic
tendency for velars to be less subject to phonological alterations than labials or alveolars
(Cho 1999; Jun 2004), and how listeners process unassimilated versus illegally assimilated
/k/ versus /p/ (Cho and McQueen 2008), the present study does not provide further support
for the hypothesis. In both Experiments 1 and 2, listeners showed no performance differences
between /k/ and /p/ when they were physically present, suggesting that listeners do not always
benefit more from the presence of /k/ versus /p/.

The discrepancy between the results of Cho and McQueen (2008) and the present
study may have stemmed from the phonological viability of the materials tested in the
two studies. Cho and McQueen (2008) created an illegal assimilation case in which /k/
and /p/ were illegally assimilated to the following /t/, and compared listener’s detection
of unaltered (unassimilated) /k/ and /p/ with the illegally assimilated ones (both realized
as [t]). So, in their study, recovery of the underlying representations of illegally assimi-
lated sounds did not involve use of phonological knowledge. In the present study, however,
the present and absent targets were both phonologically viable, and therefore phonological
knowledge was most likely referred to in recovery of deleted phonemes. It is therefore hard
to determine how much the use of phonological knowledge may have masked the effects of
acoustic-phonetic differences between /k/ versus /p/. Nevertheless, given that there were no
other differences between /k/ and /p/, and that contextual information was removed from the
stimuli in Experiment 2, the present null effect does suggest that differences in perceptual
robustness of different sounds, if they exist, are not always used in speech processing.

Finally, two other issues should be discussed: the possible role of orthographic knowledge
in consonant-cluster simplification, and whether there are possible effects of second-language
experience on how Korean listeners recover deleted consonants. Regarding possible ortho-
graphic effects, it should first be noted that all our participants were fully literate university
students, and that literacy was not a factor we investigated. Strong conclusions about effects
of literacy are thus not warranted. We would nevertheless like to suggest that learning to read
is unlikely to have fundamentally changed how Korean listeners recover from consonant-
cluster simplification. First, Korean children have to be able to recognise spoken Korean
words with deleted consonants before they learn to read. Basic mechanisms (such as fre-
quency-sensitive lexical storage of pronunciation variants, see above) should thus have been
acquired prior to acquisition of literacy. Second, the Korean writing system (Hangul) is a
fully transparent alphabetic script. Although learning such a script is likely to strengthen
phonological representations, it is unlikely to change those representations qualitatively or
thus alter the nature of phonological processing (unlike, e.g. in English, where learning the
irregularities of sound-print correspondences could result in changes in how spoken words
are recognized, see, e.g., Taft et al. 2008). We suggest, however, that learning to read may well
have made it easier for our participants to perform the phoneme monitoring task that we used.
The acquisition of orthographic knowledge, especially when it is alphabetic as in English or
in Korean, has a significant impact on phonological awareness, and hence on participants’
ability to perform metaphonological tasks (e.g., Mann 1986; Morais 1985; Morais et al. 1986;
Read et al. 1986; Taft 1991, 2006; Ziegler and Ferrand 1998; Ziegler and Muneaux 2007).
Learning to read thus probably made it easier for the participants in our study to reflect on
the phonological structure and content of the consonant clusters they heard, and hence to do
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the phoneme monitoring task, but probably did not change the representations of words with
tri-consonantal sequences.

Let us now consider possible effects of second-language experience. It has been well
documented in the literature that speech perception and production are not the same in mon-
olinguals and bilinguals (e.g., Tees and Werker 1984; Gottfried 1984; Flege and Hillenbrand
1986; Mack 1989; Best and Strange 1992; Flege 1992; Munro 1993; Sancier and Fowler
1997; Bosch et al. 2000; Fowler et al. 2008). The general consensus is that highly proficient
second-language learners or even simultaneous bilinguals do not attain the same level of
competence in their second language (or either one of the two languages for simultaneous
bilinguals) as monolingual speakers of that language. But because the current experiment was
performed in the listeners’ first language, one might expect no effects of second-language
experience. Such effects are nonetheless possible, given that bilinguals may not use the same
cues as pure monolinguals in speech processing (e.g., Mack 1989; Bosch et al. 2000). As
we noted earlier, our subjects were all bilingual in the sense that they all started to learn
English in secondary school (approximately when they were 12–13 years old). Although
they were all college students at the time of their participation, their English proficiencies
can be expected to vary. One could therefore predict that the recovery of deleted phonemes
may also differ depending on English proficiency. Given that English allows tri-consonantal
sequence as in ‘pulped’ and ‘bulked,’ more proficient Korean learners of English may be less
sensitive to the phonotactic constraint in Korean which disfavors tri-consonantal sequences.
One could then hypothesize that listeners’ performance in processing simplified variants of
tri-consonant sequences in Korean becomes poorer as their English proficiency increases.
While the present study was not designed to test this hypothesis, it warrants further work. It
would be interesting to know whether recovery of deleted phonemes in Korean is modulated
by listeners’ proficiency in English.

Conclusion

It is striking that Koreans can perceptually restore missing phonemes so efficiently. Kemps
et al. (2004; see also Kemps 2004) showed that Dutch listeners, in phoneme monitor-
ing, could restore segments that were missing from suffixes in reduced word-forms, but
that their performance was poorer than when the segments were physically absent. We
have shown here, however, that if the simplification process is frequent enough, restora-
tion of a missing segment is as easy as detection of a physically-present segment, even
when contextual support is not available. The recovery process is often efficient enough
that monitoring performance on physically-absent targets can match performance on phys-
ically-present targets. The benefit of acoustic-phonetic information was found only when
no other higher-order information (contextually-driven lexical support and phrase bound-
ary information) was available. This suggests that listeners make differential use of differ-
ent levels of information, depending on how much information is available in the speech
input.

Most importantly, the efficient recovery of deleted phonemes without residual acoustic
phonetic cues to deleted phonemes suggests that language-specific phonological knowl-
edge can be used without recourse to language-universal perceptual processes which rely
on low-level fine-grained phonetic detail (Gow and Im 2004; Mitterer et al. 2006). Further
research is required to specify the mechanism underlying this ability. Our results nonetheless
impose strong constraints on possible accounts: Listeners use language-specific phonological
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knowledge when perceiving the results of continuous-speech production processes which
leave no acoustic trace of underlying sounds.
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Appendix

See Table 3.

Table 3 Experimental items

The Korean phrases are given as phonemic IPA transcriptions. ‘-’ refers to a word-internal bound morpheme
boundary. The diacritic * refers to the tense (fortis) stop in Korean (see Cho et al. 2002, for phonetic properties
of obstruent consonants in Korean)
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