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This study investigates how two factors, distribution and morphological alternation, affect speakers’ ability
to group sounds into the same phoneme category. Previous findings indicate that allophonic variants of a single
phoneme are rated as more similar than sounds belonging to separate phonemes. The present study builds
on these findings by conducting a similarity rating task to investigate the processing of anterior and posterior
coronal sibilants [s] and [¢/f] in three languages in which the two sounds participate in different types of
relationships: (i) English, in which [s] and [J] occur in the same environment (e.g. see versus she); (ii) Korean,
in which [s] and [¢] are in complementary distribution and participate in regular and productive morphological
alternations; and (iii) Mandarin, in which [s] and [¢] are in complementary distribution but do not participate
in morphological alternations due to its phonotactic restrictions. The results showed that both English and
Mandarin speakers rated the anterior versus posterior coronal sibilants as more different than Korean speakers
did, suggesting that the Mandarin speakers, who have access only to distributional evidence, are less likely to
treat the two sounds as members of a single category than the Korean speakers, who are exposed to evidence
from both distribution and morphological alternation.
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1. Introduction

Most phonologists acknowledge the need to distinguish sound differences (or feature differ-
ences) that are contrastive from those that are not (e.g. Avery et al. 2008; Steriade 2007). The
traditional definition of contrast has relied heavily on the distribution of two given sounds. If two
sounds occur in the same environment such that substituting one for the other can signal a lexical
difference, then the sounds are considered to be in contrast, belonging to discrete phoneme catego-
ries (e.g. Bloch 1948, 1950; Harris 1951; Moulton 1962; Swadesh 1934; Trubetzkoy 1969). The
classic test for contrast is the minimal pair test; a minimal pair (e.g. English [si] “see’ versus [Ji]
‘she’) consists of two forms with distinct meanings that are phonologically identical except for
a single segment (Trubetzkoy 1969). On the other hand, two phonetically similar sounds are
considered to be non-contrastive allophones of the same phoneme if they occur in complementary
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distribution, where the choice of one sound versus the other is predictable from the environment
(Trubetzkoy 1969:46)." However, as Hall (2009) has demonstrated, predictability from context is
not necessarily a binary proposition. For example, positional neutralizations (e.g. German final
devoicing; Charles-Luce 1985) and stratum-specific contrasts (e.g. Japanese native versus foreign
strata; 1t0 & Mester 2001), in which the distributions of two sounds are predictable in some
environments but not in others, are often found in human language.

Distributional restrictions may serve as static constraints on lexical items (e.g. the distribution
of Korean [s] and [¢] in [se] ‘bird” and [ci] ‘poem’, where [¢] is only found before the high-front
vowel /i/); however, when the choice of variant is dependent on context, we frequently also find
morphological alternations: morpho-syntactic processes (e.g. affixation, compounding) that change
the phonological context in which a sound appears and may therefore cause a single morpheme to
exhibit different variants in different contexts (e.g. the same morpheme /nas-/ realized as [nas-]
in [nas-e] but as [nag-] in [nac-i]). Therefore, alternation is sometimes treated as a criterion for
determining the relationships among sounds (e.g. Anderson 1985; Baudouin de Courtenay 1972;
Silverman 2006). For example, the last sound in the American English morpheme ride [1aid] alter-
nates with [r] when the presence of the suffix -er produces a tapping environment (i.e. intervocalic
position preceding an unstressed syllable): rider [1aira.].

Although morphological alternations often reinforce the role of phonological context in
determining the occurrence of particular sounds, morphological alternation and other criteria are
‘usually used only in conjunction with the primary criteria [distribution and lexical distinction] in
cases of conflict or uncertainty’ (Hall 2009:2).2 Morphological alternation has sometimes even been
argued to be irrelevant to phonological analyses (e.g. Hockett 1942; Trager 1934). For example,
Trager argued that alternation ‘does not properly concern us in a purely phonemic study’ (1934:340).
Silverman (2006), on the other hand, argues that ‘learning allophonic relations is dependent upon
learning allomorphic relations’ (2006:26) and that ‘the only way sounds can be allophonically
related is if they alternate with each other’ (2006:88).

Different phonological models offer different understandings of how these two criteria, distri-
butional predictability and alternation, help determine sound relationships. Phonological approaches
that assume economy in phoneme analysis, such as the traditional structuralist approach (e.g.
Hockett 1942) and the SPE-type generative approach (e.g. Chomsky & Halle 1968; Clements 2003),
hold that as much predictable information as possible should be removed from underlying repre-
sentations in order to minimize the number of phoneme contrasts/contrastive features in a language.
This assumption leads to the inevitable outcome that surface sounds in complementary distribution
are derived from the same underlying sound. In output-based OpTiMALITY THeoRY (OT; Prince &
Smolensky 2004), on the other hand, economy is generally assumed to play a much more limited
role. Most researchers in OT assume RICHNESs oF THE BASE:

' As one of the anonymous reviewers pointed out, not all allophony is between phonetically similar sounds. For
example, allophonic relations between a particular sound and [#] are a challenge to the phonetic similarity
condition.

2 Other criteria commonly used to determine phonological contrastiveness include native speaker intuition
(Swadesh 1934)—whether native speakers of a language recognize one sound as different from another—and
orthography (Chao 1934)—whether the difference between two sounds is represented in the orthographic
system of a language.
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(1) Richness of the Base: no constraints hold at the level of underlying forms (Kager 1999:19)

The outputs in an OT framework are evaluated by a set of ranked, violable constraints, so that
any input, even one containing illegal structures, will be mapped to a legal output, as defined by
the constraint set. Thus, in this approach, distributional restrictions are regulated by markedness
constraints and do not pose a problem at the level of underlying forms. Most researchers in this
camp also assume Lexicon OpTimizATION, Which permits (and requires) two sounds to be derived
from a single sound only when they are found in alternating forms of the same morpheme (Inkelas
1995; Yip 1996). The role of morphological alternation is thus made explicit in the OT framework,
while the role of distributional predictability in assigning sounds to underlying representations is
diminished.

The above discussion makes it clear that predictable distribution, the traditional factor employed
in determining contrast, is not without its challenges, particularly since distribution is not a simple
binary notion (Hall 2009). Although in some approaches morphological alternation is considered
to be merely a reinforcement of distributional predictability (e.g. Hockett 1942; Trager 1934), in
other approaches it is seen as an explicit requirement for grouping surface sounds into the same
phoneme category (e.g. Inkelas 1995; Silverman 2006).

To determine the contributions of these two factors, distributional predictability and morpho-
logical alternation, in leading speakers to group sounds as members of the same phoneme category,
this study investigates the processing of anterior and posterior coronal sibilants [s] and [¢/[] in three
languages (Mandarin, English, and Korean) in which the two sounds participate in different types
of relationships. In Mandarin, the choice of [s] or [¢] is largely predictable from the environment:
posterior [¢] occurs before high-front vowels [i, y] and glides [j, y], and [s] occurs elsewhere (e.g.
Duanmu 2007; Lin 2007). However, despite this predictable distribution, the two sounds do not
participate in morphological alternations, due to Mandarin’s lack of affixation and its stringent
restrictions on possible syllable structures. In other words, there is no morphological evidence (e.g.
an alternation of [s] and [¢] within variants of the same morpheme) to support the relatedness of
the two sounds in Mandarin. Due to the conflicting evidence, the relationship between [s] and [¢]
in Mandarin has been a matter of long-standing controversy (Chao 1931; Cheng 1968, 1973; Chiang
1992; Duanmu 2007; Hartman 1944; Lin 1982; Wan 2010; Wu 1994; Yip 1996; and see a more
recent review in Lu 2014). The distributional predictability of these sounds has led some research-
ers to argue that [s] and [¢] should be considered variants of the same category, while the lack of
alternations has led others to argue that the two sounds should be treated as members of separate
categories. Mandarin [s] and [¢] thus provide a good test case to tease apart the contributions of
distribution and alternation.? In this study, | compare Mandarin speakers’ treatment of these sounds

3 Though recent studies have commonly taken the view that the two sibilants under consideration, [s] and [¢],
belong to the same phoneme underlyingly (Duanmu 2007; Lin 2007; Wan 2010), note that the posterior [¢] is
in complementary distribution not only with the anterior sibilant [s], but also with velar [x]. As an anonymous
reviewer has pointed out, no consensus on the allophonic/phonemic overlap among these three sounds has yet
been reached. Since the present research considers whether distribution forces speakers to group two sounds
into a single phoneme category, either comparison, that is [s] ~ [¢] or [¢] ~ [X], should be a valid test case. This
is similar to the English [d/r] case presented in Boomershine et al. (2008), in which [r] is in complementary
distribution with multiple sounds—I[d] (ride [d] versus rider []) and [t] (write [t] versus writer [c]); still more
similar ratings were observed for [d/r].
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with the treatment of parallel sounds by speakers of two other languages. English differs from
Mandarin in that the distribution of anterior and posterior coronal sibilants is not predictable from
the environment (e.g. so versus show; save versus shave; sea versus she; sour versus shower; lass
versus lash), and the difference between the sounds may be used to signal lexical differences.
Korean, on the other hand, shares with Mandarin the predictable distribution of [s] and [¢], but
differs from Mandarin in that these sounds also participate in regular and productive morphological
alternations.

The present study investigates Mandarin, Korean, and English speakers’ perceptions of ante-
rior and posterior coronal sibilants. The method adopted here has previously been used to demonstrate
that variants of the same phoneme are perceived as more similar than sounds belonging to separate
phonemes. If distribution alone is sufficient to allow learners to assign two sounds to a single
category, we should find that Mandarin and Korean speakers rate the anterior and posterior sibilants
as more similar than English speakers, for whom the two sounds belong to different categories
based on this criterion. On the other hand, if it is necessary for two sounds to alternate in order for
speakers to analyze them as members of a single phoneme category, we would expect Mandarin
speakers and English speakers to pattern like one another and unlike Korean speakers, for whom
the two sounds regularly alternate. The results of the experiment showed that Mandarin speakers’
ratings of the anterior and posterior sibilants differ from those of Korean speakers, and pattern
overall with those of English speakers. These results suggest that Mandarin speakers, who have
access only to distributional evidence, are less likely to treat the anterior and posterior coronal
sibilants as members of a single category than Korean speakers, who are exposed to evidence from
both distribution and morphological alternation.

The structure of the paper is as follows: 82 presents background on the languages investigated
and the experimental probe used in this study; 83 describes the experimental methodology and
reports the results; 84 provides a discussion of the results; and 85 summarizes the results and
concludes.

2. Background

2.1 Languages

To tease apart the relative contributions of distribution and alternation in motivating speakers
to assign sounds to phonological categories, this study compares the behavior of three groups:
Mandarin speakers, for whom the anterior and posterior coronal sibilants are in complementary
distribution but do not participate in alternations; English speakers, for whom these sounds are not
predictable from the phonological environment; and Korean speakers, for whom these sounds are
in complementary distribution and alternate regularly.

2.1.1 English

The English anterior sibilant [s] and posterior sibilant [J] may occur in identical contexts,
giving rise to minimal pairs such as sea [si] versus she [[i], sock [sak] versus shock [fak], sue [su]
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versus shoe [fu], and lease [lis] versus leash [lif]. These sounds alternate optionally at the
phonetic level when [s] is followed by a palatal (miss [mis] ~ miss you [mifju]), and in morpho-
logical contexts associated with a small set of derivational suffixes (oppress [opies] ~ oppression
[opaefon]; press [pies] ~ pressure [piefa]).* However, Johnson & Babel (2010:129) note that:

alternations of this type are infrequent in English and the phonemic contrast between /s/
and /J/ is a very salient aspect of the English phonological system. In English /f/ cannot
be derived from [sj]—underlying /Cj/ is only allowed before /u/ in words like muse, and
/sl and /f/ contrast in final position where /j/ is phonotactically excluded, as in lass [las],
lash [lee/], etc.

As for morphological alternation of the 167 vowel-initial derivational suffixes listed on
Wiktionary,5 only four suffixes trigger palatalization (i.e. -ial, -ion, -ious, -ure), and only two
of those provide the pre-palatal context (-ial and -ious). Thus, distributional evidence in English
supports the view that [s] and [f] constitute separate categories, while evidence for grouping them
together is weak.

2.1.2 Korean

In Korean, both distribution and alternation point to the analysis of the anterior sibilant [s] and
the posterior sibilant [¢c] as members of a single category. The two sounds occur in distinct environ-
ments, as illustrated in (2): [¢] occurs before the high-front vowel [i] and glide [j] (mainly in loan-
words (a—f)), and [s] occurs elsewhere (g-i) (e.g. Iverson & Lee 2006; Kim 2009; Sohn 1999).

(2) Complementary distribution of Korean [s] and [¢]

a. [ei] ‘poem’

b. [cikan] ‘time’

. [cjamp"u] ‘shampoo’
d. [cjap] ‘shop’

e. [c,juphA] ‘super’

f.  [¢jo] ‘show’

g. [sal] “flesh’

h.  [sul] ‘alcohol’
i.  [se] ‘bird’

Korean [s] and [¢] also alternate before different vowel suffixes, as shown in (3). Before the locative
suffix -e, [s] occurs; before the nominative suffix -i, the same morpheme is realized with [¢].

* As a reviewer pointed out, the alternation between [s] and [[] in some dialects is largely regular in casual
speech, and the optionality arises primarily across different registers. Based on the optionality across dialects
and registers, the English case is treated here as a case in which alternation plays a limited role.

> See http://en.wiktionary.org/wiki/Appendix:English_suffixes.
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(3) Morphological alternation of [s] and [¢] in Korean

a. /nas/ [nas-e] ‘sickle-locative’
[nac-i] ‘sickle-nominative’

b. /kos/ [kos-e] ‘place-locative’
[koe-i] ‘place-nominative’

c. /pus/ [pus-e] ‘writing brush-locative’
[pue-i] ‘writing brush-nominative’

Unlike the anterior and posterior coronal sibilants in English, the two sounds in Korean occur in
predictable environments, and participate in productive morphological alternations.

2.1.3 Mandarin

The distribution of the anterior sibilant [s] and posterior sibilant [¢] in Mandarin is similar to
the distribution of these sounds in Korean: [¢] occurs before high-front vowels [i]/[y] and glides [j]/
[yl, and [s] occurs elsewhere (e.g. Duanmu 2007; Lin 1989, 2007), as shown in (4).

(4) Complementary distribution of Mandarin [s] and [¢]

a. [ei3] ‘wash’
b. [cjal] ‘blind’
c. [gjol] ‘rest’

d. [cjed] ‘crab’

e. [sa3] ‘spread’
f. [sul] ‘crispy’
g. [sol] ‘gather’

However, due to morphological and phonotactic restrictions, these sounds never display alternations.
Only dental nasals [n] and velar nasals [g] can occur in coda position, and codas do not re-
syllabify to a following onsetless syllable. The sibilants in question do not occur in coda position.
Mandarin anterior and posterior coronal sibilants thus provide a good comparison with the
equivalent sounds in the other two languages.

Note that the anterior and posterior coronal sibilants in these three languages have different
acoustic details (e.g. Beckman & Pierrehumbert 2000; Ladefoged & Maddieson 1996; Li et al. 2007,
Suh 2009). For example, the English [s] has a higher centroid frequency than the [s] found in Man-
darin and Korean (Beckman & Pierrehumbert 2000; Li et al. 2007), and the English [[] is usually
produced with lip protrusion while the Mandarin and Korean [¢] is not; furthermore, [J] and [¢]
differ in the degree of raising of the front of the tongue (Ladefoged & Maddieson 1996:153). In a
cross-linguistic comparison like the one undertaken in the current study, such individual language
differences are inevitable. The current study employed a perceptual experiment designed to maxi-
mally bypass the unavoidable confound caused by these acoustic differences (see §2.2 and 8§3.1.2).

The different types of relationships between the anterior and posterior coronal sibilants in these
three languages are summarized in (5). The parentheses around the English checkmark indicate that
the morphological alternation of the two sounds is limited in English.
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(5) Languages

Mandarin Korean English
Distribution V \
Alternation v (V)

The following section provides a review of the previous literature on the experimental probe
used in this study.

2.2 Similarity ratings

Previous studies have shown that phonological relationships have an impact on how individual
language users perceive sounds (e.g. Beckman & Pierrehumbert 2000; Best 1991; Boomershine
et al. 2008; Dupoux et al. 1999; Johnson & Babel 2010; Werker & Lalonde 1988). The present
study employed a previously established experimental method—similarity rating—to investigate
the perception of the two coronal sibilants by Mandarin, Korean, and English speakers, in whose
languages the two sounds participate in different phonological relationships defined by the two
criteria, distributional predictability and morphological alternation.

In similarity rating tasks, speakers tend to rate sounds that exist in an allophonic relationship
as more similar than sounds that belong to separate phonemes (Babel & Johnson 2010; Boomershine
et al. 2008; Harnsberger 2001). For example, Boomershine et al. (2008) tested native English and
Spanish speakers’ similarity judgments of [d], [d], and [r] in different vocalic contexts using an AX
paradigm (e.g. [ada]-[ara], [idi]-[idi]). [0] and [d] are contrastive phonemes in English (e.g. they
[Oer] versus day [der]) but are allophonic variants in Spanish, where intervocalic voiced stops are
spirantized following a continuant (e.g. [d]onde ‘where’ but de [6]onde ‘from where’). Conversely,
[d] and [r] are contrastive in Spanish (e.g. [kada] ‘each’, [kara] ‘face’) but are allophonic variants
in American English, due to a process whereby [d] (and [t]) becomes a tap intervocalically preced-
ing an unstressed vowel (e.g. ride [raid] but rider [raica.]). The phonological relationships among
the three sounds are shown in (6).

(6) Phonological grouping of [d], [d], and [r] in English and Spanish

English 5] | [dL 1] |
Spanish | [8],[d] | (1]

Boomershine et al. (2008) asked participants to rate the similarity of a pair of sounds taken
from the VCV sequences [ada], [ara], [ada], [idi], [ici], [i0i], [udu], [uru], and [udu]. The vocalic
context was the same for every pair, so that the only difference in each pair was the consonant.
Participants rated the pairs on a scale from 1 to 5, where 1 indicated “very similar’ and 5 indicated
‘very different’. The results showed a clear native language effect. On the rating task for [¢/d], two
sounds that are contrastive in both English and Spanish, the scores for the two language groups
converged. However, for the other two pairs, the English speakers rated [d] and [r] as most similar,
while the Spanish speakers rated [d] and [d] as most similar. In each case, the rating pattern
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corresponded to the phonological relationship between each pair of sounds in the language under
investigation.

Johnson & Babel (2010) tested native English and Dutch speakers’ similarity judgments for the
fricatives [f, 0, s, J, X, h] using the same methodology as Boomershine et al. (2008). The fricative
phoneme inventories for Dutch and English are listed in (7).

(7)  Voiceless fricative phonemic inventories of Dutch and English (Johnson & Babel 2010)

Labiodental Dental Alveolar Post-alveolar Velar  Glottal

Dutch f (s ) X h
English f 0 S 1) h

Two factors were examined in this study. First, the effect of allophony was tested. Dutch [s]
and [J] participate in morphological alternations (e.g. poes [s] ‘cat’ ~ poesje [J] ‘kitten’, and tas [s]
‘bag’ ~ tasje [J] ‘small bag’), and they also alternate in connected speech (wa[s j]e ~ wa[f]e ‘were
you’ and ze[s jlanuari ~ ze[S]anuari ‘January the 6th’) (Gussenhoven 1999). Though [J] exists in
borrowed words (e.g. chef [J] ‘chef, boss’; sjaal [J] ‘shawl’), it is argued that it derives from an
allophonic rule that palatalizes /s/ before /j/; thus, [J] is analyzed as a variant of /s/ before the high-
front glide [j] in Dutch (Booij 1999).° Based on these facts, Johnson & Babel (2010) predicted that
English listeners should demonstrate a clearer distinction between [s] and [f] than Dutch speakers.
Second, the effect of phoneme inventory was tested. Dutch lacks the fricative [0]. In perceiving this
non-native sound, it was predicted that Dutch speakers should have less sensitivity than English
speakers towards the distinction between [0] and the other fricatives, manifested as more similar
ratings. Both effects were confirmed by the results. The perceived differences between [s] and [/[]
and between [6] and [s]/[J] reported by the Dutch speakers were significantly smaller than those
reported by the English listeners. The results suggest: (i) that allophony has an effect on how native
speakers perceive sounds, and (ii) that speakers are more likely to assimilate non-native sounds to
perceptually similar native sound categories.

In a follow-up experiment, Johnson & Babel (2010) tested the lower-level auditory processing
of these same fricatives by English and Dutch listeners. This experiment modified the methodology
of the original experiment to include a much shorter inter-stimulus interval (1S1) of 100 ms between
Aand X, and a 500 ms reaction time target. In this speeded-up task, they found no consistent effect
of language of the listener, suggesting that the native phonological knowledge was bypassed. Instead,
the speeded-up task tapped into a lower level of processing. The findings of this follow-up experi-
ment indicate that the differences found in Johnson and Babel’s original experiment were not due
to raw acoustic similarities, and further strengthen the view that native phonological knowledge
does influence speakers’ perception when high-level processing is encouraged.

% The allophonic rule of palatalization is productive and also involves coronal obstruents and nasals /s, z, t, n/
before /j/ in the native grammar (Booij 1999). McCarthy (2005) proposes that language learners may analyze
the non-alternating sounds—non-alternating [f]s in the current case—as /s/ by taking a free ride on the
alternating /s/ = [/] mapping.
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Note that the ‘allophonic’ cases presented here (i.e. English [d/c], Spanish [d/d], Dutch [s/f])
are both distributionally predictable and morphologically alternating. Thus, none of the studies
discussed so far attempted to tease apart the specific roles of these two factors in phoneme catego-
rization. The present study not only tested further cases where distribution and alternation exist
side by side ([s)/[¢] in Korean), but also enriched the findings of previous studies by investigating
circumstances in which each factor occurs independently (predictable distribution of [s]/[¢] in
Mandarin and alternation of [s]/[J] in English).7

The next section describes the methodology of the experiment and reports the results.

3. Experiment

The goal of this study was to compare how English, Korean, and Mandarin listeners rate the
perceptual difference between anterior and posterior coronal sibilants in order to tease apart the roles
of distribution and alternation in processing sounds as variants of the same phoneme. The results
were collected using a similarity rating task. If distribution alone defines the phonological relation-
ship between two sounds, we should expect the Mandarin listeners’ ratings to be similar to those of
Korean listeners and different from those of English listeners. If distribution is not a sufficient
criterion for phonemic discrimination and the presence of morphological alternation is also necessary
in order for listeners to group sounds as variants of the same category, we should expect the ratings
of Mandarin listeners and English listeners to pattern with each other and against the ratings of
Korean listeners.

3.1 Methodology

3.1.1 Participants

Twenty participants from each of the three language groups were recruited. Participants in the
English group (11 male, 9 female, aged 18-22, monolingual native English speakers) and in the
Korean group (6 male, 14 female, aged 18-38, native Korean speakers from South Korea) were
recruited at Stony Brook University, New York, and received course credit or payment for their
participation.8 To estimate the possible influence of English, the Korean participants, all of whom
had received high-school education in South Korea before coming to Stony Brook, were asked to
rate their English ability (Boomershine et al. 2008); the average rating was 4.65 on a seven-point
scale. Participants in the Mandarin group (4 male, 16 female, aged 20-22, native speakers of
Taiwanese Mandarin) were recruited at National Chiao Tung University in Taiwan for course
credit or payment. The average self-reported English proficiency of the Taiwanese participants was
4.6 on a seven-point scale. None of the participants reported any hearing deficiencies.

’ Note that the morphological alternation in English, unlike the one in Korean, is restricted to a limited set of
suffixes.

& Ofthe 20 English participants, nine reported that they had taken Spanish, two had taken French, and two had
taken Italian in high school, but none had reached a proficient level. The dialectal backgrounds of the English
and Korean participants were not controlled.
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3.1.2 Design and materials

The experiment employed an AX similarity rating task similar to the ones used in Boomershine
et al. (2008) and Johnson & Babel (2010). The materials consisted of the target sibilants [s, ¢, [],
along with two other fricatives [f, h] as controls, embedded in three vocalic contexts [a_a], [i_i],
and [u_u]. Materials consisted of two tokens of each of the following VCV sequences: [asa][aca]
[aJa][afa][aha], [isi][ici][ifi][ifi][ihi], and [usu][ucu][ufu][ufu][uhu]. The tokens were produced by
a trained male phonetician whose native language is Mandarin. The Mandarin native speaker was
chosen to record the stimuli because he was able to produce the Korean/Mandarin posterior sibilant
[c] natively and the English [J] from extensive English exposure, and the combinations of these
sounds in different vowel contexts from professional training. The speaker recorded multiple
examples of the stimuli with high tone on both syllables, using a Marantz digital recorder PMD660
(Marantz, Kanagawa, Japan) and Shure SM 48 microphone (Shure Incorporated, Niles, IL, USA),
at a sampling rate of 44,100 Hz. One instance of each VCV was selected as a test item so that the
tokens were approximately matched on pitch and duration. Example (8) shows the average pitch of
the first and second vowels of the selected stimuli, and (9) shows the vowel and fricative durations
of the selected stimuli. In order to control the intensity across tokens, the average intensity of each
token was scaled to 65 dB, the rough average of the intensity of all the tokens, using Praat software
(Boersma 2001).

(8)  Pitch in Hz of the first and second vowels

V1 V2

aca 118 117

afa 120 118

aha 119 117

ala 114 116

asa 114 116

ici 113 115

ifi 114 114

ihi 113 114

ifi 114 114

isi 114 112

ucu 118 118

ufu 118 119

uhu 116 118

ufu 116 118

usu 117 117
V1 averaged pitch: V2 averaged pitch:
115.87 Hz 116.2 Hz
Standard deviation: Standard deviation:
2.33 Hz 2.01 Hz

510



Language and Linguistics 17(4)

(9) Durations in ms of the first vowel, the fricative, the second vowel, and the total
duration of the stimulus®

Vi1 Fric V2 Total
aca 225 198 330 753
afa 301 142 333 775
aha 277 128 313 717
asa 266 162 337 765
ala 232 168 294 694
ici 255 201 320 776
ifi 262 152 329 743
ihi 278 137 305 720
ifi 213 216 305 734
isi 243 182 309 734
ucu 194 213 315 722
ufu 226 169 291 685
uhu 231 152 288 671
ufu 222 227 263 712
usu 203 196 297 695

Averaged duration: 726.4 ms
Standard deviation: 32.28 ms

Note that the posterior sibilant [¢] does not exist in the English consonant inventory, [f] does
not exist in Korean, and [J] does not exist in either Korean or Mandarin. Also note that some of
the stimuli contained sequences that violated the phonotactics of one or more of the languages: *[si]
and *[cu] in Korean/Mandarin; *[fi] and *[hi] in Mandarin. Since the task involved the perception
of non-native sounds, this experiment followed Johnson & Babel (2010) in employing an ISI of
1000 ms between A and X in order to ensure a high level of processing and assimilation of these
non-native sounds to native categories. With this longer ISI, a lower (acoustic) level of processing
could be maximally bypassed (Pisoni 1973; Werker & Logan 1985) to reach a phonological level
of processing.

The experiment employed a three-factorial design with one between-subject factor (Language)
and two within-subject factors (Pair, Vowel Context), as shown in (10).

° The frication durations of English [s] and [J] are both reported to be around 178 ms (Jongman et al. 2000) and
those of Korean tense [s’] and lax [s] are reported to be around 160 ms and 100 ms, respectively (Cheon &
Anderson 2008). The frication durations of the stimuli fall within the range of those in English and Korean.
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(10) Similarity rating design

Between-subject factor Language —>English, Korean, Mandarin
Within-subject factor Pair 2[s—=], [s-/], [s-f], [s-h]
[C_f]v [C_f]1 [C_h]
[/-f], [J-h]
[f-h]

Vowel Context ~>[a_a], [i_i], [u_u]

Dependent variable Rating score -1 (similar) — 5 (different)

The pairings of the five fricatives yielded 5% = 25 possible pairs, including five pairs in which
both members were the same (52 — 5 identical pairs = 20 different pairs). Each different pair was
presented once, while the identical pairs were presented twice in order to balance the number of
same and different pairs, yielding 30 trials (20 different pairs + 5 x 2 same pairs = 30) per vowel
context (30 x 3 vowel contexts = 90). Listeners heard each of the AX trials (90 trials) three times
in three blocks (90 x 3 blocks = 270). Participants had a maximum of 5000 ms to respond to a
given trial before the next trial started.

3.1.3 Procedure

Participants were presented with written instructions on a computer screen in their native
language. The instructions stated that the participant would hear a pair of sounds and be asked to
rate how similar those sounds were on a scale of 1 to 5, where 1 was ‘very similar’ and 5 was ‘very
different’. The participants took part in the experiments individually, using a computer that was
connected to a keyboard with five keys labeled from 1 to 5. E-Prime software (v2.0; Psychological
Software Tools, Pittsburgh, PA) was used to ensure that the pairs were presented in a different
random order for each participant. All stimuli were presented binaurally over headphones at a
comfortable listening level.® The participants completed a nine-trial practice session compiled
randomly from the test trials, and had the opportunity to ask questions before proceeding to the
experiment. The experiment lasted approximately 20 minutes.

3.2 Results

We expect to find the greatest difference in rating between the anterior sibilant [s] and the
posterior [¢/[] among the English listeners, for whom the two sounds are not predictable from the
environment and participate only in limited alternation; we expect to find more similar ratings
between the two sounds for the Korean listeners, for whom the two sounds are predictable and
alternate regularly. Of particular interest here are the Mandarin listeners’ ratings. If distribution alone

% The headphones used for the Mandarin participants (AKG K240MKI1) were different from the ones used for
the Korean and English participants (Philips HSP805) due to the different locations in which the experiments
were conducted. Given this fact, there is a possibility that language-specific effects could be found.
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defines the phonological relationship between the two sounds, we should expect the Mandarin
listeners’ ratings to be similar to those of the Korean listeners. If alternation contributes to the
determination of phonological relationships, we should expect the ratings of the Mandarin listeners
to be more different from those of the Korean listeners.

The rating scores for each participant were normalized into z-scores (by taking the difference
between the individual score and the mean divided by standard deviation) to compensate for differ-
ences among participants in using the five-point scale (Boomershine et al. 2008). The standardized
scores were centered around 0, with scores above 0 indicating ‘more different” and scores below 0
indicating ‘more similar’. The normalized results are illustrated in (11).11 The x-axis represents the
different sound pairs and the y-axis represents the normalized z-scores.

From (11), we can see that, with the exception of the target pairs indicated by the arrows,
ratings from the three language groups were comparable.12 The differences lay in the target pairs

' The means of the raw scores and z-scores are reported here with standard deviations in parentheses. Note that
the raw scores for the English group are lower overall than those for the Korean group, and those for the
Korean group are in turn lower overall than those for the Mandarin group. As one of the reviewers pointed
out, this could be due to the familiarity of the stimuli since the stimulus recording was done by a Mandarin
native speaker.

Pair [f-s] [f—] [~1 [F~h] [s41 [s—<] [s-h] [e-h] [ef] [f-h]
English Raw 3.35 3.46 3.51 3.01 2.96 2.62 3.36 3.40 1.65 3.49
scores (2.09) (1.07) (1.11) (1.19) (1.04) (1.08) (1.09) (1.09) (.86) (1.05)

Z-scores .72 .81 .83 A4 43 .18 72 g7 —-.60 .83

(.66) (.68) (.68) (79) (68) (.77) (.66) (.72 (.64) (.65)

Korean  Raw 4.16 4.30 431 3.42 3.09 2.94 4.28 4.27 4.27 4.28

scores  (LO1) (.95) (98) (1.42) (1.24) (1.30) (1.03) (1.03) (1.03) (1.00)
Zscores .81 90 .90 35 14 .04 89 .87 -58 .90
(53) (49) (51) (80) (65) (.69) (55) (54) (56)  (.58)

Mandarin Raw 430 439 433 369 380 391 424 425 273 428
scores  (.98) (91) (95) (1.26) (1.24) (121) (98) (L.06) (1.43) (.99)
Zscores 74 82 79 37 44 51 73 74 -22 .76

(48) (48) (52) (67) (64) (64) (48) (60) (81) (53)

2 The results for the identical pairs have been removed from the main text for the sake of space. The numbers

are reported here with standard deviations in parentheses. As the numbers show, these pairs were rated as very
similar for all three groups of participants.

Pair [ff] [s—] [e—] (/11 [h-h]
English Raw scores 1.04 (.30) 1.09 (.43) 1.14 (.49) 1.10 (.44) 1.08 (.43)
Z-scores -1.05 (.23) -1.02 (.34) -.98 (.37) -1.01 (.31) -1.04 (.29)
Korean Raw scores 1.11 (.46) 1.31 (.72) 1.26 (.68) 1.22 (.60) 1.13 (.56)
Z-scores -1.11 (.31) -.98 (.41) -1.01 (.44) -1.03 (.39) -1.09 (.44)
Mandarin  Raw scores 1.15 (.51) 1.23 (.63) 1.27 (.65) 1.31 (.70) 1.31 (.82)
Z-scores -1.21 (.33) -1.16 (.36) -1.14 (.35) -1.10 (.46) -1.11 (.45)
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[s=/], [s—¢], and [¢—[]. An omnibus ANOVA (between-subject variable [Language] x Within-subject
variable [Vowel, Pair]) showed a main effect of Vowel (F(2, 114) = 89.48, p < .001, n = .61) and
of Pair (F(9, 117) = 272.79, p <.001, n = .83), and an interaction between Language x Pair
(F(18, 117) = 8.63, p < .001, n =.23), Language >< Vowel (F(4, 114) = .77, p < .05, n =.09),
and Vowel x Pair (F(18, 1026) = 43.10, p < .001, n = .43). | shall discuss the effect of Ianguage
in 83.2.1 and the effect of vowel context in 83.2.2.

(11) Similarity rating normalized results
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3.2.1 Effect of language

A mixed-factorial analysis of variance (ANOVA) (Language [Mandarin, English, Korean] x Pair
[s, ¢, [, T, h]) was performed to interpret the results. The analysis showed a main effect of Language
(F(2, 57) = 7.962, p = .001, n’, = .99) and of Pair (F(9, 513) = 273,419, p < .001, 1°, = .83). Most
importantly, there was a significant Pair by Language interaction (F(18, 513) = 8.647, p < .001,
nzp = .23), meaning that the ratings for pairs of sounds were statistically different depending on the
native language of the participants. The statistical results are summarized in (12) (*: p < .05; **:
p <.01; ***: p <.001).

(12) Summary of similarity rating results

**|_anguage
***Pair
***|_anguage x Pair

Of interest here are the ratings of the target pairs [s—/], [s—¢], and [¢—[], as shown in (13). The
x-axis represents the three target sound pairs and the y-axis represents the normalized z-scores.
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(13) Anterior/posterior coronal sibilants similarity rating results
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The [s—f] and [s—¢] pairs (the two anterior versus posterior sibilant pairs) were rated as more
similar by the Korean group than by the English and Mandarin groups. Subsequent analyses showed
that the factor Language was significant for the [s—[] pair (F(2, 57) = 10.243, p < .001, nzp =.04).
Post-hoc tests showed that the significance came from Mandarin versus Korean, and English versus
Korean (both p < .01).13 The ratings from Mandarin versus English were not significantly different
(p = .991). That is, the Mandarin and English groups patterned the same for the [s—f] pair, while
the Korean group rated these sounds as significantly more similar than the other two groups.

The factor Language yielded a significant effect in the [s—¢] pair as well (F(2, 57) = 17.510,
p <.001, nzp = .07). The significance came from post-hoc tests of Mandarin versus English and
Mandarin versus Korean (both p < .001). The standardized rating scores produced by the English
group were numerically higher than those produced by the Korean group (meaning that [s] and [¢]
were perceived as more different by the English listeners than by the Korean listeners), although
the difference was not significant (p = .214). For the [s—] pair, though the Korean and English
groups patterned similarly, this pattern was induced by a certain vowel context (i.e. the [i_i] context;
see the discussion in the next section).

As for the ratings for the [c¢—f] pair (Korean and Mandarin [¢]; English [f]), we can see from
(13) that listeners from all three languages rated these two posterior sibilants as very similar (all
below 0), although the Mandarin listeners’ ratings were higher overall (i.e. more different). Subse-
quent analyses showed that the factor Language was significant in the [¢—/] pair (F(2, 57) = 15.859,
p <.001, nzp = .06). Post-hoc tests showed that the significance came from the Mandarin versus
English groups and the Mandarin versus Korean groups (both p < .001). There was no significant
difference between the English and Korean groups (p = .967). A possible explanation for these
results will be provided in the next section.

B A Tukey procedure was used for post-hoc tests to control the family-wise error rate over the entire set of
pair-wise comparisons.
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The statistical results for the target sound pairs are summarized in (14).

(14) Summary of similarity ratings on the anterior/posterior sibilant pairs

***Simple effect of Language in [s—f] **Mandarin & Korean
**English & Korean
Mandarin & English (p = .991)

***Simple effect of Language in [s—] ***Mandarin & English
***Mandarin & Korean
English & Korean (p = .214)

***Simple effect of Language in [¢—f] ***Mandarin & English
***Mandarin & Korean
English & Korean (p = .967)

To summarize the overall results: the [s—[] pair was rated as more different by the Mandarin
and English groups than by the Korean group; the [s—¢] pair was rated as more different by the
Mandarin group than by the English and Korean groups; and the [c—f] pair was rated as more
different by the Mandarin group than by the English and Korean groups.

3.2.2 Effect of Vowel Context

The mixed-factorial ANOVA including Vowel Context as a variable (Language [Mandarin,
English, Korean] x Pair [s, ¢, J, f, h] x Vowel Context [a_a], [i_i], [u_u]) yielded some unexpected
results, as shown in (15). The x-axis represents the different sound pairs, and the y-axis represents
the normalized z-scores. From this figure ((a): [u_u]; (b): [i_i]; (c): [a_a]), we can again see that
the similarity ratings differed mainly in the target pairs (indicated by the arrows).

(15) Similarity rating standardized results by Vowel Context
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Of interest here are the ratings of the target pairs [s—/], [s—<], and [¢—/], as shown in (16) ((a): [u_u];

(b): [i_i]; (c): [a_al).

(16) Anterior/posterior coronal sibilants similarity rating results by Vowel Context
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The Korean group showed a general tendency to provide stronger similarity ratings (mani-
fested as lower z-scores) for all the target pairs than the other two groups did. The one exception
to this tendency occurred in the [c—[] pair. In the [u_u] context (16a), the Mandarin group patterned
with the English group, in that the Mandarin and English listeners rated the target pairs as
more different than the Korean listeners. The factor Language was significant in the [s—] pair
(F(2, 60) = 13.124, p < .001, nzp = .09), and post-hoc tests showed that the significance came from
the difference between the Mandarin and Korean groups (p < .001), and between the English and
Korean groups (p < .01). No significant difference was found between the Mandarin and English
groups (p = .459). A significant Language effect was found in the [s—¢] pair (F(2, 60) = 17.510,
p < .001, nzp =.09). The significance came from the difference between the Mandarin and Korean
groups (p < .01), and between the English and Korean groups (p < .05). No effect was found for
the [¢—[] pair (F(2, 60) = .619, p = .542). The results for the [u_u] context showed that the Man-
darin and English listeners treated the anterior sibilant [s] and the posterior sibilants [f/c] as more
different from each other than the Korean listeners did.

In the [i_i] context (16b), the Korean listeners again rated the target pairs as more similar than
the other two groups did; again, the only exception was the [¢—[] pair, which the English listeners
rated as most similar. No statistical difference was found among the three groups for the [s—f] pair,
though a trend of more similar ratings from the Korean group was present (F(2, 60) = 2.956,
p = .06). The factor Language was significant in the [s—] pair (F(2, 60) = 4.966, p < .05, nzp = .05),
with the significance coming from the difference between the Mandarin and English groups, and
between the Mandarin and Korean groups (both p < .05); the difference in the ratings of the English
and Korean groups was not statistically significant (P = .896). There was a significant Language
effect for the [c—f] pair (F(2, 60) = 5.810, p < .01, n )= .05), although the z-scores from all three
language groups were below 0, indicating that the two sounds were very similar for all the listeners.
The significance came from the difference between the Mandarin and English groups (p < .01), and
between the Korean and English groups (p < .05). There was no significant difference between the
Mandarin and Korean groups (p = .898).

In the [a_a] context (16c), the [s—¢] pair was rated as more different by the Mandarin listeners
than by the other two groups, and a trend towards greater difference ratings from the English speak-
ers than from the Korean speakers was present. Subsequent analyses showed that the factor Language,
though not significant in the [s—J] pair (F(2, 57) = 2.483, p = .093), was significant in the [s—¢]
(F(2, 57) = 18.642,p < .001, v°, = .16) and [c—f] pairs (F(2, 57) = 5.187, p < .001,7°, = .28). Both
of the significant effects came from the difference between the Mandarin and Korean groups, and
between the Mandarin and English groups (all p <.001). No significant difference was found
between the English and Korean groups ([s—<]: p = .752; [¢—[]: p = .599).

Note that in the [a_a] context, the Mandarin speakers rated the [c—f] pair as more different than
the other two groups did. This result is surprising, given the fact that, in each language, one of these
sounds is absent: [f] does not exist in Mandarin/Korean, and [¢] does not exist in English. Why,
then, should Mandarin speakers perceive [¢c—f] as more different than speakers from the other
two groups? A possible explanation for this discrepancy is that Mandarin speakers usually perceive
and adopt the lip protrusion of the nonexistent posterior sibilant [J] to their native language as a
component of the front-rounded vowel [y] or glide [y] (e.g. Josh => [tchjaW(;y]; Michelle ->
[mic.,qzal,]).14 Since the design of the current experiment encouraged assimilation of non-native sounds

" An anonymous reviewer points out that the loan adaptation of [[] with rounding is Taiwan Mandarin-specific.
Mainland Mandarin, for example, does not do this, and thus the rounding might not have to do with the pho-
nology of the language, but with dialectal idiosyncrasies. Since the Mandarin participants were all Taiwan
Mandarin speakers, the explanation proposed earlier is still valid.
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to native sound categories (see 8§2.2 and 83.1.2), the more different ratings might be due to the fact
that Mandarin participants perceived the rounding on [f] as signaling the front-rounded glide [y].
In other words, the Mandarin listeners might have been comparing the similarity of [aca] and [acya],
and as a consequence have perceived the sound pair as more different than the English and Korean
listeners did.

The lower similarity ratings given by the Korean and Mandarin groups for the [¢—/] pair in the
[i_i] context could be explained the same way. Korean speakers, like Mandarin speakers, usually
perceive and adopt the rounding of the non-native [f] to their native language as a labial glide ["]
(e.g. she > [¢"i]; Schick > [¢"ik"i]) (Suh 2009). Thus, the Korean listeners might have been
comparing the similarity of [ici] and [ic"i], and thus rating the sound pair as more different than
the English listeners did. Conversely, Korean listeners did not rate the [¢—[] pair as more different
than the English listeners in the [a_a] context, presumably because, in this vowel context, the non-
native [J] is perceived as [¢c] (see (c) and (d) in (2)). Thus, Korean listeners rated the [¢—[] pair as
very similar. The statistical results are summarized in (17).

(17) Summary of similarity rating results by Vowel Context

[u_u] ***Simple effect of Language in [s—f] ***Mandarin & Korean
**English & Korean
Mandarin & English (p = .459)

***Simple effect of Language in [s—] **Mandarin & Korean
*English & Korean
Mandarin & English (p = .542)

Simple effect of Language in [c—f] (p = .542)

[i_i] Simple effect of Language in [s—/] (p = .06)

*Simple effect of Language in [s—] *Mandarin & English
*Mandarin & Korean
English & Korean (p = .896)

**Simple effect of Language in [c—/] **Mandarin & English
*Korean & English
Mandarin & Korean (p = .898)

[a_a] Simple effect of Language in [s—f] (p = .093)

***Simple effect of Language in [s—] ***Mandarin & Korean
***Mandarin & English
English & Korean (p = .752)

***Simple effect of Language in [¢c—f] ***Mandarin & Korean
***Mandarin & English
English & Korean (p = .599)
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4. Discussion

We expected the English listeners to judge the anterior sibilant and posterior sibilant pairs
([s—<] and [s—S]) as more different than the Korean listeners did, based on the different phonologi-
cal relationships among the sound pairs in these two languages: in English, although they participate
in a limited alternation, [s] and [J] may signal differences in meaning, and the choice of one versus
the other is not predictable from the environment; in Korean, on the other hand, the occurrence of
the anterior versus posterior sibilants is predictable based on distribution, and the two sounds
participate in regular and productive morphological alternations. The overall results suggest that, as
has already been reported in many previous studies (e.g. Boomershine et al. 2008; Goto 1971;
Johnson & Babel 2010; Werker et al. 1981), the phonological relationship affects the perceived
phonetic similarity of two sounds. We found that the Korean listeners rated the anterior and poste-
rior sibilants (both [s—¢] and [s—[]) as more similar to each other than did the English listeners. This
pattern was reliably present in the [u_u] context, and we observed a trend in the same direction for
the [a_a] and [i_i] contexts. Furthermore, the results from the English listeners, who rated the [s—/]
pair as very different, replicated those of Johnson & Babel (2010).

The similar judgments for the [c¢—J] pair among the English group echo the findings reported
in Lisker (2001) and McGuire (2007) that English listeners in general categorize the non-native
sound [¢] as /f/. Along the same lines, we should expect English listeners’ judgments on the [s—¢]
and [s—/[] pairs to be similar, since [¢] and [J] are perceived as members of the same category (/f/)
(Lisker 2001; McGuire 2007). The prediction holds for [a_a] and [u_u]: the ratings of the [s—] pair
were not significantly different from those of the [s—/] pair in these contexts ([a_a]: F(1, 19) = 1.514,
p =.234; [u_u]: F(1, 19) = 1.197, p = .288). However, this prediction does not hold for the [i_i]
context (F(1, 19) = 35.374, p < .001, nzp = .15): English listeners’ judgments on the [s—¢] pair in
the [i_i] context were significantly different from those on the [s—/] pair. Kathleen Hall (personal
communication, 2011) suggests that this pattern, in which English listeners judged [s—¢] as more
similar in the [i_i] context than in the other vowel contexts, might be explained as follows: English
listeners, encountering the non-native sound [c] in their native language, might have perceptually
assimilated it to the category /f/ in the [u_u] and [a_a] contexts (see Lisker, 2001; McGuire, 2007),
but treated [¢] as a positional variant of [s] in pre-palatal position, the [i_i] context. This account
could explain why the English and Korean groups appear to pattern together on ratings of the [s—¢]
pair, an otherwise surprising result since the anterior and posterior sibilants participate in different
phonological groupings in the two languages: the more similar ratings of this pair from the English
group were mainly driven by the [i_i] context.

The results from the English and Korean groups suggest that the similarity rating task employed
in this study, along with equivalent tasks that have been used in previous studies, does reflect the
phonological relationships between sounds in the participants’ native languages: English listeners
judged the anterior and posterior sibilants as more different than the Korean listeners did. We can
now turn to the Mandarin results. If distributional predictability in the absence of morphological
alternation is not a sufficiently robust indicator to allow two sounds to be grouped as variants
of the same phoneme, then we should expect the Mandarin listeners’ ratings of the anterior
and posterior sibilants to be more different than those of the Korean speakers. If distributional
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predictability alone is sufficient to group two sounds as variants of the same phoneme, then we
should expect the Mandarin speakers’ ratings to be comparable to those of the Korean speakers.

We found that the Mandarin listeners rated the anterior and posterior sibilants (both the [s—]
and [s—J] pairs) as more different from each other than did the Korean listeners, in all three
vowel contexts (the palatalization context [i_i] as well as the other vowel contexts). Crucially, the
Mandarin speakers rated the [s—] pair (whose components exist in complementary distribution, but
do not alternate) as significantly more different than did the speakers of Korean, for whom the two
sibilants do alternate. This suggests that Mandarin listeners, who are exposed to only distributional
evidence, are less likely to group the two sounds as variants of the same category than Korean
listeners, who are exposed to both distributional evidence and morphological alternation.

The possibility arises that it is differing levels of English proficiency, rather than a difference
in phonological relationships, that causes this Mandarin—Korean discrepancy; perhaps the Mandarin
speakers have established a posterior sibilant category as a result of greater exposure to English.
However, the Korean group actually rated their English ability slightly higher (4.65/7.00) than the
Mandarin group did (4.6/7.00); furthermore, the Korean participants were recruited in the United
States where English input is more abundant, whereas the Mandarin participants were recruited in
Taiwan where English input is limited. If degree of exposure to English were a major factor driving
the results, we should have seen the reverse bias: lower similarity ratings of the two sounds in the
Korean group as compared to the Mandarin group.

Of interest here are the by-vowel context results, as shown in (18) ((a): English; (b): Korean;
(c): Mandarin). The scores above 0 indicate ‘more different’ and the scores below 0 indicate ‘more
similar’.

(18) Similarity rating results by Vowel Context paneled by Language
1.2 (a) (b) = = (c)

0.8 English = Korean | Mandarin

Error bars; 95% CI

The similarity judgments from the listeners within each language group varied depending on
the vowel contexts for different sound pairs. Most importantly, although the Mandarin speakers’
similarity judgments patterned overall with those of the English speakers—the English and
Mandarin speakers rated the anterior and posterior sibilants as more different than did the Korean
speakers—we found that the similarity judgments of the listeners on these sound pairs from all three
languages varied according to the vowel contexts.
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For all three language groups, the perceived perceptual similarity within the anterior—posterior
pairs ([s—¢] and [s—[]) increased in the [i_i] context. It is not surprising that this context elicited
increased similarity ratings from the Korean (18b) and Mandarin listeners (18c), since in both these
languages, only one of the two sounds, [¢], can occur before the vowel i. The increased similarity
judgments from the Korean and Mandarin groups, though significantly more similar from the
Korean group than from the Mandarin group, suggest that both distribution and alternation are
relevant. In particular, the fact that these sounds were rated as more similar in the [i_i] context than
in the other non-palatal vowel contexts ([u_u] and [a_a]) for the Mandarin group suggests an effect
of distribution in the absence of alternations. That is, if alternation were the only factor used in
deciding sound membership, we should have seen a reduced phonetic distance between the anterior
and posterior sibilants in the [i_i] context for the Korean group only, but not for the Mandarin group,
since distribution would have been irrelevant. On the other hand, the degree of increased similarity
in the [i_i] context was significantly less robust in the Mandarin group than in the Korean group;
this finding suggests an effect of alternation. That is, if distribution were the only factor at play in
grouping sounds as members of the same category and alternation were irrelevant, we should have
seen a similar degree of reduced phonetic distance between the anterior and posterior sibilants in
the [i_i] context and in the other vowel contexts in the two language groups.

Interestingly, perceptual similarity also increased for the English listeners in the [i_i] context
(18a) (although English speakers still did not rate the sound pair similarity as high as the other two
groups did). In other words, vowel context had an effect on similarity rating even in a language in
which the two sounds under comparison are contrastive and signal lexical differences in all the
given contexts (e.g. see versus she, sue versus shoe, sock versus shock). Contrary to expectations,
we found more similar judgments by the English listeners in the [i_i] context than in the [u_u]
and [a_a] contexts. One possible explanation for this result is that, although the experiment was
conducted in such a way as to maximally bypass the acoustic level of processing, in the pre-palatal
context (before the high-front vowel [i]), the place of articulation of the anterior sibilant is produced
with some palatalization, and thus the phonetic distance between the anterior and posterior sibilants
is reduced. Another explanation for the increased perceptual similarity in English may be that, in
connected speech, the anterior sibilant alternates with the posterior sibilant in pre-palatal contexts
(e.g. miss [mis] ~ miss you [mifju]). The perceived phonetic distance between the two sounds
in the [i_i] context might be reduced because of this alternation. In other words, the reduced
perceptual distance could be due to the effect of phonetic alternation.

One might also wonder whether the increased perceptual similarity reported by the English
group in the [i_i] context was due to the morphological alternations discussed in §2.1.1. This
possibility is unlikely, however, since the morphological alternations between the two sounds are
limited to certain suffixes that do not necessarily provide the pre-palatal context. In other words,
these alternations are morphologically conditioned, and do not necessarily depend on phonological
environment. If the increased perceptual distance were due to the morphological alternations, we
should have observed a similar effect in other vowel contexts, just as we did in Korean.

An anonymous reviewer expresses concern that the recording of the stimuli by a native
Mandarin speaker might be a confound in the relative perceptual prowess of the Mandarin versus
English and Korean speakers. In other words, the across-the-board better perception among the
target sound pairs in different vowel contexts from the Mandarin participants could be due to the

522



Language and Linguistics 17(4)

‘Mandarin-ness’ of the stimuli, instead of the lack of alternation. However, while familiarity of the
stimuli might be a factor, the effect should be very marginal since, except for the three target pairs,
the rating scores were not significantly different across the three language groups. That is to say, if
familiarity were the main cause driving the better perception, we should have seen the same effect
for other sound pairs.

The same reviewer suggests another possible interpretation for the better perception from
the Mandarin group: due to a phonotactic restriction where [¢] only occurs before [i/j], Mandarin
speakers might hear an onglide between [¢] and the following segment in other vocalic contexts,
namely [acja] and [ucju]. If that is the case, then the better perception from the Mandarin listeners
between [s] and [¢] was not due to the lack of allophonic relation between the two sibilants, but
because these speakers were sensitive to the @ versus [j] difference. However, Korean is subject to
the same phonotactic restriction. If the better perception from the Mandarin group were due to the
@ versus [j] difference, we should have observed the same facilitation in the Korean group.

Another possible confound, pointed out by another reviewer, is the orthographic difference in
the representation of [s] and [¢] in Mandarin versus Korean. In Mandarin, both Zhuyin Fuhao and
Pinyin spell the two sounds differently, while in Korean, the two sounds are spelled with the same
symbol. This is an unavoidable confound unless pre-school-aged children are used as participants
to see if the same results are found. This will be left for future study.

To summarize the results, we found overall higher difference ratings on the similarity judgment
tasks from the English and Mandarin listeners than from the Korean listeners. This finding suggests
that speakers who have access only to distributional evidence (anterior/posterior sibilants in
Mandarin) are less likely to analyze sounds as members of a single category than speakers who are
exposed to evidence from both distribution and morphological alternation (anterior/posterior sibilants
in Korean). We also found that the similarity ratings in the pre-palatal context ([i_i]) were signifi-
cantly lower for the Korean group than for the Mandarin group, suggesting that distribution reinforced
by alternation produces a stronger motivation for the postulation of a unique underlying phoneme
than does distribution alone.

5. Conclusion

This paper began by speculating about the sort of evidence that causes native speakers to ana-
lyze two sounds as members of a single phoneme category. | investigated how native speakers of
English, Korean, and Mandarin rated the similarity of anterior and posterior coronal sibilants, two
sounds that participate in different phonological relationships in these three languages. The results
from the English and Korean groups showed that the different relationships were reflected in their
similarity judgments. As expected, the Korean listeners, in whose language the two sounds are in
complementary distribution and participate in productive morphological alternations, rated these
sounds as more similar than did the English listeners, in whose language the two sounds are not
predictable from the phonological environment. The similarity judgments of the Mandarin group,
in whose language the two sounds show distributional predictability but do not participate in
morphological alternations, resembled those of the English group rather than the Korean group.
Consequently, the results support the conclusion that alternation reinforces the mapping of two
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sounds to the same category, giving a stronger effect than that of distribution alone. These results
also lend support to phonological models in which the principle of economy is not assumed in sound
relationships and in which the role of morphological alternation is made explicit (e.g. the assumption
of Lexicon Optimization in OT).

Several important questions have emerged from these findings. If both distributional predict-
ability and morphological alternation contribute to the determination of sound membership, this
raises the question of why, in the case of Mandarin, the lack of morphological alternation between
the two sounds seems to be taking precedence over the predictability of the phonological environ-
ments (indicated by the overall more different ratings of the anterior and the posterior sibilants in
the Mandarin group versus the Korean group). This is an interesting finding, given that alternation
does not seem to account for the English results in the same experiment (indicated by the overall
more different ratings in the English group versus the Korean group). The limited morphological
alternation discussed above might explain why the unpredictability of the two sounds from the
phonological environments seems to be taking precedence in the English case. This speculation leads
to a follow-up question: Is there a frequency threshold of a certain factor (e.g. the limited morpho-
logical alternation in English versus the productive alternation in Korean) that pushes learners to
categorize two sounds one way or another? In other words, how limited is limited and how produc-
tive is productive? Directions for future research include the introduction of quantitative measures
for each of the criteria used to measure phonological contrastiveness and the weighting of different
factors that play a role in determining phonological relationships.
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