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Abstract of the Dissertation
The Role of Alternation in Phonological Relationships

by
Yu-an Lu
Doctor of Philosophy
in
Linguistics
Stony Brook University

2012

The concept of phonological relationships has been central in most, if not all, theories of
phonology. The goal of this dissertation is to determine the contributions of two factors,
distribution and alternation, in leading speakers to group sounds as members of the same
category. Using previously established methods of testing speakers’ perception and processing of
sounds—similarity ratings, discrimination on a continuum, and semantic priming—I investigate
the processing of coronal fricatives in three different languages: (i) English, in which the contrast
between s and sh may signal differences in meaning (as in see vs. she), though the two sounds
participate in limited morphological alternations as in press/pressure; (ii) Korean, in which s and
sh are in complementary distribution and participate in regular and productive morphological
alternations; and (iii) Mandarin, in which s and sh are in complementary distribution but do not

participate in allomorphic alternations due to Mandarin’s lack of affixation and its phonotactic



restrictions. The relationship between s and sh in Mandarin, due to the conflicting evidence from
distribution and alternation, has been a matter of controversy. The results from the similarity
rating experiment showed that both the Mandarin and English speakers rated s vs. sh as more
different than did Korean speakers, suggesting that the Mandarin speakers, who have access only
to distributional evidence, are less likely to treat s/sh as members of a single category than the
Korean speakers, who are exposed to evidence from both distribution and morphological
alternation. Furthermore, the judgments from the speakers of all three languages varied in
different vowel contexts, suggesting that the assignment of two sounds as members of the same
or separate categories is not necessarily absolute. These findings suggest that multiple factors
contribute to the formation of phoneme categories and that phonological relationships are

gradient rather than categorical.
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Chapter 1 Introduction

Most phonologists have recognized the need to distinguish sound differences (or feature
differences) that are contrastive from those that are not. The traditional definition of contrast has
relied heavily on the distribution of two given sounds. If two sounds occur in the same
environment and substituting one for the other may signal lexical differences, then the sounds are
considered to be in contrast, belonging to discrete phoneme categories (e.g., Swadesh 1934;
Bloch 1948, 1950; Harris 1951; Moulton 1962; Trubetzkoy 1969; Dixon 1970; Vennemann 1971,
Banksira 2000; Hualde 2004; Bullock & Gerfen 2005; Hall 2009). The classic test for contrast is
by way of the minimal pair test: a minimal pair (e.g., [si] ‘see’ vs. [fi] ‘she’) consists of two
forms with distinct meanings that differ by only one segment found in the same phonological
context (Trubetzkoy 1969). On the other hand, two phonetically similar sounds in
complementary distribution, where the choice of one vs. the other is predictable from the
environment, are considered to be non-contrastive allophones, members of the same phoneme
category (Trubetzkoy 1969: 46). An often-used example to demonstrate variants of the same
phoneme in complementary distribution is through a superhero analogy. Superman and his alter
ego Clark Kent differ in superficial aspects, but they are identical in terms of height, hair color,
etc., demonstrating a property analogous to phonetic similarity. Furthermore, because they are

variants of a single person, they can never be found in the same environment, demonstrating the



property of complementary distribution. However, as Hall (2009) has demonstrated,
predictability from context is not necessarily all-or-nothing. Hall argues that the difference
between contrastive phonemes and allophonic variants is therefore gradient rather than

categorical based on distributional predictability.

Distributional restrictions may serve as static constraints on lexical items. However,
when the choice of variant is dependent on context, we frequently also find morphological
alternations; that is, morpho-syntactic processes (e.g., affixation, compounding) that change the
phonological context in which a sound appears may cause a single morpheme to exhibit different
variants in different contexts. Therefore, alternation may also be a criterion for determining the
relationships among sounds (Baudouin de Courtenay 1972; Anderson 1985). For example, the
last sound in the morpheme ride [1aid] alternates with [r] when the same morpheme is suffixed
with -er, which provides a tapping environment (i.e., intervocalic position preceding an
unstressed syllable), as in rider [1air-o]. Given the fact that this kind of morphological
alternation provides evidence for considering [d] and [r] as variants of the same phoneme
category, alternation is not always an indicator of phoneme membership, since the contrast
between separate phonemes may be neutralized in some contexts created by morphological
processes (Trubetzkoy 1969). Dutch final devoicing is such a case where the contrast between

voiced and voiceless obstruents is neutralized in word final position, causing a single morpheme



to be realized with either a voiced or voiceless obstruent depending on context (e.g., /not/ “nut’,

sg. [not] vs. pl. [not-a]; /nod/ “necessity’, sg. [nod] vs. pl. [nod-a]).*

Other criteria used to determine whether sounds are contrastive or not 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. However, in many cases only a
subset of these factors is applicable, and in some cases different criteria may yield conflicting
results. Then what factors cause language learners to assign sounds to different categories or to a

single category?

The goal of this dissertation is to determine the contributions of predictability and
alternation in leading speakers to group sounds as members of the same phoneme category. I
investigate the processing of coronal fricatives, s and sh, in three different languages (English,
Korean, and Mandarin) in which the two sounds participate in different types of relationships.
The relationship between s and sh in Mandarin has been a matter of long-standing controversy.
The choice of Mandarin s vs. sh is largely predictable from the environment: the palatal sh
occurs before high-front vowels [i, y] or glides [j, y], and s occurs in the context of non-high-

front vowels or glides. However, despite this predictable distribution, the two sounds do not

! Note that the case of neutralization in Dutch has been shown to be incomplete (see Warner et al. 2004 and the
references in there).
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participate in morphological alternations, due to Mandarin’s lack of affixation and its stringent
restrictions on possible syllable structures (e.g., Chao 1931, 1934; Hartman 1944; Cheng 1968,
1973; Lin 1989; Chiang 1992; Wu 1994; Yip 1996; Duanmu 2007). In other words, there are no
morphological conditions in which we see s and sh alternating to support the relatedness of the
two sounds in Mandarin (section 1.3.3). The distributional predictability of these sounds has led
some researchers to argue that s and sh should be considered variants of the same category, while
the lack of alternations has led others to argue that s and sh should be considered separate
categories. To help settle this question, I compare Mandarin speakers’ treatment of these sounds
with the treatment of parallel sounds by speakers of two other languages. English differs from
Mandarin in that the distribution of s and sh is not predictable from the environment, and the
difference between the sounds may be used to signal lexical differences (although the sounds do
participate in limited alternations, as in press/pressure, section 1.3.1). Korean, on the other hand,
shares with Mandarin the predictable distribution of s and sh, but differs from Mandarin in that
these sounds also participate in regular and productive morphological alternations (section 1.3.2).
Note that although I will use the spelling sh to represent the post-alveolar fricatives in English
(IfD and in Korean and Mandarin ([¢]), these sounds are phonetically different. Ladefoged and
Maddieson (1996) describe the major difference between [{] and [¢] as “in the degree of raising
of the front of the tongue” (1996: 153), adding that “f has added lip rounding or protrusion”

(1996 148).

I will report on three experiments designed to investigate the behavior of speakers of

these three languages with respect to the s/sh sound difference. If distributional predictability



alone is sufficient to cause learners to assign two sounds to a single category, we would expect
Mandarin and Korean speakers to treat these sounds similarly, in contrast to English speakers,
who should assign them to different categories. On the other hand, if alternations are a necessary
criterion for causing learners to analyze two sounds as members of a single phoneme category,
we would expect Mandarin speakers to pattern with English speakers, in contrast to Korean

speakers, for whom s/sh regularly alternate.

Three methods were used to probe the way in which speakers analyze the relationship
between the two sounds: similarity ratings (Chapter 2), discrimination on a continuum (Chapter
3), and semantic priming (Chapter 4). These probes were chosen based on previous studies,
discussed in section 1.2, showing that variants of the same phoneme are processed differently
than contrastive phonemes. The results, taken together, suggest that there is not a simple answer
to the question of whether two sounds are members of the same category, that multiple factors
contribute in deciding category membership, and that phonological relationships are gradient
rather than categorical (Goldsmith 1995; Hall 2009). In the similarity rating experiment, both the
Mandarin and English speakers rated s vs. sh as more different than did Korean speakers. These
results suggest that the Mandarin speakers, who have access only to distributional evidence for a
relationship between s and sh, are less likely to treat these sounds as members of a single
category than the Korean speakers, who are exposed to evidence from both distribution and
morphological alternation for a s/sh relationship. However, in the discrimination experiment, in
which speakers of all three language groups were presented with pairs of sounds varying by

equal intervals on a s-sh continuum, language background did not correlate with significant



differences in the ability to discriminate the two sounds (see discussion in Chapter 3). Finally, in
a semantic priming experiment, the English speakers’ results showed no evidence for a priming
relationship between s and sh while for the Mandarin and Korean speakers, the results supported
a priming relationship between s and sh. These results suggest that the Mandarin and Korean
speakers, who are both exposed to distributional evidence supporting a s/sh relationship, showed

similar effects of the s/sh difference in lexical processing (see discussion in Chapter 4).

The fact that the results of these experiments did not yield a uniform pattern—the
Mandarin group patterned with the English group in their similarity judgments, but patterned
with the Korean group in the semantic priming experiment—suggests that the assignment of
these sounds to phoneme categories is gradient rather than absolute, as argued by Hall (2009).
Furthermore, in the similarity rating experiment, judgments from the speakers of all three
languages varied in different vowel contexts, suggesting that the assignment of these sounds to
phoneme categories varies according to the environment in which s and sh reside (see discussion
in Chapter 2). In Chapter 5 | discuss the implications of these results for the assumptions made
by different phonological theories. The following sections briefly lay out the extent to which the
role of alternation, as opposed to predictable distribution, has been used in different phonological
analyses to group sounds as members of the same category (section 1.1), as well as some
psycholinguistic studies suggesting that morphological alternations may affect speakers’
perception of sounds (section 1.2). Section 1.3 provides a summary of the status of the coronal

fricatives in the three languages investigated in the dissertation. The comparison of the results



from the experimental probes in the three languages enables us to access the relative

contributions of predictability and alternation.

1.1 The role of alternation vs. distribution in defining phonological relationships

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). Morphological alternation has sometimes even
been argued to be irrelevant to phonological analyses (e.g., Trager 1934; Hockett 1942). For
example, Trager (1934: 340) argued that alternation “does not properly concern us in a purely
phonemic study.” Silverman (2006), on the other hand, argues that “learning allophonic relations
is dependent upon learning allomorphic relations” (Silverman 2006: 26) and that “the only way
sounds can be allophonically related is if they alternate with each other” (Silverman 2006: 88).
One of Silverman’s arguments for alternation as the only diagnostic, and his rejection of
distributional predictability, comes from Akan, a language of Ghana. In Akan, the choice of
dorsal [K] vs. palatal [t¢] is largely predictable from the phonological environment. The palatal
[te] occurs before non-low front vowels ([i, 1, €, €]), as in (a-c) in Table 1-1, while the dorsal [K]

occurs before other vowels ([u, u, 0, 9, a]), as in (d-f).



Table 1-1 Complementary distribution of [k] and [t¢] in Akan

a. ftee ‘divide’

b. teim ‘umbrella’
C. otege ‘river’

d. ko? ‘go’

e. kun ‘kill”

f. ka ‘to bite’

In face of the predictable distribution, some phonologists might posit a single underlying
representation for the two sounds, and derive surface [t¢] via a palatalization rule. However,
Silverman argues that a reduplication process in Akan provides evidence against deriving these
two sounds from a single category. As shown in Table 1-2, the reduplicative prefix consists of a
copy of the initial consonant of the base, followed by a vowel that is high but shares the backness,
roundness, and tenseness of the base vowel (e.g., [e]«<>[i]; [e]«<>[1]; [0]<[u]). Because there is no

high back unrounded vowel, the raised correspondent of the nonround back vowel [a] is [1].

Table 1-2 Reduplication in Akan

a. si+si? ‘stand’
b. su+so? ‘seize’
ki+ka? *ter+ka? ‘bite’

In (c), where the base vowel is [a], the dorsal consonant is placed before a front vowel [1]
in the reduplicative prefix, the context where the palatalization rule should apply. Silverman thus

argues that Akan speakers, who are exposed only to evidence from static distribution, do not



make the generalization that [k] and [t¢] are derived from the same underlying representation

(Silverman 2006: 104).2

However, McCarthy & Prince (1995) provide an analysis of these facts within the
framework of Optimality Theory (Prince & Smolensky 1993) which allows general distributional
constraints to be violated only in reduplicative affixes by appealing to the special nature of the
relationship between base and reduplicant. The case of Akan is analyzed using constraints that
demand identity between the place features of the consonant in the base (e.g., the dorsal
consonant in [ka?]) and the place features of the copied consonant in the reduplicant ([ki+ka?]).
These base-reduplicant correspondence constraints outrank the general structural well-
formedness requirements which govern the distribution of [K] and [t¢]. This analysis does not
require a commitment to deriving [k] and [t¢] from the same underlying segment, but at the same

time takes into account the distributional relationship between the two sounds.

As the above discussion illustrates, agreement on a set of criteria determining
phonological relationships has not been reached. The next section reviews related
psycholinguistic studies on the perception and processing of sounds with different phonological

relationships.

2 See also a review of Silverman’s arguments in Dunbar & Idsardi (2010).



1.2 The role of alternation vs. distribution in psycholinguistic studies

Several studies have provided experimental evidence that sounds considered to be
variants of the same phoneme are processed differently from sounds considered to be contrastive
phonemes (e.g., Beckman & Pierrehumbert 2000; Sumner & Samuel 2005; Kazanina et al. 2006;
Ernestus & Baayen 2007), and that speakers find sounds considered to be allophones of a single
phoneme harder to discriminate or identify than sounds considered to be separate phonemes
(e.g., Lisker & Abramson 1970; Lasky et al. 1975; MacKain et al. 1981; Werker & Lalonde
1988; Lisker 2001). For example, Beckman & Pierrehumbert (2000) asked speakers of English
and Korean to identify tokens of Korean [si], [S’i], [¢i], and [¢’i] syllables (where the apostrophe
indicates a tense or fortis sound) as containing either of the coronal fricatives s and sh (using the
English orthography). As discussed above, Korean dental fricatives [s/s’] do not occur before the
high front vowel [i], and palatal fricatives [¢/¢’] do not occur before [i]; furthermore, the two sets
of fricatives participate in morphological alternations. The results showed that the English
listeners successfully identified [s/s’] tokens as s, and [¢/¢’] tokens as sh, while the Korean
speakers identified the tokens at a chance level. Beckman & Pierrehumbert concluded that the
successful identification of s and sh from the English speakers reflected the phonemic status of
the two sounds in English, in which s and sh may occur in the same environment and signal
lexical differences, as in see vs. she. The chance-level rate of correct identification from the
Korean speakers reflected the non-phonemic status of the two sounds in Korean, where dental
fricatives and palatal fricatives are in complementary distribution and participate in rich and

regular morphological alternations.
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Along with the experimental evidence suggesting that variants of the same phoneme are
harder to discriminate/identify than sounds considered to be contrastive phonemes, there is some
evidence that alternations may lead speakers to have greater difficulty in discriminating the
alternating sounds even when the sounds would not otherwise be considered allophonic (Huang
2001; Pierrehumbert 2006b; Ernestus & Baayen 2007). For example, in Mandarin, tone
alternations may affect discrimination of tones that are normally contrastive. The difference
between Tone 2 (mid-rising, 35) and Tone 3 (low-falling-rising, 214) is contrastive, signaling
lexical differences, as shown in the minimal pair ma ‘hemp, T2” and ma ‘horse, T3’. However, in
a sequence of two T3 syllables, the contrast is neutralized, with the first T3 becoming T2 (Chao
1968; Shih 1997), as shown in the following examples.

(1) T3->T2/_T3in Mandarin

a. hao ‘good’; T3 T ey P
b hao ‘Dig’: T2 + ya ‘rain’; T3 - [héo yi]

‘good rain’; T2 +T3
‘big rain’; T2+T3

In (1a), the same morpheme hdo is realized as T2 hao when compounded with another T3

morpheme vyii.

Huang (2001) showed that when asked to determine whether two tones were the same or
different in an AX paradigm consisting of pairs of single syllables, Mandarin-speaking listeners
responded more slowly to pairs containing T2 and T3 than to other pairs of tones. Hume &
Johnson (2003) argued that this perceptual confusability results from the fact that the contrast
between T2 and T3 is neutralized before T3, even though the tones were not presented in this
environment in the experiment. Hume & Johnson thus conclude that the predictability of the two
tones before T3 reduces perceptual distinctiveness for native listeners.

11



The discussion in this section and the previous section makes clear that there has not been
general agreement on a set of criteria defining phonological relationships. Predictable
distribution, the traditional definition of contrast, is not without challenges, particularly since the
distribution is not a simple all-or-nothing notion (Hall 2009), as illustrated by the partial
predictability/neutralization case of Mandarin T2/T3 mentioned above. And although
morphological alternation can reinforce distributional predictability, there is not necessarily a
perfect correspondence between distribution and the presence of alternations, as illustrated by the
Akan [K]/[t¢] case. This dissertation examines the relative contributions of morphological

alternation and distribution in sound memberships.

1.3 Languages

To tease apart the relative contributions of distribution and alternation in motivating
speakers to assign sounds to phonological categories, this dissertation compares the behavior of
speakers of Mandarin, in which s and sh are in complementary distribution but do not participate
in alternations; English, in which these sounds are not predictable from the phonological
environment but show limited alternation; and Korean, in which these sounds are in
complementary distribution and regularly alternate. This section presents background on the

languages that are investigated in this dissertation.

12



1.3.1 English

English s (/s/) and sh (/f/) may occur in the same contexts, giving rise to minimal pairs
such as sea [si] vs. she [fi]. These sounds may alternate optionally at the phonetic level when /s/
is followed by a palatal (miss [mis] ~ miss you [mifju]), and in morphological contexts
associated with a small set of derivational suffixes (oppress [opies] ~ oppression [opiefon];
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 /f/ is a very
salient aspect of the English phonological system. In English /{/ cannot be derived from [sj]—
underlying /Cj/ is only allowed before /u/ in words like muse, and /s/ and /{/ contrast in final
position where /j/ is phonotactically excluded, as in lass [las], lash [laf], etc.” Thus, English
will be considered a case where distributional evidence supports the view that these sounds

constitute separate categories, while evidence for grouping them together is weak.*
1.3.2 Korean

Korean provides a case in which both distribution and alternation point to the analysis of

s ([s]) and sh ([¢]) as members of a single category. The two sounds occur in distinct

¥ Zsiga (1995) argues from acoustic and electropalatographic data that post-lexical palatalization is a different
process from lexical palatalization.

* From Wiktionary (http:/en.wiktionary.org/wiki/Appendix:English_suffixes, retrieved on 6/27/2012, 8:56PM),
there are 312 derivational suffixes listed, among which, 167 are vowel initial. Only 4 out of the 167 vowel-initial
suffixes trigger palatalization (i.e., -ial, -ion, -ious, -ure), with half of which providing the pre-palatal contexts (-ial
and -ious).
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environments: [¢] occurs before the high front vowel [i] and glide [j] (mainly in loanwords), and
[s] occurs elsewhere (Sohn 1999; Iverson & Lee 2006; Kim 2009). Table 1-3 provides the
Korean consonant inventory with the target fricatives shaded and Table 1-4 illustrates that [¢]

occurs only before [i] or [j], as in (a)-(f), and [s] occurs elsewhere, as in (g)-(i).

Table 1-3 Korean consonant inventory

Stop Fricative Liquid Nasal Glide
Lax Asp. Tense Lax  Tense
Labial p p" p’ m W
Dental t t" t’ s s’ I n
Palatal te te" te’ ¢ ¢’ ]
Velar k K" k’ y
Glottal h

Table 1-4 Complementary distribution of Korean [s] and [¢]

a. [ei] ‘poem’

b. [eikan] ‘time’

c. [ejamp"u] ‘shampoo’
d. [ejap] ‘shop’

e. [ejup"a] ‘super’

f.  [ejo] ‘show’

g. [sal] ‘flesh’

h. [sul] ‘alcohol’

i [se] ‘bird’

Korean [s] and [¢] also alternate before different vowel suffixes, as shown in Table 1-5.
Before the suffix -e, indicating locative case, [s] occurs; before the suffix -i, indicating

nominative case, the same morpheme is realized with [¢].
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Table 1-5 Morphological alternation of [s] and [¢] in Korean

[nas-e] ‘sickle-locative’

/nas/ . . e
[nae-i] sickle-nominative

Ikos/ [kos-(_e] :place-locat_ive’_ ,
[koe-i] place-nominative

Ius/ [pus-e] ‘writing brush-locative’

pus [pue-i] ‘writing brush-nominative’

Unlike the s and sh in English, Korean s and sh occur in predictable environments, and
participate in productive morphological alternations. In other words, Korean speakers not only
see Clark Kent and Superman in distinct environments (complementary distribution), but also

see the same individual enter a phone booth as Clark Kent and leave as Superman.

However, the assumption of the perfect complementary distribution of s and sh ([¢]) in
Korean has been questioned, based on the occurrence of words transcribed as [ejap] ‘shop’,
[ejup"a] ‘super’, and [¢jo] ‘show’ (c.f., (d)-(f) in Table 1-4). Given the lack of contrast between
[¢] and [¢j], such forms might be analyzed as either underlying /sj/ realized as [¢] (see the
summary of possible analyses of the consonant-glide combination in Suh (2009b: 4), and the
references there), or as containing the palatal fricative before back vowels, such as [e¢ap] ‘shop’,
[eup"a] “super’, and [¢0] ‘show. In the latter analysis, Korean s and sh would not be considered
to be in perfect complementary distribution since in the context of back vowels, both s and sh
may occur (e.g., [eap] ‘shop’ vs. [sap] ‘shovel’). However, even if the two sounds s and sh are
not in full complementary distribution in Korean, their distribution is still restricted, in that s

never occurs before high-front vowel [i] and sh never occurs before non-round mid vowels [i].
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1.3.3 Mandarin

In Mandarin, four series of phonetically similar sounds—dentals, palatals, retroflexes and
velars, as shown in the shaded box in Table 1-6—are in complementary distribution (e.g., Chao

1934; Hartman 1944; Cheng 1968; Yip 1996; Duanmu 2007; Wan 2010).

Table 1-6 Mandarin consonant inventory
Labial p p" f m
Alveolar t " I n
Dental ts ts" s
Palatal te te"

Velar k K" x/h n
Retroflex ts ts" s z,

The dental, velar, and retroflex series never occur before high front vowels [i, y] and their
corresponding glides [j, y], and palatal sibilants never occur before non-high front vowels or

glides, as shown in Table 1-7 (Cheng 1973; Duanmu 2007).

Table 1-7 Complementary distribution of Mandarin fricatives

¢ te tef always before high-front vowels [i/y]or glides [j/y]
(e.9., [¢i] ‘wash’; [¢ja] “blind’; [¢jo] ‘rest’; [eye] ‘snow’)
x/h k k"
- never before [i/y] or [j/y]
i ti tih (e.q., [sa] ‘spread’; [so] ‘gather’)

The distribution of [s] and [¢] in Mandarin is similar to the distribution of these sounds in
Korean: [¢] occurs before high-front vowels/glides, and [s] elsewhere. However, due to

Mandarin’s lack of affixation and its stringent restrictions on possible syllable structures, the
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sounds in these series never display alternations.® Mandarin s ([s]) and sh ([¢]) thus provides a

good comparison with the comparable sounds in the other two languages.

However, as in Korean, there has been disagreement concerning the perfect
complementary distribution of Mandarin [s] and [¢]. Li (2008) states that in the context of the
vowels /a/ and /o/, [s] and [¢] are robustly contrastive because there is no obvious glide present
after [¢] ([sa] “spread’ vs. [¢a] ‘blind’; [s0] ‘gather’ vs. [¢0] ‘rest’; c.f., Table 1-7) (Li 2008: 17).
On the other hand, Duanmu (2007) argues on the basis of the distribution of glides that the
reason why there is no obvious glide present after [¢] is that Mandarin onsets have only a single
slot, which a consonant and glide must share, and [¢] is actually a surface realization of the
consonant-glide combination /sj/ (/sa/->[sa] ‘spread’ vs. /sja/->[ea] ‘blind’; /so/->[so] ‘gather’
vs. /sjo/->[eo] ‘rest’). Duanmu’s argument, along with others (e.g., Chao 1934; Hartman 1944;
Cheng 1968; Lin 1989; Chiang 1992; Wu 1994; Yip 1996), suggests that Mandarin [s] and [¢]
are in complementary distribution. However, whether s and sh in Korean and Mandarin are in
perfect complementary distribution, or whether they overlap in some but not all contexts, the
distributions of the two sounds in Korean and Mandarin are restricted, and different from that of

these sounds in English, in which these sounds can occur in the same context. Furthermore,

> Only dental nasal /n/ and velar nasal /n/ can occur in coda position, and codas do not re-syllabify to a following
onsetless syllable. The fricatives in question do not occur in coda position.
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unlike Korean, these sounds in Mandarin never display alternations. Mandarin [s] and [¢] thus

provide a good comparison with the comparable sounds in the other two languages.

The different types of relationships between the coronal fricatives s and sh (English [{]
and Korean/Mandarin [¢]) in these three languages are summarized in Table 1-8. The
parentheses around the English checkmark indicate that the morphological alternations of s and

sh are limited in English (see section 1.3.1).

Table 1-8 Languages

Mandarin Korean English
Distribution \ V
Alternation \ ()

The differences in the application of the factors used to define phonological relationships
of these three languages will help us determine the relative contributions of predictability and
alternation in leading speakers to group sounds as members of the same phoneme category.
Since Korean provides a case in which both distribution and alternation point to the analysis of s
and sh as members of a single category, these sounds in Korean will be taken as a baseline. |
consider the following somewhat simplified hypotheses to guide the discussion, Distribution
Alone Hypothesis, Alternation Alone Hypothesis, and Distribution Plus Alternation Hypothesis.
If distributional predictability is a sufficient condition for causing speakers to group sounds into
a single phonological category (i.e., the case of s/sh in Mandarin)—in other words, if distribution
alone is as strong as distribution plus alternation (i.e., the case of s/sh in Korean)—we expect the
results from the Mandarin group to be similar to those from the Korean speakers, and to be

different from those of the English speakers (Distribution Alone Hypothesis). If alternation is a
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sufficient condition to cause speakers to group sounds together (i.e., the case of s/sh in
English)—in other words, if alternation alone is as strong as distribution plus alternation—then
English and Korean speakers should pattern similarly (though probably in a way that reflects the
much weaker evidence from alternations in English) (Alternation Alone Hypothesis). If
distribution, as well as alternation, is necessary to cause speakers to group sounds as a single
category—in other words, having one or the other is not sufficient—then we expect the results
from the Mandarin group and from the English group to pattern similarly, and to be different
from the Korean group (Distribution Plus Alternation Hypothesis). In the dissertation, 1 will not
pursue the Alternation Alone Hypothesis, based on previous findings showing that English
speakers’ perception reflects the contrastive status of s and sh. Johnson & Babel (2010), in a
similarity rating experiment, showed that English participants rated s and sh as more different
than did Dutch participants, in whose language s and sh are considered to be variants of the same
phoneme category. Johnson & Babel concluded that the different rating patterns reflect the
different phonological status of the two sounds in English and in Dutch: s/sh are contrastive in
English but are allophonic variants of the same phoneme in Dutch (see more on this experiment
in Chapter 2). Furthermore, as mentioned in section 1.2, English participants, in an identification
task (Beckman & Pierrehumbert 2000), showed categorical perception of s and sh while Korean
participants showed only chance level perception, corresponding to the non-phonemic status of s
and sh in their native language. These previous findings suggest that the limited morphological
alternations of s/sh in English are not sufficient to draw a comparison with the two sounds in
Korean, in which s/sh participate in rich and regular morphological alternations, and that English

listeners’ perception reflects the contrastive status of s and sh.
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The predictions of the two hypotheses are shown in Table 1-9 with the predicted patterns

among the three languages boxed.

Table 1-9 Predictions

Distribution Alone Hypothesis

Mandarin Korean English
Distribution \ V
Alternation \ ()
Distribution Plus Alternation Hypothesis

Mandarin Korean English
Distribution \ V
Alternation \ ()

The experiments presented in the following chapters yield mixed but interesting results,
suggesting that there is no simple answer to the question of whether two sounds are members of
the same category. Rather, the relationship between two sounds is determined by multiple factors

and is not always absolute and categorical (Goldsmith 1995; Hall 2009).

The implications of the findings in the dissertation are threefold. First, the findings have
implications for the criteria used to determine category membership cross linguistically. Second,
the findings provide psycholinguistic evidence relevant to the long-standing debate on the
analysis of Mandarin palatals. Third, the findings shed light on the assumptions and definitions
of different phonological models. The implications for different phonological theories will be

discussed in Chapter 5.

The rest of the dissertation is structured as follows. Chapter 2 presents the experiment on

similarity ratings of s/sh by the three language groups, showing that overall, Mandarin and
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English speakers’ ratings of s and sh were more different from those of speakers of Korean. The
results suggest that Mandarin speakers, who have access only to distributional evidence, are less
likely to treat s/sh as members of a single category than Korean speakers, who have access to
distributional evidence as well as morphological alternation, supporting the Distribution Plus
Alternation Hypothesis. Furthermore, the results also showed that the similarity judgments from
the speakers of all three languages varied in different vowel contexts, suggesting that
phonological relationships are gradient rather than categorical and depend on multiple factors.
Chapter 3 presents the experiment on discrimination of s/sh by English, Korean, and Mandarin
speakers. The accuracy results of this experiment did not yield a difference in the ability to
discriminate the two sounds according to language background. These results seem to contradict
the results of the first study, in which English and Mandarin speakers patterned together in
contrast to Korean speakers. Furthermore, the response time results showed that the English
speakers patterned with the Korean speakers in that, overall, they took less time than did the
Mandarin speakers in their discrimination of s/sh. In Chapter 3 I discuss possible explanations
for the discrepancy between the results of the similarity rating and discrimination experiments.
Chapter 4 presents the experiment on the semantic priming of s and sh by English, Korean, and
Mandarin speakers. The results showed that English s and sh did not exhibit a priming relation
while Mandarin and Korean s and sh did. The results again seem to contradict the Distribution
Plus Alternation Hypothesis, which predicts that the Mandarin speakers should pattern with the
English speakers and deviate from the Korean speakers. | will discuss possible explanations of
these results in Chapter 4. Finally, Chapter 5 provides the implications of the findings and

concludes the dissertation.
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Chapter 2 Similarity Ratings

This chapter presents the results of a similarity rating experiment designed to investigate
how English, Korean, and Mandarin speakers perceive the relative similarity of the target
fricatives, s and sh. The experiment was designed based on research showing that sounds that are
allophonic variants of the same phoneme in the participant’s native language are perceived as
more similar than sounds that belong to different phoneme categories (Harnsberger 2001,

Boomershine et al. 2008; Babel & Johnson 2010).

In English, s and sh occur in the same context and substituting one for the other may
signal a difference in meaning. In Korean s and sh are in complementary distribution and
participate in regular and productive morphological alternations. In Mandarin, s and sh are in
complementary distribution but do not participate in allomorphic alternations. In a
distributionally based approach in which sounds in complementary distribution are considered
variants of the same category, Mandarin s/sh should have the same status as Korean s/sh. From
this point of view, we predict that Korean and Mandarin speakers should rate s and sh as more
similar than English speakers do (Distribution Alone Hypothesis). However, if distribution alone
IS not assumed to force learners to map sounds in complementary distribution onto the same
underlying category, we predict that Mandarin speakers, just like English speakers, should rate s

and sh as more different than Korean speakers do (Distribution Plus Alternation Hypothesis).

22



The results of the experiment showed that Mandarin speakers’ ratings of s and sh differed
from those of Korean speakers, and patterned overall with those of the English speakers. These
results are consistent with the Distribution Plus Alternation Hypothesis, suggesting that the
Mandarin speakers, who have access only to distributional evidence, are less likely to treat s/sh
as members of a single category than the Korean speakers, who are exposed to evidence from
both distribution and morphological alternation. However, an unexpected effect emerged:
similarity judgments from all three language groups varied in different vowel contexts,
supporting the view that sound category membership is not simply all-or-nothing (Goldsmith

1995; Hall 2009).

The structure of this chapter is as follows. Section 2.1 provides a review of the previous
literature on similarity ratings. Section 2.2 describes the methodology of the experiment,

followed by results in section 2.3. Section 2.4 provides a summary.

2.1 Introduction

In similarity rating tasks, speakers tend to rate sounds in an allophonic relationship as
more similar than separate phonemes (Harnsberger 2001; Boomershine et al. 2008; Babel &
Johnson 2010; Johnson & Babel 2010). For example, Boomershine et al. (2008) tested native
English and Spanish speakers’ similarity judgments of [0], [d], and [r] in different vowel
contexts using an AX paradigm (e.g., [ada]-[ara], [idi]-[i0i]). [0] and [d] are contrastive
phonemes in English (e.g., they [0e1] vs. day [dei]) but are allophonic variants in Spanish, due to

a process whereby intervocalic voiced stops are spirantized following a continuant (e.g., [d]onde
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‘where’ but de [0]onde ‘from where’). In contrast, [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]) become a tap intervocalically preceding an unstressed vowel (e.g., ride
[raid], but rider [raira-]). The phonological relationships of the three sounds are shown in Table

2-1.

Table 2-1 Phonological grouping of [d], [d], and [] in English and Spanish

English [5] [d], [c]
Spanish [5], [d] [c]

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
vowel 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 of 1-5, where 1 indicated “very similar’ and 5
indicated “very different’. The results showed a clear native language effect, as shown in Figure
2-1. The x axis represents the fricative pairs, [d/c], [d/d], and [c/8]. The y axis represents the
normalized similarity rating scores (z-scores), with scores above zero indicating ‘more different’
and scores below zero indicating ‘more similar.” When the participants judged the [¢/0] pair (on
the right of Figure 2-1), two sounds that are contrastive in both English and Spanish, the rating
scores of the two language groups converged. However, for the other two pairs, the English
speakers rated [d] and [r] as most similar (left), while the Spanish speakers rated [0] and [d] as
most similar (center), patterning with the phonological relationships of the two sounds in English

and Spanish.
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Figure 2-1  Similarity rating results of [d], [d], and [] in English and Spanish
(Boomershine et al. 2008)
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Johnson & Babel (2010) tested native English and Dutch speakers’ similarity judgments
of [s] and [{] (along with other fricatives) using the same methodology as Boomershine et al.
(2008). Dutch [s] and [{] participate in morphological alternations (e.g., poes [s] ‘cat’~ poesje [{]
‘kitten’, and tas [s] ‘bag’~ tasje [{] ‘small bag’), and they also alternate in connected speech
(wa[s jle ~ wa[f]e ‘were you’ and ze[s jJanuari ~ ze[{]anuari ‘January the 6™") (Gussenhoven

1999). Though [{] exists in borrowed words (e.g., chef [{] ‘chef, boss’; sjaal [{] ‘shawl’), it is
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argued to derive from an allophonic rule that palatalizes /s/ before /j/, and thus [{] is analyzed as
a variant of /s/ before the high-front glide [j] in Dutch (Booij 1999).° English [s] and [f], though
they sometimes alternate on a phonetic level (miss [mis] ~ miss you [mifjiu]) or through limited
morphophonological alternations (oppress [opies] ~ oppression [opiefon]; press [pies] ~
pressure [piefo]), one cannot reliably predict the occurrence of s and sh from context, and there
are a large number of minimal pairs differing only in these sounds (e.g., see vs. she, and sue vs.
shoe). The fricative phonemic inventories of Dutch and English are listed in Table 2-2 with the

target sounds shaded.

Table 2-2 Voiceless fricative phonemic inventories of Dutch and English
(Babel & Johnson 2010)

Labiodental Dental Alveolar Post-alveolar Velar Glottal
Dutch f S X h

English f 0 s f h

As shown in Figure 2-2, Johnson & Babel also found a native language effect. The x axis
shows the different fricative pairs and the y axis shows the similarity rating scores from 1 to 5, 1
being very similar, and 5 being very different. The perceived difference between [s] and [f] (the

pair indicated with an arrow) for their Dutch listeners was significantly smaller (higher similarity

® The allophonic rule of palatalization also involves coronal obstruents and nasals /s, z, t, n/ before /j/ (Booij 1999).
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ratings) than the phonetic difference reported by English listeners (lower similarity ratings),

while the rating scores for other fricative pairs were similar for the two language groups.’

Figure 2-2  Similarity rating results of voiceless fricatives in Dutch and English
(Babel & Johnson 2010)

1 - similar
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5 differenk
T [ 1 I T T T T T 1 1 T T
fh fs fsh fth % hs hsh hth hx ssh sth s x shth shx thx

pair

Note that the ‘allophonic’ cases presented here (i.e., English [d/r], Spanish [d/0], Dutch

[s/f]) are the ones that are both distributionally predictable and morphologically alternating. Thus,

these prior studies do not tease apart these two factors. The experiment in this dissertation tested
cases where both distribution and alternation exist side-by-side (s/sh in Korean), and extended it
by looking at language instances where each factor occurs independently (predictable

distribution of s/sh in Mandarin and alternation of s/sh in English).

" For the explanation of other non-converging fricative pairs (i.e., [s]-[0] and [{]-[6]), see the discussion in Johnson

& Babel (2010).
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Based on the findings using similarity rating tasks, if distribution alone defines the
phonological relationship of the two sounds, we expect the Mandarin listeners’ ratings to be
similar to those of Korean listeners and different from those of English listeners (Distribution
Alone Hypothesis). If distribution and alternation are both necessary in grouping sounds as
variants of the same category, we expect the ratings of Mandarin listeners to be different from
those of Korean listeners (Distribution Plus Alternation Hypothesis). The predictions are

summarized in Table 2-3 with the predicted patterns boxed.

Table 2-3 Predictions of similarity ratings

For Mandarin and Korean speakers,

Distribution Alone Hypothesis: s and sh are single category.

Reduced perceptual distance between s and sh in

Predictions of similarity rating results: Mandarin and Korean.

Mandarin Korean English
Distribution \ \
Alternation v (V)

For Korean speakers, but not Mandarin speakers,

Distribution Plus Alternation Hypothesis: X
s and sh are single category.

Reduced perceptual distance between s and sh

Predictions of similarity results: .
only in Korean.

Mandarin Korean English
Distribution \ V
Alternation \ ()
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2.2 Methodology

The goal of this set of experiments was to compare how English, Korean, and Mandarin

listeners rate the target sounds, s and sh.

2.2.1 Participants

20 participants from three language groups were recruited for this set of experiments.
Participants in the English group (11 male, 9 female, aged 18-22), all monolingual speakers of
English, and in the Korean group (6 male, 14 female, aged 18-38), all native speakers of Korean
from South Korea, were recruited at Stony Brook University, and received course credit or
payment for their participation. To estimate possible influence from English, Korean participants,
who had all received up to a high school education in South Korea before coming to Stony
Brook, were asked to rate their English ability; the average rating was 4.65 on a 7-point scale
(see Appendix A for an example questionnaire). Participants in the Mandarin group (4 male, and
16 female, aged 20-22) were all native speakers of Taiwanese Mandarin, and were recruited at
National Chiao Tung University in Taiwan for course credit or payment. Their average self-

rating of English ability was 4.6 on a 7-point scale. None reported any hearing deficiencies.

2.2.2 Designs and materials

The materials contained the target fricatives [s, ¢, f] along with two other fricatives [f, h]
as controls, embedded in three vowel contexts [a_a], [i_i], and [u_u]. Materials consisted of two
tokens of each of the following VCV sequences: [asa][a¢a][afa][afa][aha], [isi][iei][ifi][ifi][ihi],

or [usu][ueu][ufu][ufu][uhu]. Note that the fricative [¢] does not exist in the English consonant
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inventory, [f] does not exist in Korean, and [{] does not exist in both Korean and Mandarin (c.f.,
section 1.3). Also note that some of the stimuli contained illicit sequences according to the
phonotactics of individual languages: *[si] and *[¢u] in Korean/Mandarin; *[fi] and *[hi] in
Mandarin. 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 alveo-palatal fricative [¢] and the English [{] 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. One instance of each VCV was selected as a test item so that the tokens were
approximately matched on pitch and duration. Table 2-4 shows the average pitch of the first and
second vowel of the selected stimuli (V1 mean across vowels: 115.87 Hz, standard deviation:
2.33 Hz; V2 mean across: 116.2 Hz, standard deviation: 2.01 Hz), and Table 2-5 shows the
vowel and fricative durations of the selected stimuli (total duration mean: 726.4 ms, standard
deviation: 32.28 ms). 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).
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Table 2-4 Pitch in Hz of the first and second vowel

V1 V2
aca 118 117
afa 120 118
aha 119 117
asa 114 116
afa 114 116
ici 113 115
ifi 114 114
ihi 113 114
ifi 114 114
isi 114 112
ueu 118 118
ufu 118 119
uhu 116 118
ufu 116 118
usu 117 117

The design followed closely that of Boomershine et al. (2008) and Johnson & Babel
(2010). This set of experiments is a three-factorial design with one between-subject factor
(Language), and two within-subject factors (Fricative Pair, Vowel Context), as shown in Table

2-6.
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Table 2-5 Durations in ms of the first vowel, the fricative, second vowel, and the total
duration of the stimulus

V1 Fric V2 Total
aca 225 198 330 753
afa 301 142 333 775
aha 277 128 313 717
asa 266 162 337 765
afa 232 168 294 694
igi 255 201 320 776
ifi 262 152 329 743
ihi 278 137 305 720
ifi 213 216 305 734
isi 243 182 309 734
ueu 194 213 315 722
ufu 226 169 291 685
uhu 231 152 288 671
ufu 222 227 263 712
usu 203 196 297 695

Table 2-6 Similarity rating design

Between-subject factor Language —>English, Korean, Mandarin
Fricative Pair > [s-¢], [s-f], [s-f], [s-]
[e-§1, [¢-f], [¢-h]

Within-subject factor [{-f], [f-h]
[f-h]
Vowel Context ~ —>[a_a], [i_i], [u_u]
Dependent variable Rating score - 1(similar)-5(different)

The pairing of the five fricatives, setting order aside, gives 5°= 25 possible pairs,
including 5 pairs in which both members were the same (5% 5 same pairs= 20 different pairs).
Each different pair was presented once, while the same pairs were presented twice 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)
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three times in the 3 blocks (90 x 3 blocks = 270) with an inter-stimuli interval (ISI) of 1000 ms
between A and X. Participants had a maximum of 5000 ms before the next trial started if they

did not respond to a given trial.

2.2.3 Procedure

Participants were presented with written instructions on the computer screen in their
native language saying that they 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, or in groups of up to four people in
separate booths, using a computer that was connected to a keyboard with 5 keys labeled from 1
to 5. The pairs were presented in different random orders for each participant, using E-Prime
software (v2.0; Psychological Software Tools, Pittsburgh, PA). All stimuli were presented
binaurally over headphones at a comfortable listening level. The participants completed a 9-trial
practice randomly chosen from the test trials, and had the opportunity to ask questions before

proceeding to the experiment. The experiment lasted approximately 20 minutes.

2.3 Results

We expect more different ratings between s and sh for the English and more similar
ratings between s and sh for the Korean listeners (Beckman & Pierrehumbert 2000). Of
particular interest here are the Mandarin listeners’ ratings. If distribution alone defines the
phonological relationship of the two sounds, we expect the Mandarin listeners’ ratings to be
similar to those of the Korean listeners (Distribution Alone Hypothesis). If alternation contributes
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in defining phonological relationships, we expect the ratings of the Mandarin listeners to be more

different from those of the Korean listeners (Distribution Plus Alternation Hypothesis).

The rating scores for each participant were normalized into z-scores (the difference
between the individual score and the mean divided by standard deviation) to compensate for
differences in using the 5-point scale (Boomershine et al. 2008). The standardized scores were
centered around zero, with scores above zero indicating ‘more different” and scores below zero
indicating ‘more similar.” The normalized results are shown in Table 2-7, and illustrated in
Figure 2-3.% The x axis represents the different fricative pairs and the y axis represents the

normalized z-scores.

Table 2-7 Similarity rating normalized results

Pair
M\ f-s f-¢ f-§ f-h s§ s-¢ s-h ¢-h ¢ef f-h

Mandarin 074 082 079 037 044 051 073 074 -022 0.76
English 072 081 083 044 043 018 0.72 0.77 -0.60 0.83
Korean 081 09 09 035 014 004 089 087 -0.58 0.90

From Figure 2-3, we can see that except for the target pairs indicated by the arrows,
ratings from the three language groups were very similar. The differences lie in the target pairs
[s-f1, [s-¢], and [¢-f]. I will discuss the effect of language in section 2.3.1, the effect of vowel

context in section 2.3.2, and the overall results in section 2.3.3.

& The assumption of normality was met with the z-score transformed results. See Appendix E.1.
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Figure 2-3  Similarity rating normalized results
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2.3.1 Effect of language

A repeated-measures analysis of variance (ANOVA) (Language [Mandarin, English,
Korean] x Fricative Pair [s, ¢, {, f, h]) was performed to interpret the results. The analysis
showed that there was a main effect of Language (F(2,57)=7.962, p=.001), and of Fricative Pair
(F(9,513)=273,419, p<.001). In other words, the ratings differed for different language groups,
as well as for different fricative pairs. Most importantly, there was a significant Fricative Pair by
Language interaction (F(18,513)=8.647, p<.001), meaning that the ratings for pairs of fricatives
were statistically different depending on the native language of the participants. The statistical

results are summarized in Table 2-8 (*: p<.05; **: p<.01; ***: p<.001).

Table 2-8 Summary of similarity rating results

**Language
***Ericative Pair
***|_anguage x Fricative Pair
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Of interest here are the ratings of the target pairs, [s-f], [s-¢], and [¢-f], as shown in
Figure 2-4. The x axis represents the three target fricative pairs and y axis represents the

normalized z-scores.

Figure 2-4  S/sh similarity rating results
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The [s-f] and [s-¢] pairs (the two s-sh 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). Post-hoc tests showed that
the significance came from Mandarin vs. Korean, and English vs. Korean (both p<.01).° The
ratings from Mandarin vs. English were not significantly different (p=.991). That is, the
Mandarin and English groups patterned the same for the [s-{] pair, while the Korean group rated

these sounds as significantly more similar than the other two groups.

° Tukey procedure was used throughout the dissertation for post-hoc tests to control the family-wise error rate over
the entire set of pairwise comparisons.
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The factor Language yielded a significant effect in the [s-¢] pair as well (F(2,57)=17.510,
p<.001). The significance came from Mandarin vs. English and Mandarin vs. Korean from post-
hoc tests (both p<.001). The standardized rating scores by the English group were higher than
those by the Korean group (meaning [s] and [¢] were more different for English listeners than
Korean listeners), though 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., [i_i] context; see discussion in sections 2.3.2 and 2.3.3).

As for the ratings for the [¢-{] pair, two kinds of sh ([¢] in Korean and Mandarin, [f] in
English), we can see from Figure 2-4 that listeners from all three languages rated them as very
similar (all below 0), though Mandarin listeners’ ratings were higher overall (i.e., more
different). Subsequent analyses showed that the factor Language was significant in the [¢-f] pair
(F(2,57)=15,859, p<.001). Post-hoc tests showed that the significance came from the Mandarin
vs. English groups and the Mandarin vs. Korean groups (both p<.001). There was no significant
difference between the English vs. Korean groups (p=.967). A possible explanation for why the
Mandarin speakers rated the [¢-f] pair as less similar than the other two groups will be provided

in the next section (2.3.2).

The statistical results for the target fricative pairs are summarized in Table 2-9.
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Table 2-9 Summary of similarity ratings on s/sh pairs

**Mandarin & Korean
***Simple effect of Language in [s-{] **English & Korean
Mandarin & English (p=.991)
***Mandarin & English
***Simple effect of Language in [s-¢] ***Mandarin & Korean
English & Korean (p=.214)
***Mandarin & English
***Simple effect of Language in [¢-f] ***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. The [¢-{] pair was rated

as more similar by the English and Korean groups than by the Mandarin group.

2.3.2 Effect of vowel context

Another repeated-measures ANOVA including Vowel Context as a variable (Language:
Mandarin, English, Korean x Pair: [s, ¢, {, f, h] x Vowel Context [a_a], [i_i], [u_u]) yielded

some unexpected results, as shown in Table 2-10 and Figure 2-5.

Table 2-10  Similarity rating standardized results by Vowel Context

Languagepa'r fs fe ff fh sf s¢ sh eh ¢f fh
aa 8 99 83 73 39 76 90 98 4L .90

Mandarin ii .64 58 57 36 11 -0l 49 32 -4l .40
Gu 79 9 98 03 81 79 .82 .92 -65 .98
aa 8 8 .89 83 37 .23 84 98 -40 .93

English ii 56 .54 52 55 21 -29 46 33  -74 .45
Gu 71 101 110 -07 69 61 .85 101 -65 110
aa 95 104 10l 80 13 .16 103 106 -53 110

Korean i1 .68 12 .70 45 -05 -34 71 .64 -46 .56
uu .78 .93 1.00 -20 .32 31 .95 .93 -74 1.03
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The x axis in Figure 2-5 represents the different fricative pairs and the y axis represents

the normalized z-scores. From Figure 2-5 ((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).

Figure 2-5  Similarity rating standardized results by Vowel Context
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Of interest here are the ratings of the target pairs, [s-f], [s-¢], and [¢-f], as shown in
Figure 2-6 ((a): [u_u]; (b): [i_i]; (c): [a_a]).

Figure 2-6  S/sh similarity rating results by Vowel Context
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For the Korean group, a trend toward rating all the target pairs as more similar than the
other two groups was observed, except for the [¢-{] pair. Subsequent analyses showed that in the
[u_u] context (Figure 2-6 (a)), 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), and post-hoc
tests showed that the significance came from the difference of the Mandarin vs. Korean groups
(p<.001), and of the English vs. Korean groups (p<.01). No difference was found between the
Mandarin vs. English groups (p=.459). A significant Language effect was found in the [s-¢] pair
as well (F(2,60)=17.510, p<.001). The significance came from the difference of the Mandarin vs.

Korean groups (p<.01), and of the English vs. Korean groups (p<.05). No effect was found for
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the [¢-{] pair (F(2,60)=.619, p=.542). The results for the [u_u] context showed that the Mandarin
and English listeners treated [s] and [f/¢] as more different from each other than did Korean

listeners.

In the [i_i] context (Figure 2-6 (b)), the Korean listeners again rated the target pairs as
more similar than the other two groups, except for the [¢-f] pair: the English listeners showed the
most similar ratings for the [¢-{] pair. No statistical difference was found for the [s-{] 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), and the
significance came from the difference of the Mandarin vs. English groups, and of the Mandarin
vs. Korean groups (both p<.05); the ratings of the English vs. Korean groups were not
statistically different (p=.896). There was also a significant Language effect for the [¢-f] pair
(F(2,60)=5.810, p<.01), though the z-scores from all three language groups were below O,
indicating that the two sounds were very similar to all the listeners. The significance came from
the difference of the Mandarin vs. English groups (p<.01), and of the Korean vs. English groups

(p<.05). There was no difference between the Mandarin vs. Korean groups (p=.898).

In the [a_a] context (Figure 2-6 (c)), the [s-¢] pair was rated as more different by the
Mandarin listeners than by the other two groups, and a trend towards higher difference ratings
from the English speakers than from the Korean speakers was present. Subsequent analyses
showed that the factor Language, though not significant in the [s-f] pair (F(2,57)=2.483, p=.093),
was significant in the [s-¢] (F(2,57)=18.642, p<.001), and [¢-{] pairs (F(2,57)=5.187, p<.001).
Both of the significant effects came from the difference of the Mandarin vs. Korean groups, and

41



of the Mandarin vs. English groups (all p<.001). No significant difference was found for the

English vs. Korean groups ([s-¢]: p=.752; [¢-f]: p=.599).

Note that in the [a_a] context, the Mandarin speakers rated the [¢-{] pair as more different
than the other two groups. A possible explanation for this is that Mandarin speakers usually
perceive and adopt the rounding of the nonexistent alveo-palatal fricative [{] (see section 1.3) to
their native language as a front-rounded vowel [y] or glide [y] (e.g., Josh S[te"jawey]; Michelle
- [mieyei]). The more different ratings might be due to the fact that they perceived the
rounding on [f] as the front-rounded glide [y]. In other words, the Mandarin listeners might have
been comparing the similarity of [aea] and [aeya], and as a consequence, they rated the fricative
pair as more different than did the English and Korean listeners. The lower similarity ratings
from the Korean and Mandarin groups on the [¢-{] pair than the English group in the [i_i] context
could be explained the same way. Korean speakers, like Mandarin speakers, usually perceive and
adopt the rounding of the nonexistent [{] to their native language as a labial glide ["] (e.g., she
>[e"i]; Schick > [¢"ik"i]) (Suh 2009a). In other words, the Korean listeners might have been
comparing the similarity of [iei] and [i¢"i], and thus rating the fricative pair as more different
than did the English listeners. 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
nonexistent [{] is perceived as [¢] (c.f., (c) and (d) in Table 1-4). Thus Korean listeners rated the
[¢-f] pair as very similar. This explanation also accounts for the fact that we only found the

difference in non-rounding contexts, [i_i] and [a_a] (in both [i_i] and [a_a] contexts for the
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Mandarin group, and in the [i_i] context for the Korean group), but not [u_u]. The statistical

results are summarized in Table 2-11.

Table 2-11 ~ Summary of similarity rating results by Vowel Context

***Mandarin & Korean

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

Mandarin & English (p=.542)

Simple effect of Language in [¢-f] (p=.542)
Simple effect of Language in [s-{] (p=.06)

*Mandarin & English

o *Simple effect of Language in [s-¢] *Mandarin & Korean
[i_i] English & Korean (p=.896)
**Mandarin & English
**Simple effect of Language in [¢-f] *Korean & English

Mandarin & Korean (p=.898)

Simple effect of Language in [s-{] (p=.093)

***Mandarin & Korean
[a_a] ***Simple effect of Language in [s-¢] ***Mandarin & English
- English & Korean (p=.752)
***Mandarin & Korean
***Simple effect of Language in [¢-f] ***Mandarin & English
English & Korean (p=.599)

2.3.3 General discussion

We expected that English listeners would judge s and sh (both the [s-¢] and [s-f] pairs) as
more different than Korean listeners, based on the different phonological relationships of the
sound pairs in these two languages: in English, though participate in limited alternation, s/sh may
signal differences in meaning and the choice of one vs. the other is not predictable from the
environment, but in Korean, the occurrence of s vs. sh is predictable based on distribution, and

the two sounds participate in regular and productive morphological alternations. The overall
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results suggest that, as noted in Johnson & Babel (2010), the phonological relationship affects
the perceived phonetic similarity of two sounds. We found that the Korean listeners rated s and
sh (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 this direction for the [a_a]
and [i_i] contexts. The similar judgments of the [¢-f] pair for the English group echo the findings
in Lisker (2001) and McGuire (2007) that English listeners in general categorize the nonexistent

sound in their native language, [¢], as /f/.

Along the same lines, we should expect to see the English listener’s judgments on the [s-
¢] and [s-f] pairs to be similar, since [¢] and [{] are perceived as the same category (/{/) (Lisker
2001; McGuire 2007). The prediction holds for the [a_a] and [u_u] contexts: 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, the prediction does not hold
for the [i_i] context (F(1,19)=35.374, p<.001): English listeners’ judgments on the [s-¢] pair
were significantly different from those on the [s-{] pair. Kathleen Hall (personal communication)
suggests that this pattern, whereby 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-occurring sound [¢] in their native language, might have perceptually
assimilated it to the category /{/ in the [u_u] and [a_a] contexts (c.f., Lisker (2001) and McGuire
(2007)), but treated [¢] as a positional variant of [s] in pre-palatal position, the [i_i] context (p.c.

Kathleen Hall). This could be a possible explanation of why English and Korean groups appear
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to pattern together for the [s-¢] pair since the more similar ratings of this pair was driven by the

[i_i] context.

The results from the English and Korean groups have suggested that the similarity rating
task, along with the previous studies employing the same task, did reflect the phonological
relationships of sounds in their native language: English listeners judged s/sh as more different
than did Korean listeners. We can now turn to the Mandarin results. If distributional
predictability in the absence of morphological alternation is not sufficient to group two sounds as
variants of the same phoneme, then we should expect to see the Mandarin listeners’ ratings of
s/sh to be more different than those of the Korean speakers (Distribution Plus Alternation
Hypothesis). If distributional predictability alone is sufficient to group two sounds as variants of
the same phoneme, then we should expect to see the Mandarin speakers’ ratings to be

comparable to those of the Korean speakers (Distribution Alone Hypothesis).

We found that the Mandarin listeners rated s and sh (both [s-¢] and [s-f]) 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 (the two fricatives that are in complementary distribution, as in Korean, but
do not alternate) as significantly more different than did the speakers of Korean, in which the
two fricatives do alternate. This suggests that Mandarin listeners, who are exposed to only
distributional evidence, are less likely to group s and sh as variants of the same category than

Korean listeners, who are exposed to both distributional evidence and morphological alternation.
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One might suspect that the results could be explained not on the basis of phonological
relationships but rather to different levels of English proficiency: perhaps the Mandarin speakers
had established a sh category as a result of greater exposure to English. However, the Korean
group had a slightly higher rating of their English ability (4.65/7.00) than the Mandarin group
(4.6/7.00), and 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 s and sh in the Korean group than in the

Mandarin group.

Of interest here are the by-vowel context results, as shown in Figure 2-7 ((a): English; (b):
Korean; (c): Mandarin). The scores above zero means “more different” and the scores below

Zero means “more similar”.

Figure 2-7  Similarity rating results by Vowel Context paneled by Language
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Error bars: 95% CI
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The similarity judgments from the listeners of the same language group varied to
different extents depending on the vowel contexts in different fricative pairs. Most importantly,
though the Mandarin speakers’ similarity judgments patterned overall with those of the English
speakers—the English and Mandarin speakers rated s and sh as more different than did the
Korean speakers—we found that the similarity judgments of the listeners on the s-sh pairs from

all three languages varied according to the vowel contexts.

In the [i_i] context, the perceived perceptual similarity of the s-sh pairs ([s-¢] and [s-{])
increased for the speakers of all three languages. It is not surprising that this context caused
increased similarity for the Korean (Figure 2-7 (b)) and Mandarin listeners (Figure 2-7 (c)) since
preceding the vowel i is the context where palatalization occurs in their native language. The
increased similarity judgments from the Korean and Mandarin groups, though significantly more
similar from the Korean group than from the Mandarin group (see section 2.3.2), suggest that
both distribution and alternation are relevant. The increased similarity 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 in
deciding sound membership, we should have seen a reduced phonetic distance between s and sh
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 being
significantly less from the Mandarin group than from the Korean group in the [i_i] context, as
well as in the other contexts, suggests an effect of alternation. That is, if distribution were the

only factor in grouping sounds as members of the same category, we should have seen a similar
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degree of reduced phonetic distance between s and sh in the [i_i] context and in the other vowel

contexts in the two language groups, since alternation would have been irrelevant.

Interestingly, the [i_i] context also caused increased perceptual similarity for the English
listeners whose native language contrasts s and sh (Figure 2-7 (a)). In other words, we did not
see the same degree of different ratings from the three vowel contexts even in a language in
which the two sounds are contrastive in all these contexts and signal lexical differences (e.g., see
vs. she, sue vs. shoe, sock vs. shock). Instead, 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 is that in the pre-palatal context (before the high-front vowel [i]), the place of articulation of
the dental s is made more palatal, and thus the phonetic distance between s and the palatal sh is
reduced. In other words, even in a language such as English, in which s and sh are contrastive in
pre-palatal context, the phonetic distance between s and sh is still reduced. Another explanation
for the increased perceptual similarity in English is that s, in connected speech, alternates with sh
in pre-palatal contexts (e.g., miss [mis] ~ miss you [mifju]; c.f., discussion in section 1.3.1). The
phonetic distance between s and sh might be reduced because of the alternation in the [i_i]
context. In other words, the reduced perceptual distance could be due to the effect of phonetic

alternation.

One might wonder whether the increased perceptual similarity in the [i_i] context from
the English group was due to the morphological alternations discussed in section 1.3.1. This
possibility is unlikely since the morphological alternations between s and sh are limited to certain

suffixes that do not necessarily provide the pre-palatal context. In other words, these alternations
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are morphologically conditioned, and not necessarily depending 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.

In the case of Mandarin, the lack of morphological alternation of the two sounds seems to
be taking precedence over the predictability of the phonological environments (indicated by the
overall more different ratings of s/sh from the Mandarin group than from the Korean group).
This is interesting given that alternation does not seem to account for the English results in the
same experiment (indicated by the overall more different ratings from the English group than
from the Korean group). The limited morphological alternation discussed above might be the
reason why the unpredictability of the two sounds from the phonological environments seems to
be taking precedence in the English case. For discussion of possible future research that might

tease apart the weighting of different factors in sound memberships, see section 5.4.

To summarize the results so far, 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 (s/sh 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 (s/sh in Korean),
supporting the Distribution Plus Alternation Hypothesis. We also found that the similarity
ratings of the pre-palatal context ([i_i]) were significantly lower for the Korean group than for
the Mandarin group, suggesting that distribution reinforced by alternation produced a stronger

motivation for learners to group sounds to the same category than distribution alone.
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Furthermore, we found that similarity judgments varied depending on the vowel contexts for
listeners of all three languages. The varying similarity judgments according to the vowel contexts
in all three language groups cannot be explained by a categorical view of phonological
relationships. From the point of view of categorical phonological relationships, two sounds are
either variants of the same category or surface forms of separate categories. For example, we
would expect English speakers to judge the similarity of s and sh the same in all vowel contexts
in which the two sounds may contrast. The same should be true for Korean, where the choice of s
vs. sh is predictable from the environment. The fact that we saw varying judgments according to
vowel context (c.f., Figure 2-6 and Figure 2-7) suggests that the judgment of two sounds as

members of the same or separate categories is not an all-or-nothing judgment/mapping.

2.4 Summary

The set of experiments in this chapter investigated how listeners of English, Korean and
Mandarin rated the similarity of s and sh, two sounds that participate in different phonological
relationships in these 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 s and sh are in complementary distribution and participate in
productive morphological alternations, rated these sounds as more similar than did the English
listeners, in whose language s and sh are not predictable from the phonological environment. The
similarity judgments of the Mandarin group, in which s and sh show distributional predictability

but do not participate in morphological alternations, resembled those of the English group rather
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than the Korean group. Consequently, the results support the hypothesis that alternation
reinforces the mapping of two sounds to the same category, giving a stronger effect than
distribution alone is (Distribution Plus Alternation Hypothesis). However, we also found that the
similarity judgments from the listeners of all three languages varied depending on the vowel
contexts. The results suggest that both distribution and alternation contribute to the determination
of sound category memberships, and that the judgment of two sounds as members of the same or
separate categories is not necessarily absolute. The next chapter presents the results of another
probe, discrimination on a continuum, to investigate the behavior of English, Korean, and

Mandarin speakers with respect to the s/sh sound difference.
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Chapter 3 Discrimination on a Continuum

This chapter presents the results of a discrimination experiment designed to investigate
how English, Korean, and Mandarin speakers perceive pairs of sounds on the s-sh continuum.
The prediction of the distributionally based definition of phonological relationships is that
phonetically similar sounds in complementary distribution are variants of the same category, and
that Mandarin s/sh, like Korean s/sh, should be analyzed as variants of the same category
(Distribution Alone Hypothesis). However, if distribution alone is not assumed to force learners
to map sounds in complementary distribution onto the same underlying category, Mandarin s/sh
should be analyzed as separate categories (Distribution Plus Alternation Hypothesis). The results
from the first study (Chapter 2), in which English and Mandarin speakers patterned together in
contrast to Korean speakers, gave support to the Distribution Plus Alternation Hypothesis. In this
study, I will show that the accuracy results did not yield a difference in the ability to discriminate
the two sounds according to language background, contradicting the results of the first study.
Furthermore, the response time results showed that the English speakers patterned with the
Korean speakers in that, overall they took less time than did the Mandarin speakers in their
discrimination of s/sh. Possible explanations for the discrepancy between the results of the

similarity rating and discrimination experiments will be discussed.
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The structure of this chapter is as follows. Section 3.1 gives a brief review of the previous
literature of discrimination on a continuum. Section 3.2 presents the methodology of the
experiment and section 3.3 gives the results, followed by a discussion in section 3.4. Section 3.5

IS a summary.

3.1 Introduction

Studies of identification and discrimination of sounds varying by equal intervals on a
continuum have revealed that speakers can more easily discriminate and identify two sounds that
fall across a phoneme boundary of their native language than two sounds within a phoneme
category (categorical perception; e.g., Lisker & Abramson 1970; Lasky et al. 1975; MacKain et
al. 1981; Best et al. 1988; Werker & Lalonde 1988; Kuhl 1991, Lisker 2001; Kazanina et al.
2006). Lisker & Abramson (1970) asked Thai, English, and Spanish speakers to identify stimuli
from continua manipulating voice onset time (VOT) for three different places of articulation
(labial [b]-[p", apical [d]-[t"], and velar [g]-[K"]), using their native language orthography. Thai
has a three-way laryngeal contrast in stops (voiced, unaspirated voiceless, aspirated; /baa/ “crazy’,
Ipaa/ ‘aunt’, vs. /p"aa/ ‘cloth’) while both English and Spanish have a two-way laryngeal
contrast (English: bat vs. pat; Spanish: pata ‘leg’ vs. bata ‘bath robe’). Figure 3-1, Figure 3-2,
and Figure 3-3 provide the labial voicing continuum results from Lisker & Abramson’s Thali,
English, and Spanish listeners, respectively, as examples. The x axis represents voice onset time

in milliseconds and the y axis represents the percent of responses identifying a particular
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stimulus as member of the relevant category. The bars show frequency distributions of VOT

values measured in real speech.

Figure 3-1  Thai listeners’ identification on [ba]-[p"a] continuum
(Lisker & Abramson 1970: 14): 0 = the release of the constriction
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On the [b]-[p"] continuum, in which VOT ranged from -150 ms to 150 ms, the results
from the Thai listeners showed two places where responses changed abruptly, -20 ms VOT and
40 ms VOT. The /b/ responses dropped down around -20 ms VOT, and /p/ responses increased.
After 40 ms VOT, /p/ responses dropped down and /p"/ responses started to increase. In other
words, the identification results on the VOT continuum from the Thai listeners showed evidence
of two category boundaries, consistent with the Thai three-way contrast of stops (voiced,

unaspirated voiceless, aspirated).

When English speakers and Spanish speakers were presented with the same continuum,
however, the results showed evidence for only two categories, as shown in Figure 3-2 and Figure

3-3 respectively, consistent with the English and Spanish two-way contrast of stops. Spanish
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speakers identified sounds with negative VOT values as /b/, and /p/ responses increased after 0

ms VOT, while the cut-off point for English speakers was around 10-20 ms.

Figure 3-2  English listeners’ identification on [ba]-[p"a] continuum
(Lisker & Abramson 1970: 13)
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Figure 3-3  Spanish listeners’ identification on [ba]-[pha] continuum
(Lisker & Abramson 1970: 12)
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Categorical perception corresponding to phoneme boundaries is also reflected in the
accuracy of discrimination by different language groups. For example, Werker & Lalonde (1988)

synthesized an 8-step continuum from [ba] to [da] manipulating place of articulation (voiced
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labial stop to voiced retroflex), and played sound pairs two steps apart on the continuum in an
ABX paradigm to Hindi speakers and English speakers. Hindi contrasts stops at three places of
articulation—Iabial, alveolar, and retroflex—while English contrasts only two within this
range—Ilabial and alveolar. Hindi speakers’ discrimination on the continuum from [ba] to [da]
(represented by square markers), as in Figure 3-4 (redrawn from Table 1 in Werker & Lalonde
1988), showed two peaks of accuracy. The two peaks, indicated by the solid arrows, matched the
Hindi three-way contrast in place of articulation (labial, alveolar, retroflex). English speakers’
discrimination on the same continuum (represented by diamond markers), however, only showed
one accuracy peak, indicated by the dotted arrow, matching the English two-way contrast in

place of articulation (labial, alveolar) on the continuum (Werker & Lalonde 1988).

Figure 3-4  Discrimination on an eight-step continuum from [ba] to [¢a]
(Werker & Lalonde 1988: 677)
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Along the same lines, in Beckman & Pierrehumbert’s (2000) perceptual experiment in
identifying naturally produced Korean syllables [¢i], [¢’1], [si] and [s’i] described in section 1.2,

English listeners showed categorical perception of s and sh, corresponding to the phonemic
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status of s/sh in English, while Korean listeners showed only chance level perception in
identifying the two sounds, corresponding to the non-contrastive status of s/sh in their native

language.

The goal of the current experiment was to determine whether speakers whose native
language offers different types of evidence for the relationship between s and sh exhibit

differences in the categorization of sounds along a s-sh continuum.

3.2 Methodology

An eight-step synthesized continuum from s to sh was presented to native speakers of
Mandarin, English, and Korean. Another eight-step continuum from f to s was synthesized as a
control. The two sounds f and s signal lexical differences in English and Mandarin (e.g., minimal
pair fee vs. see in English, and [sa] “spill’ vs. [fa] “hair’ in Mandarin). Though f does not exist in
the Korean consonant inventory (c.f., Table 1-3), it is often categorized as /p"/ (Kim 2009: 170).
Therefore, if the Korean speakers categorized [f] as [p"] on the control f-s continuum, we expect
a categorical judgment from speakers of all three languages, since /p"/ and /s/ contrast in Korean
(e.g., /p"al/ “arm’ vs. /sal/ “flesh’, and /p"ul/ ‘grass’ vs. /sul/ ‘liquor’) and /f/ and /s/ contrast in the

other two languages.

In this experiment, instead of using full syllables as stimuli, as in most previous
discrimination studies, only the frication portion was used. The reason for this decision was that
since s and sh occur in distinct phonological environments in Korean and Mandarin, it is

impossible to put the fricatives in the same vowel context. Furthermore, | tested only
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discrimination, not identification. The reason for this was that, in Korean, these two sounds are
represented with the same orthographic symbol * ~’. Thus, there is no way to represent the s-sh

distinction in Korean. | will discuss the possible role of orthography in Chapter 5.

3.2.1 Participants

20 participants from each language group were recruited for this set of experiments.
Participants in the English group (11 male, 9 female, aged 18-22), all monolingual speakers of
English, were recruited at Stony Brook University, and received course credit for their
participation. Although 22 English participants were originally recruited for this experiment, two
participants were excluded due to their high no-response rate (1 female, 41% and 1 male, 46%;
the no-response rate of the included participants was 1.3% in the English group). Participants in
the Korean groups (6 male, 14 female, aged 18-38), all native speakers of Korean from South
Korea, were recruited at Stony Brook University, and received payment for their participation.
To estimate possible influence from English, participants were asked to rate their English ability;
the average rating was 4.65 on a 7-point scale. They all received up to a high school education in
South Korea before coming to Stony Brook University for undergraduate or graduate education.
Participants in the Mandarin group (1 male, 19 female, aged 20-22) were all native speakers of
Taiwanese Mandarin, and were recruited at National Chiao Tung University in Taiwan for
course credit or payment. Their average self-rating of English ability was 4.4 on a 7-point scale.

None reported any hearing deficiencies.
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3.2.2 Design and materials

In order to present the same stimuli to all three language groups, the same endpoint
stimuli, [s] and [¢], were used. Although English [{] differs acoustically from Mandarin [¢]
(Ladefoged & Maddieson 1996; Li 2008), English speakers generally categorize [¢] as /{/ (c.f.
the results from similarity ratings in Chapter 2; Lisker 2001; McGuire 2007). The endpoints [s]
and [¢] were spliced from [si] and [¢i] syllables spoken by a trained female phonetician whose
native language is Mandarin, using Praat software package (Boersma 2001). The Mandarin
speaker was chosen to record the stimuli because she was able to produce the syllables [¢i]

natively and [si] from extensive English exposure and professional training.

The endpoints were synthesized proportionally to create an eight-step continuum using

Audacity (http://audacity.sourceforge.net/), following the methodology of Suh (2009a).*° Step 1

was 100% [s], step 2 was 85.7% [s] and 14.3% [¢], and additional steps were synthesized as in

Table 3-1.

% The continuum was not produced by manipulating a certain acoustic dimension of fricatives. Rather, the
continuum was produced by using different proportions of the end points [s] and [¢] by overlapping different
numbers of [s] sound track and [¢] sound track. Step 1 was created by overlap 7 tracks of the endpoint [s], and step 2
was created by overlapping 1 track of endpoint [¢] with 6 tracks of endpoint [s], etc.
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Table 3-1 Eight-step continuum from [s] to [¢]

Stimuli

100% of [s]

85.7% of [s] and 14.3% of [¢]
71.4% of [s] and 28.6% of [¢]
57% of [s] and 43% of [¢]
42.7% of [s] and 57.3% [¢]
28.6% of [s] and 71.4% [¢]
14.3% [s] and 85.7% of [¢]
100% of [¢]

[92]

—t+

D
E®)
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The length of each stimulus was 270ms, a rough average of all the endpoint stimuli. The
intensity of the stimuli was scaled to 56 dB, the averaged intensity of the endpoints, using Praat

software. The f-s continuum was synthesized in the same way.

Six pairs consisting of sounds two steps apart were presented in an ABX design (6 pairs x
4 orders, ABB, ABA, BAA, BAB = 24) for each continuum (24 x 2 continua = 48) with an ISI of
500 ms. Order was randomized for each participant using E-Prime software (v2.0; Psychological
Software Tools, Pittsburgh, PA). Listeners heard each of the ABX trials (48 trials) twice in each

of the 2 blocks (48 x 2 repetitions x 2 blocks = 192).

The experiment was a two-factorial design, as in Table 3-2. Participants compared and

discriminated six pairs of sounds two steps apart.
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Table 3-2 Discrimination task design

Between-subject factor Language Mandarin, English, Korean
§-mmmmmmmmmmmeme e e e e ee e eeeeeeen sh
o . Pairs steps 1-3, 2-4, 3-5, 4-6, 5-7, 6-8
Within-subject factor (every two-step apart pairing) ~ f--------mmmmmmmem o S

steps 1-3, 2-4, 3-5, 4-6, 5-7, 6-8

Accuracy

Dependent variable Response times

3.2.3 Procedures

The participants took part in the experiments individually or in groups of up to four in
separate booths, using a computer connected to a keyboard with two keys labeled ‘1’ and “2’.*
Participants were presented with written instructions on the computer screen in their native
language saying that they would hear three sounds per trial, and they should indicate whether the
third sound was the same as the first sound or the second sound by pressing the keys (‘1’ or ‘2°)
on the keyboard. No feedback was given. There were two blocks for the experiment with a break
between the blocks. Participants had 4000 ms to respond before the next trial started if they did
not respond to a given trial. All stimuli were presented binaurally over headphones at a
comfortable listening level. The participants completed a 10-trial practice randomly chosen from
the test trials, and had the opportunity to ask questions before proceeding to the experiment. The

experiment lasted approximately 10 minutes.

1 The labels ‘1’ and “2” were put on the keys ‘d’ and ‘I’ on a keyboard because of their relative central position on
the keyboard.
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3.3 Results

Listeners from all three language groups were expected to show evidence of a category
boundary for the f-s continuum, because f and s contrast in English and Mandarin. Although f
does not exist in Korean, it is perceived and categorized as /p"/ by Korean speakers (Kim 2009:
170). If listeners show evidence of a category boundary only for the f-s continuum, and not for
the s-sh continuum, it suggests that s and sh are perceived as variants of the same category. If
their results show evidence of a boundary for both continua, this suggests that s and sh, just like s
and f, are perceived as separate categories. In other words, if listeners show similar
discrimination patterns for the s-sh and the f-s continua, then s and sh should be considered
different categories. Most importantly, if a category boundary is present in the Mandarin as well
as in the English listeners’ discrimination on the s-sh continuum, but not in the discrimination of
the Korean listeners, this suggests that alternation plays a crucial role in defining phonological
relationships, because although the distributional patterns of these two sounds are similar in
Mandarin and Korean, the two sounds alternate in Korean but do not in Mandarin. The

predictions are summarized in Table 3-3 (v = categorical boundary).
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Table 3-3 Predictions of discrimination on a continuum

Distribution Alone Hypothesis: For Mandarin and Korean speakers,
s and sh are single category.

Predictions for discrimination results:

f-s continuum  s-sh continuum

English N N
Korean v
Mandarin \

Distribution Plus Alternation Hypothesis:  For Korean speakers, but not Mandarin speakers,
s and sh are single category.

Predictions for discrimination results:

f-s continuum  s-sh continuum

English N N
Korean v
Mandarin \ v

The accuracy results for the three language groups on the two continua are shown in
Table 3-4 and Table 3-5, with standard deviations in parentheses, and represented in graphs in

Figure 3-5 and Figure 3-6, respectively.

Table 3-4 Discrimination accuracy results on f-s continuum

m 1-3 2-4 35 4-6 57 6-8
Languag

Mandarin 0.70 (0.14) 0.83(0.12) 0.82(0.14) 0.68(0.18) 0.56(0.14) 0.47 (0.13)

English 0.77 (0.14) 0.79(0.16) 0.81(0.12) 0.69(0.14) 0.51(.11) 0.44(0.11)
Korean 0.65(0.12) 0.85(0.14) 0.81(0.17) 0.64(0.149) 0.50(.11) 0.48(0.07)
Table 3-5 Discrimination accuracy results on s-sh continuum

m 1-3 2-4 3-5 4-6 5-7 6-8
Languag

Mandarin 0.55(.15) 0.75(0.16) 0.78(0.17) 0.68 (0.16) 0.58 (0.13)  0.55 (0.14)
English 0.57 (0.11) 0.76 (0.11) 0.84(0.09) 0.71(0.13) 0.60 (0.1) 0.51 (0.12)
Korean 0.59 (0.09) 0.73(0.11) 0.83(0.14) 0.75(0.11) 0.62(0.12) 0.49 (0.13)
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Figure 3-5  Discrimination accuracy results on f-s continuum
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Figure 3-6  Discrimination accuracy results on s-sh continuum

1.0 l

0.9 :

0.8 I
-,
2 07
= —e—NMandarin
S 06 Enslish
“ glis

0.5 I ——Korean

04

03

1-3 2-4 3-5 4-6 5-7 6-8
s-sh continuum Errorbars: 93% CI

In the figures, the x axis represents fricative pairs two steps apart on the continuum, and

the y axis represents the percent of accurate responses. The Mandarin group is represented with
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diamond markers, English with square markers, and Korean with triangle markers.'? As we can
see from Figure 3-5 and Figure 3-6, all three groups showed evidence of a boundary on both
continua (indicated by the arrows), located somewhere between steps 2-5 on the f-s continuum,

and between steps 2-6 on the s-sh continuum.

A repeated-measures ANOVA (Language [Mandarin, English, Korean] x Pair [1-3, 2-4,
3-5, 4-6, 5-7, 6-8]) was performed to interpret the results for the f-s continuum. There was a main
effect of Pair (F(5,285)=87.381, p<.001), but not of Language (F(2,57)=.344, p=.710). The
results are indicative of the difference in accuracy across sound pairs, but not across the language
groups. The interaction of Language and Pair was also not significant (F(10,285)=1.583,
p=.111). In other words, the accuracy for a given pair was not statistically different depending on

the native language of the participants.

Repeated-measures ANOVA on the s-sh continuum showed very similar results. There
was a main effect of Pair (F(5,285)=53.689, p<.001), but not of Language (F(2,57)=.553,
p=.578). The results again are indicative of a difference in accuracy across the sound pairs, but
not across the language groups. The interaction of Language and Pair was not significant

(F(10,285)=1.037, p=.412). In other words, the accuracy of a given pair was not statistically

12 The assumption of normality was met with accuracy results. See Appendix E.2.
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different depending on the language group of the participants. A summary of the statistical

results is given in Table 3-6 (*: p<.05; **: p<.01; ***: p<.001).

Table 3-6 Summary of discrimination accuracy results

f-s continuum s-sh continuum
Language Language
***Pair ***Pair
Language x Pair Language x Pair

To summarize, the accuracy results did not show a difference in the ability to
discriminate s and sh according to language background. Instead, all three language groups
showed better discriminability at one point on the s-sh continuum, parallel to discriminability
along the f-s continuum on which the two sounds are considered to be separate categories in their

native language.

3.4 Discussion

Going back to the predictions, repeated here in Table 3-7, we predicted that if listeners
analyzed s and sh (like f and s) as different categories, then they should show similar
discrimination patterns for the s-sh and the f-s continua. Most importantly, if a category
boundary is present in the English listeners’ discrimination as well as in the Mandarin listener’s
discrimination on the s-sh continuum, but not in the discrimination of the Korean listeners, this
suggests that distributional criterion alone is not sufficient to lead learners to group sounds as

variants of the same category.
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Table 3-7 Predictions and actual results of discrimination on a continuum
(V=categorical boundary)

Distribution Alone Hypothesis:

f-s continuum  s-sh continuum

English N N
Korean v
Mandarin \

Distribution Plus Alternation Hypothesis:

f-s continuum  s-sh continuum

English N N
Korean \
Mandarin v v

Actual results:

f-s continuum  s-sh continuum

English N N
Korean \ \
Mandarin \ v

The perception on the f-s continuum for all the three languages was as expected, as these
two sounds are distinctive for all the listeners. The results of the s-sh continuum, however, did
not reveal a language effect. This finding is surprising given the findings of previous research
(Beckman & Pierrehumbert 2000) in which English participants, in an identification task,
showed categorical perception of s and sh while Korean participants showed only chance level
perception, corresponding to the non-phonemic status of s and sh in their native language. These
findings would have led us to expect a language effect on discrimination of the s-sh continuum
by the English and Korean groups. We did not expect evidence of a discrimination discontinuity
for the Korean listeners since s and sh are variants of the same category in their native language,

as suggested in Beckman & Pierrehumbert (2000). Furthermore, the results seem to contradict
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the results of the first study (Chapter 2), in which English and Mandarin speakers patterned
together in contrast to Korean speakers. All three language groups, on the other hand, showed
better perception between steps 2-5, and chance-level perception closer to the end-points,

suggesting a category boundary for all three language groups.

Several factors might explain the contradiction between these results and earlier research.
In this experiment, only the frication portion (with possible leftover vowel transition) from the
original Ci context was used in synthesizing the continuum (c.f. section 3.2.2). Thus, it seems
likely that this task tapped into low-level auditory/acoustic perception. In the previous studies,
the feature being manipulated on the continuum (e.g., VOT in Lisker & Abramson (1970) and
Pisoni & Tash (1974), place of articulation in Ganong (1980)) was put in a context that
encouraged phonological perception. For example, in Lisker & Abramson (1970), a continuum
of stops manipulating VOT in the context of CV (e.g., [ba] to [p"a]) was played to English
listeners and Thai listeners. In the context of (stressed) syllable onset position, English listeners
rarely encounter unaspirated voiceless stops. In other words, English listeners only encounter
two categories of stops in the given linguistic environment. Unaspirated voiceless stops appear
allophonically in other contexts (e.g., after /s/, as in speak or in unstressed syllable onsets, as in
happy). English speakers might have discriminated all three allophonic variants if the context
had been one that does not encourage phonological perception. Previous studies have shown that
perception is influenced by native language phonotactic constraints (Massaro & Cohen 1983). In
the case of VOT in the context of CV (Lisker & Abramson 1970), English listeners may have

been biased/guided by their native phonotactic knowledge in terms of the aspiration
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environments. Another example of perception biased/guided by native language knowledge is
repeated in Ganong (1980). Ganong uses a continuum of stops manipulating VOT in the context
of a word or a non-word (e.g., task-*dask, *tash-dash), and the boundary of the categorical
perception was biased towards the endpoint that was a word. In other words, on a task-*dask
continuum, listeners had more task responses while on the *tash-dash continuum, listeners had
more dash responses. In this linguistic context, listeners were biased/guided by their knowledge
of the lexicon (Beckman & Pierrehumbert 2004; Hay et al. 2004; see also the discussion in

section 4.5).

The experiment conducted here, on the other hand, included no biasing context and no
lexical information. Thus, it seems likely that this task tapped into low-level auditory/acoustic
perception rather than phonological processing. This explanation gained support from the

response time (RT) results.

Previous research shows that short response latencies (as short as 500ms from acoustic
onsets) are not significantly affected by linguistic knowledge (Fox 1984; Johnson & Babel 2010),
and that response time increases as a positive function of uncertainty (Pisoni & Tash 1974):
when the two sounds were across a category boundary, the RTs were shorter; when the two
sounds fell within a category, two sounds that presumably pose more difficulty for the listeners,
the RTs were longer. In other words, shorter responses to auditory stimuli were hypothesized to
by-pass a higher level of conscious introspection in which RTs are argued to reflect uncertainty.
Although this experiment was not designed in a way that encouraged speeded response, a post-

hoc observation of the RT results reveals interesting patterns among the three language groups.
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The RT results for the f-s continuum are shown in Figure 3-7.™ The x axis represents the
fricative pairs two steps apart on the continuum and the y axis represents the response times in
milliseconds. The Mandarin group is represented with diamond markers, English with square

markers, and Korean with triangle markers (*: p<.05).

Figure 3-7  f-s continuum response time
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Overall, we see shorter response times from the English (mean: 947 ms) and Korean
groups (mean: 900 ms) than from the Mandarin group (mean: 1053 ms), and the Mandarin
speakers took longer to respond to stimuli towards the end of the continuum (though the same

trend is present for both English and Korean groups).

3 The assumption of normality was met with the RT results. See Appendix E.3.
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A follow-up repeated-measures ANOVA showed a main effect of Pair (F(5,285)=6.698,

p<.001) and a significant interaction of Language and Pair (F(10,285)=2.043, p<.05), indicating

that the RTs were different among pairs depending on the language groups. The interaction was

driven by the longer response times from the Mandarin group from steps 5-8 (Language effect in

steps 5-7 and 6-8, both p<.05) towards the end of the continuum (all the other pairs, p>.1). An

interesting pattern was revealed when we put the accuracy and the response time results side by

side, as in Figure 3-8.

Figure 3-8

f-s continuum accuracy and response time results
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The valley of the RT results in the right panel, indicated by an arrow, corresponded

nicely to the peak of the accuracy on the left panel. This trend on the RT results seems to be

present in all three language groups, but is only significant in the Mandarin group (linear trend,

p<.01). In other words, only the Mandarin speakers took significantly less time responding to the
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pairs that they perceived more accurately, while they took longer to respond to the pairs they

processed with lower accuracy.

Along the same lines, we observe similar RT patterns on the s-sh continuum, as shown in
Figure 3-9. Both the English and Korean speakers took less time in responding (English: 967 ms;
Korean: 916 ms; Mandarin: 1117 ms), and the RTs were not different depending on pairs. On the

other hand, the RTs for the Mandarin group showed a quadratic trend.

Figure 3-9  s-sh continuum response time
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A follow-up repeated measures analysis showed a main effect of Language
(F(2,57)=4.114, p<.05) suggesting that the RTs from the language groups were different. The
condition Pair yielded a significant effect in the Mandarin group (F(5,19)=2.641, p<.05), but not
in the other two groups (both p>.5), and this effect was best described by a quadratic trend

(F(1,19)=5.902, p<.05).
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We observe the same corresponding pattern for the Mandarin group in accuracy and

response times, shown in Figure 3-10, as was seen for the f-s continuum. The valley of the

Mandarin RT results in the right panel, indicated by the arrow, corresponded nicely to the peak

of the accuracy on the left panel. In other words, the Mandarin listeners took less time and

responded with higher accuracy between steps 3-5. We did not see this correspondence between

accuracy and response times in the English and Korean groups.

Figure 3-10 s-sh continuum accuracy and response time results
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The statistical results on response times are summarized in Table 3-8.

Table 3-8 Summary of discrimination response times results

f-s continuum

s-sh continuum

Language
***Pair

*Language x Pair

*Language
Pair
Language x Pair

The results for the Mandarin group seem to parallel the findings reported by other

investigators that RT increases as a positive function of uncertainty (Pisoni & Tash 1974). We
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found shorter RTs when the two sounds were across a category boundary and longer RTs when
the two sounds fell within a category that presumably pose more difficulty. The RTs of the
English and Korean groups, however, did not show significant difference in terms of Pair. Note
that the mean RTs of the English group and Korean group (English mean: 957 ms; Korean mean:
908 ms) were shorter than the Mandarin group overall (Mandarin mean: 1085 ms). The RT
results seem to suggest that the English group and Korean group by-passed the phonological
level of processing (faster response times and not patterning with the accuracy results), while the
Mandarin group displayed a category-influenced judgment on the continuum (overall slower
response times and patterning with the accuracy results). If the higher accuracy between steps 3-
5 for the English group and Korean groups was a reflection of native language phoneme

categories, we would have expected the same pattern for the RTs that we found for the Mandarin

group.

A natural question to ask about the different RT patterns would be why only the
Mandarin group should respond based on a phonological rather than an acoustic-phonetic level
of processing. One possible explanation is that the stimuli were recorded by a Mandarin speaker.
Therefore, the stimuli may have been more easily recognized as linguistic by the Mandarin
speakers. Furthermore, Mandarin has been argued to have syllabic fricatives (Dong 1958; Chao
1968; Pulleyblank 1984; Ramsey 1987; Wiese 1997): structures that are sometimes analyzed as a
syllable consisting of a fricative followed by an apical vowel ([tsi], [tshi], [si], and [ts1], [t§h1], [s)

have alternatively been argued to be syllabic fricatives [ts], [ts"], [s] and [ts], [ts"], [s]. This
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property of Mandarin Chinese might enable the Mandarin listeners to perceive the frications as

complete syllables on the continua, and thus as speech sounds.

One might also wonder, if the task tapped into a low-level of processing for the English
and Korean participants, why evidence of a category boundary should be present in the accuracy
results. In other words, if the English and Korean participants were just listening to the acoustic
differences between two members of the fricative pairs with equal acoustic distance, would we
not expect a more gradient or non-categorical perception from the English and the Korean groups?
However, previous studies have suggested that human beings tend to perceive sounds (even for
non-speech sounds) categorically, rather than perceiving the small acoustic variations (Pisoni &
Lazarus 1974; Pisoni 1977). The category boundary from the English and Korean results could

just be a reflection of human’s general auditory sensitivities.

3.5 Summary

The set of experiments discussed in this chapter compared the ability of speakers of
English, Korean, and Mandarin to discriminate pairs from an eight-step continuum from s to sa
and another continuum from f to s as comparison. The experiments were designed to determine
whether the speakers from the three language groups showed a category boundary on the s-sh
continuum. The accuracy results of this experiment did not yield a difference in the speakers’
ability to discriminate the two sounds according to their language background. These results did
not support either of the posited hypotheses and seemed to contradict the results of the first study,

in which English and Mandarin speakers patterned together in contrast to Korean speakers.
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Furthermore, the response time results showed that the English speakers patterned with the
Korean speakers in that, overall, they took less time than did the Mandarin speakers in their
discrimination of s/sh, and only the Mandarin speakers responded faster to pairs that they
discriminated with higher accuracy. It was proposed that the experiment tapped into an acoustic-
phonetic level of processing, instead of a phonological one to explained the discrepancy between
the results of the similarity rating and discrimination experiments. The comparison of accuracy
and RT patterns across the language groups suggests that only the Mandarin speakers were
treating this as a linguistic task. The RTs of the English and Korean groups were shorter,
possibly reflecting a low-level of processing, and did not vary according to Pair, whereas the
Mandarin speakers took longer time in discriminating the stimuli, and the RTs varied according
to Pair. The results suggest that this task did not tap into the listeners’ native linguistic
knowledge for the English and Korean groups due to the limited linguistic information provided.
The longer RTs for the Mandarin group and the correspondence with accuracy suggest that the

Mandarin listeners processed the stimuli at the phonological level.
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Chapter 4 Semantic Priming

This chapter presents the results of an experiment investigating the priming relationship
between s and sh in English, Korean, and Mandarin. Previous literature shows that variants of the
same phoneme category participate in priming relationships while separate categories do not
(Sumner & Samuel 2005; Ranbom & Connine 2007). In English, since s and sh are in contrast,
we do not expect words containing s to prime words containing sh, and vice versa.** In both
Korean and Mandarin, s/sh are in complementary distribution, but only in Korean do s/sh exhibit
alternations. Examining the s/sh priming relationship in these two languages enable us to
investigate the contribution of alternations vs. distribution in establishing sounds as members of

a single phoneme category.

In Chapter 2 | showed that the Mandarin listeners patterned with the English speakers,
rather than with the Korean speakers, in their similarity ratings for s/sh, which is expected if both
the English and Mandarin speakers analyze these sounds as members of separate categories.

However, the results of the discrimination experiment discussed in Chapter 3 were not consistent

 However, note that phonetically similar sounds might exhibit weak priming relationships (see Goldinger 1998 and
the discussion in section 4.5).
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with this pattern, since in terms of discrimination English, Mandarin, as well as Korean speakers
showed a category boundary on the s-sh continuum. In Chapter 3 | suggested that the
discrimination results may not be a good diagnostic for speakers’ analysis of phonological
relationships, since there results may have reflected acoustic rather than phonological processing.
In this chapter, I will show that the results of the priming task also did not align with the
similarity judgments, since in the priming experiment, the Mandarin speakers patterned with the

Korean speakers. | will pursue possible explanations of this pattern.

The structure of this chapter is as follows. Section 4.1 summarizes previous relevant
work in priming. Section 4.2 presents the methodology of the experiments. The results are
presented separately for each language in section 4.3. Section 4.4 summarizes the chapter, with a

discussion in section 4.5.

4.1 Introduction

It is well established that hearing a word primes the processing of an immediately
following related word (i.e., semantic priming; e.g., Connine et al. 1993; Deelman & Connine
2001). Furthermore, previous research has found priming effects (i.e., faster reaction to
experimental stimuli) between forms containing variant pronunciations of a category, but usually
not between forms differing in sounds that belong to separate categories (Sumner & Samuel
2005; Ernestus & Baayen 2007; Ranbom & Connine 2007). For example, in a series of
experiments using semantic priming and lexical decision tasks (i.e., how quickly people classify

stimuli as words or non-words), Sumner & Samuel (2005) found that the target word music was
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primed by the semantically related word flute, when flute was articulated with any of the three
variants of final [t]: canonical fully aspirated [t], coarticulated [?t"] and glottalized [?]. However,
when the participants were presented with a contrastive phoneme /s/, instead of /t/, as in [flus],
no facilitation was found in classifying the target word music. Note that the different variants of
final [t] in Sumner and Samuel (2005) occur in free variation, so that listeners may be expected

to have heard the three variants.

In contrast to the lack of priming relationship among [s] and [t] in English, Ernestus and
Baayen (2007) have shown that even contrasting sounds may participate in a priming
relationship when the two sounds participate in morpho-syntactic alternations. In Dutch, the
voicing contrast in obstruents is neutralized in word-final position (/hand/ ‘hand’: [hant] sg.,
[handa] pl.; /krant/ ‘newspaper’: [krant] sg., [krants] pl.), where voiced obstruents are
pronounced as voiceless. In a series of lexical decision experiments, Ernestus and Baayen asked
Dutch speakers to classify two types of forms with incorrectly voiced final obstruents as a word
or non-word: (a) words with an underlying voiced final obstruent (e.g., *[hand] from /hand/); (b)
words with an underlying voiceless final obstruent (e.g., *[krand] from /krant/). The results
showed that the Dutch listeners classified type (a) forms as words more readily than type (b)
forms, presumably because the lexical representations were activated when hearing the former
type (e.g., /hand/) but not the latter (e.g., /krant/). The results suggest that even contrasting
sounds (e.g., /d/ and /t/) may show a priming relation in a context in which the contrast is

normally neutralized (e.g., word-final position).
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To my knowledge no research has been done on the priming relationship of two sounds
that do not contrast but that are in complementary distribution. This chapter describes an
experiment investigating the priming relationships between s and sh in English (where the
sounds are in contrast), Korean (where the sounds are in complementary distribution and
participate in regular alternations), and Mandarin (where the sounds are in complementary
distribution but do not alternate). Based on the Sumner & Samuel study showing lack of priming
for contrasting sounds, we expect that forms differing in s vs. sh will not exhibit priming effects
in English. The predictions for the other two languages are less clear. While the Sumner &
Samuel study showed a priming relationship among the variant forms of final [t] in English, we
cannot be certain whether this priming effect derives from the status of the [t] variants as
members of the same category, or from the fact that these sounds are in free variation, which
means that listeners have probably heard a single lexical item with varying pronunciations. Since
in Mandarin and Korean listeners would never hear s and sh in the same phonological context,
and therefore would never hear variant forms involving these two sounds, we cannot predict
whether the two sounds should participate in a priming relationship in these two languages.
However, the case of Korean vs. Mandarin still has the potential to shed light on the contribution
of alternations vs. distributional evidence alone in establishing sounds as members of a single
phoneme category. The crucial comparison for this point lies between Mandarin and Korean s/sh.
If we find a s/sh priming relationship in Korean but not in Mandarin, this would presumably be
attributable to the fact that Korean speakers have evidence for the s/sh relationship from both
distribution and alternation while Mandarin speakers have evidence only from distribution,

therefore supporting the Distribution Plus Alternation Hypothesis. Alternatively, if we find a
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priming relationship between the two sounds in both Korean and Mandarin, this would support

the Distribution Alone Hypothesis.

4.2 Methodology

The priming experiment was designed to investigate the extent to which recognition of a
target word was facilitated by a form derived by changing s to sh, or vice versa, in English,
Korean, and Mandarin. The experiment employed a semantic priming paradigm using a lexical
decision task. For all three languages, the facilitation effect of a s/sh change was compared with
the priming effects when s and sh were changed to a contrasting sound. As the contrasting sound,
f was chosen for Mandarin and English because of its contrast with s/sh in the two languages
(e.g., minimal pair [sa] ‘spill” vs. [fa] ‘hair’ in Mandarin, and see, fee, and she in English). For
Korean, where f does not occur, fortis s’ and sh’ were chosen since fortis vs. lax obstruents
contrast in this language (e.g., on fricatives, [sal] ‘flesh’ and [s’al] ‘uncooked grains of rice’; on

stops, [tal] ‘moon’ and [t’al] ‘daughter’) (c.f., Table 1-3).

4.2.1 Participants

60 participants from each language group were recruited for this set of experiments. 40 of
the participants had also participated in the previous two experiments, and the same recruiting
requirements were followed for this experiment (see sections 2.2.1 and 3.2.1). The English group
included 29 males and 31 females (aged 18-22); the Korean groups included 24 males and 36

females (aged 18-38) with an average self rating of 4.50 on their English ability; the Mandarin
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group included 11 males and 49 females (aged 20-22) with an average self rating of 4.51 on their

English ability. None reported any hearing deficiencies.

4.2.2 Norming pretest

A norming pretest was carried out to select semantically related word pairs for the
experiment. A list of disyllabic s and sh ([f/¢]) onset words was compiled in each of the
languages (three lists in total). These lists were presented to 10 Taiwanese Mandarin speakers, 11
English speakers, and 5 Korean speakers, respectively. Participants were instructed to write
down a related word for each item. The 36 most frequently reported semantic associates from the
original lists (39% reporting rate for Mandarin, 45% for English, and 32% for Korean) were
chosen as prime-target pairs for the Related condition. Another 36 primes were chosen for the
Unrelated condition, and were matched up with unrelated targets (72 pairs in total). See

Appendix B for the wordlists.

4.2.3 Designs and Materials

The stimuli were recorded in a sound-dampened room by a male native Mandarin
phonetician, a male native English phonetician, and a female native Korean phonetician,
respectively. Three versions of the stimuli corresponding to three experimental conditions (Same,
Swapping, Contrastive) were created by splicing off the fricative onsets from the recorded
stimuli using the Praat software package (Boersma 2001). The first version (the Same Condition)
was created by splicing in a single token of s and sh, so that all the stimuli had physically the

same s or sh token. (The same tokens of s and sh were used in creating the Swapping condition).
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This method was used to avoid participants being influenced by the naturalness of the stimuli.
The second version (the Swapping Condition) was created by cross-splicing the representative
tokens of s and sh (e.g., [famba] from samba, [sedou] from shadow), and the third version (the
Contrastive Condition) was created by splicing in a contrastive onset, [f] in Mandarin and
English (e.g., [famba] from samba, [feedou] from shadow), and fortis [s’]/[¢’] in Korean. The

intensity of all the stimuli was scaled to 65dB.

The design followed closely that of Sumner & Samuel (2005), which is a three-factorial
design with two between-subject factors (Language and Condition) and one within-subject factor

(Relation), as shown in Table 4-1.

Table 4-1 Semantic priming design

Between-subject factor Language —>Mandarin, English, Korean

Condition - Same, Swapping, Contrastive
Within-subject factor Relation —>Related, Unrelated
Dependent variable Response times

A sample wordlist is provided in Table 4-2. Sixty participants from each of the three
language groups were randomly assigned to three experimental conditions (20 participants in

each condition): Same, Swapping, and Contrastive.

83



Table 4-2 Sample wordlist
Language  Condition Prime Target
Same [samba] *samba’ ‘dance’
[feedou] *shadow’ ‘darkness’
o.f. Unrelated [saelad]‘ salad, ‘depre’ss
[fuga] “sugar noise
. . [fambo] ‘dance’
English Swapping [seedou] ‘darkness’
c.f., Unrelated eclod] de;_)ress
[suge] ‘noise’
Contrastive [fambo] ‘dance”
[faedou] ‘darkness’
c.f., Unrelated [feelod] ‘depre’ss
[fuge] noise
[sik"i] “ski’ [nun] “‘snow’
Same [cigje] “clock’ [cikan] ‘time’
. g s 9 - h. P 9
c.f., Unrelated [51'13n|]‘ \'/lcfory [k!p 1 d‘epth,
[eine] “city [kjeran] ‘egg
. *[eik"i] [nun] ‘snow’
Korean Swapping “[sigje] [cikan] ‘time’
Kl s . < Ny ,
c.f., Unrelated [c.ﬂjm] [k!p 1 d‘epth,
*[sine] [kjeran] ‘egg
_ *[¢"ik"i] [nun] ‘snow’
Contrastive s« /svigje] [ikan] “time’
JPr o c heq g
c.f., Unrelated [G,_ﬂjm] [k!p 1 d‘epth,
*[s’ine] [kjeran] ‘egg
Same [si-jan] ‘breed’ [ton-wu] “animal’
[ei-jan] ‘banquet’ [teje-hun] ‘wedding’
. H [ H 7 h 11 7
o, Uil [51' t.(.;l] ‘drlver’ [ts aIkvya] ‘ mel’on
[ei-jin] “attract [san-min] ‘god
. . *[ei-jan] [ton-wu] “animal’
Mand - . .
andarin Swapping *[si-jan] [teje-hun] ‘wedding’
*Toitel h 3 ]
c.f., Unrelated [c.l tc 1 Its a1kvya] . mel’on
*[si-jin] [san-min] ‘god
. *[fi-jan] [ton-wu] *animal’
Contrastive i jan] [teje-hun] ‘wedding’
*Tfi_tel h 3 ]
c.f., Unrelated [f? F?I] [ts a1kv_va] . mel1on
*[fi-jin] [son-min] ‘god
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In the Same conditions, nothing was manipulated except for cross-splicing in a
representative s or sh token (e.g., prime [sambs] ‘samba’ and target dance, prime [fedou]
‘shadow’ and target darkness). In the Swapping condition, s and sh were swapped (e.g.,
[sambo]—>[fambas], [feedou]—>[sedou]), and in the Contrastive condition, s/sh were changed to a
contrastive sound (e.g., [samba]—=>[fambs], [fedou]—=>[fedou]). Note that the stimuli in the
Swapping and Contrastive conditions in Mandarin and Korean created illegal sequences due to
the distributional restrictions of the two languages: [s]/[s’] does not occur before the high-front
vowel [i], and [¢]/[¢’] does not occur before the non-high-front vowel [i]; [f] does not occur
before [i}/[i] in Mandarin. (The fact that the primes in the Mandarin and Korean stimuli
contained illegal sound sequences distinguishes this study from the Sumner & Samuel study, and

the possible implications of this difference will be discussed later.)

108 filler trials were added (18 with real word targets and 90 with pseudoword targets) to
balance the word and non-word responses in the lexical decision task, and to avoid the
development of strategies in the responses (e.g., the association of fricative-onset primes with
word or non-word responses). The filler primes all had non-fricative onsets. For each list, there
were 90 real word targets (72 targets semantically related to s/sh primes, and 18 filler targets),

and 90 pseudowords, and in total 180 prime-target trials.
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4.2.4 Procedure

Participants completed the experiment individually or in groups of up to four in separate
booths, using a computer that was connected to a keyboard with keys labeled “yes’ and ‘no’ in
their native language.®® Each participant received one experimental list (the Same condition,
Swapping condition, or Contrastive condition). Therefore, each participant heard each prime and
target pair only once. All stimuli were presented binaurally over headphones at a comfortable
listening level, and in a different random order for each participant, using E-Prime software (v2.0;
Psychological Software Tools, Pittsburgh, PA). On each trial, participants were presented with
an auditory prime (e.g., samba), followed by a 500 ms ISI, and followed by an auditory target
(e.g., dance). Participants were presented with written instructions on the computer screen in
their native language, and were asked to make a lexical decision (to judge if the target was a
word) by pressing ‘yes’ or ‘no’ on the keyboard as soon as they were sure. The primes in which
the onset fricatives were manipulated were not judged—only the targets were judged. Example
stimuli were provided and each participant completed a practice session with 8 trials before the

experiment. The experiment lasted approximately 12 minutes.

> The labels ‘yes’ and ‘no’ were put on the keys ‘d’ and ‘I’ on a keyboard because of their relative central position
on the keyboard.
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4.3 Results

We expect that English s/sh should not exhibit a priming relationship due to their status
as contrasting phonemes. Therefore, for English speakers the response times for the lexical
decision task should be the same for the Swapping and Contrastive conditions—that is, the
response times for deciding if dance is a word should be the same after hearing [fambas] and after
hearing [famba]—since the relation between s and sh is not different from that between s/sh and
f. Hearing [famba] or [famba] should not activate the word samba and thus the lexical decision

of the target dance should not be facilitated.

Of particular interest here is the comparison between Mandarin and Korean response time
patterns. We expect no priming relation between s/sh and a contrastive sound in either language
(f in Mandarin and sh’/s’ in Korean). Mandarin and Korean s/sh share the same distributional
predictability; however, only Korean s and sh participate in alternations. If we find a s/sh
priming relationship in Korean but not in Mandarin, manifested in the different response time
patterns for the lexical decision for the Same and Swapping conditions, this would presumably
suggest that the Korean speakers have analyzed these sounds as more closely related than the
Mandarin speakers (Distribution Plus Alternation Hypothesis). On the other hand, if we see
similar response time patterns for the lexical decision between the two language groups for the
Same and Swapping conditions, then we conclude that both groups have arrived at similar

analyses of the phonological relationship between the two sounds.
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4.3.1 English

The mean response times and the priming effects (the difference between the Related and
Unrelated conditions) for the three experimental conditions are shown in Table 4-3 with standard

deviations in parentheses, and are illustrated in Figure 4-1.

Table 4-3 English lexical decision RT in ms and priming effect

RelationCondltlon Same Swapping Contrastive
Related 829.05 (114.65) 938.82 (160.66) 894.47 (106.20)
Unrelated 886.65 (108.27) 947.11 (120.07) 890.72 (85.17)

Priming effect 57.6 8.29 -3.75

Figure 4-1  English lexical decision RT
(*: p<.05; **: p<.01; ***: p<.001; n.s.: not significant)
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The response times for the unrelated prime-target pairs were taken as a baseline. Shorter
response times observed in the related prime-target word pairs vs. the unrelated word pairs are
taken to indicate a priming effect.'® In Figure 4-1, the x axis represents the different conditions
and the y axis represents the lexical decision times in milliseconds to semantically related targets
(solid line/square markers) or to unrelated targets (dotted line/triangle markers). We can see from
the response time differences between the related pairs and unrelated pairs in Table 4-3 and
Figure 4-1 that only the Same condition yielded a significant difference, suggesting a priming
effect when the onsets of the primes (s or sh) were identical (e.g., samba or shadow). In the other
two conditions, in which the onsets were modified either by swapping s and sh (e.g., [fambs]), or
changing s/sh to a contrastive sound (e.g., [famba]), the distance between related pairs and
unrelated pairs was very close, suggesting a lack of priming effect. This observation is confirmed

by the statistical results.'’

Two-way ANOVAs (Condition [Same, Swapping, Contrastive] x Relation [Related,
Unrelated]) were performed across participants (F1) and items (F2). A main effect of Relation

was found in the by-participant ANOVA (F1(1, 57)=8.629, p<.05), but not in the by-item

18 The assumption of normality was met with the English lexical decision RTs. See Appendix E.5.
" Raw RT data were used in reporting the statistical results. Log transformed data yielded similar results to the raw
data. For log transformed results, see Appendix D.
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ANOVA (F2(1, 210)=2.538, p=.113).'® A main effect of Condition was observed for the by-item
ANOVA (F2(2, 210)=14.453, p<.001), but not for the by-participant ANOVA (F1(2,57)=2.777,
p=.071). There was also a significant interaction for the Dby-participant ANOVA
(F1(2,57)=7.088, p<.05, F2(2,210)=2.085, p=.127). Planned comparisons showed that targets
preceded by related primes were identified more quickly than targets preceded by unrelated
primes in the Same condition (F1(1,19)=88.219, p<.001, F2(1,70)=9.116, p<.01), but not in the
other two conditions (Swapping F1(1,19)=.240, p=.629, F2(1,70)=.128, p=.722; Contrastive

F1(1,19)=.114, p=.740, F2(1,70)=.023, p=.880).

The factor Condition yielded a significant effect in an analysis of the priming effects (cf.,
p.88 and Table 4-3), as illustrated in Figure 4-2 (F(2, 117)=6.759, p<.05). Pairwise comparisons

showed that the main effect arose from the significant difference between the Same vs.

'8 The results reported here are based on the unscreened data. The screened data (excluding RTs when the lexical
decisions were incorrect; 240 cases were tossed out), though producing lower standard deviations, yielded similar
statistical results.

Relation Condition Same Swapping Contrastive
Related 825.97 (111.42) 926.44 (134.10) 894.02 (106.12)
Unrelated 880.40 (111.10) 938.76 (115.77) 879.50 (83.80)
Priming effect 54.43 12.32 -14.52

With the screened data, there was a main effect of Relation (F1(1, 57)=9.193, p<.005, F2(1,210)=4.722, p<.05).
Main effect of Condition was observed for the by-item ANOVA (F2(2, 210)=9.967, p<.001), but not for the by-
participant ANOVA (F1(2,57)=2.669, p=.078). There was also a significant interaction for the by-participant
ANOVA (F1(2, 57)=12.210, p<.001, F2(2,210)=2.361, p=.097). Planned comparisons showed that only in the Same
condition, targets preceded by the related primes were identified more quickly than the unrelated primes
(F1(1,19)=61.571, p<.001, F2(1,70)=9.740, p<.005), but not in the other two conditions (Swapping F1(1,19)=.982,
p=.334, F2(1,70)=.905, p=.345; Contrastive F1(1,19)=2.243, p=.151, F2(1,70)=.026, p=.872).
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Swapping conditions and the Same vs. Contrastive conditions (both p<.05). There was no

significant difference between the Swapping & Contrastive conditions (p=.775).

Figure 4-2  English priming effect
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The English results fit our predictions in that we found no facilitation in either the
Swapping or the Contrastive condition, meaning that swapping s and sh was not different from
changing s/sh to a contrastive sound f. The results showed a response time pattern consistent with
the analysis of s and sh as contrastive phonemes in English. In other words, the relation between
s and sh is not different from the relation between s/sh and a contrastive sound f. The statistical

results are summarized in Table 4-4 (*: p<.05; **: p<.01; ***: p<.001).
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Table 4-4 Summary of English semantic priming results

F1 (by participant) F2 (by item)

Condition ***Condition
Omnibus ANOVA *Relation Relation

*Condition x Relation Condition x Relation
Same ***Relation **Relation
Swapping Relation Relation
Contrastive Relation Relation

4.3.2 Korean

The mean response times and the priming effects (the difference between the related and
unrelated prime-target pairs) for the three experimental conditions are shown in Table 4-5 with

standard deviations in parentheses, and are illustrated in Figure 4-3.°

Table 4-5 Korean lexical decision RT in ms and priming effect

RelationCondltlon Same Swapping Contrastive
Related 889.66 (74.66) 972.31 (156.40) 1004.86 (127.08)
Unrelated 986.69 (88.07) 1042.26 (172.40) 1061.95 (129.61)
Priming effect 97.03 69.95 58.09

19 The assumption of normality was met with the Korean lexical decision RTs. See Appendix E.6.
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Figure 4-3  Korean lexical decision RT

1150 - " Errorbars: 95%CI

1100

1050 -

1000 -
== Related

=A== Unrelated

O

h

=
1

Response Time (ms)

900 -

850 -

8 () () T T 1
Same Swapping Contrastive

Two-way ANOVAs (Condition [Same, Swapping, Contrastive] x Relation [Related,
Unrelated]) were performed across participants (F1) and items (F2). Overall, reaction times were
significantly shorter for the related pairs than for the unrelated pairs (F1(1, 57) = 88.895, p<.001;
F2(1, 210) = 21.957, p<.001). Planned comparisons showed that the targets preceded by the
related primes were identified more quickly than the unrelated primes in all three conditions
(Same F1(1, 19)=65.342, p<.001, F2(1, 70)=15.558, p<.001; Swapping F1(1, 19)=25.896,
p<.001, F2(1, 70)=5.973, p<.05; Contrastive F1(1, 19)=14.063, p<.005, F2(1, 70)=3.780,
p=.056). The factor Condition in the related prime-target pairs was significant (F1(1, 57)=4.581,

p<.05, F2(1, 105)=7.867, p<.05). However, the factor Condition in the unrelated prime-target
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pairs was not significant for the by-participant analysis (F1(2, 57)=1.684, p=.195), but

significant for the by-item analysis (F2(1, 105)=4.851, p<.05). *°

The factor Condition, however, did not yield a significant effect in an analysis of the
priming effects (F(2, 117)=2.531, p=.084), meaning that the priming effects in the different

conditions were not significantly different, as illustrated in Figure 4-4.

% The results reported here are based on the unscreened data. The screened data (excluding RTs when the lexical
decisions were incorrect; 208 cases were tossed out), though produced slightly lower standard deviations, yielded
the same statistical results.

Relation Condition Same Swapping Contrastive
Related 886.47 (74.32) 964.88 (150.25) 997.64 (126.16)
Unrelated 973.18 (86.50) 1036.80 (185.71) 1055.32 (131.71)
Priming effect 85.11 71.92 57.68

With the screened data, reaction times were significantly faster for the related targets than for the unrelated targets
(F1(1, 57) = 83.36, p<.001; F2(1, 210) = 23.605, p<.001). Planned comparisons showed that the targets preceded by
the related primes were identified more quickly than the unrelated primes in all three conditions (Same F1(1,
19)=53.021, p<.001, F2(1, 70)=15.408, p<.001; Swapping F1(1, 19)=28.19, p<.001, F2(1, 70)=7.905, p<.01;
Contrastive F1(1, 19)=14.097, p<.05, F2(1, 70)=3.777, p=.056). Simple effect of Condition in Related was not
significant (F1(2, 57)=4.448, p<.05, F2(2, 105)=8.611, p<.001). However, the simple effect of Condition in
Unrelated was not significant for the by-participant analysis (F1(2, 57)=1.878, p=.162), but significant for the by-
item analysis (F2(2, 105)=5.779, p<.05).
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Figure 4-4  Korean priming effect
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In Korean, we did find a priming relationship between s and sh manifested by the
significant priming effect between Related and Unrelated in the Same and Swapping conditions.
In other words, swapping s and sh did not interfere with lexical retrieval. However, we also
found a priming relationship between s/sh and the contrastive sounds sh’/s’, manifested by the
significant priming effect in the Contrastive condition, and the strengths of the priming effects
were not different across conditions. In other words, contrary to what we predicted, we found a
priming relationship even among two contrastive sounds: changing s/sh to the contrastive sounds

sh’/s’ did not interfere with lexical retrieval.

The statistical results are summarized in Table 4-6.
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Table 4-6 Summary of Korean semantic priming results
F1 (by participant) F2 (by item)
Condition ***Condition
Omnibus ANOVA ***Relation ***Relation
Condition x Relation Condition x Relation
Same ***Relation ***Relation
Swapping ***Relation *Relation
Contrastive **Relation Relation

4.3.3 Mandarin

The mean response times and the priming effects (the difference between the related and

unrelated prime-target pairs) for the three experimental conditions are shown in Table 4-7 with

standard deviations in parentheses, and are illustrated in Figure 4-5. %

%! The results reported here are based on the unscreened data. The screened data (excluding RTs when the lexical
decisions were incorrect; 253 cases were tossed out), though produced lower standard deviations, yielded the same

statistical results.

Condition

. Same Swapping Contrastive
Relation
Related 1017.40 (113.72) 1011.64 (98.19) 1055.75 (127.16)
Unrelated 1126.17 (119.99) 1112.88 (105.07) 1119.63 (135.41)
Priming effect 108.77 101.24 63.88

With the screened data, reaction times were significantly faster for the related targets than for the unrelated targets
(F1(1, 57) = 125.173, p<.001; F2(1, 210) = 53.030, p<.001). Planned comparisons showed that the targets preceded
by the related primes were identified more quickly than the unrelated primes in all three conditions (Same F1(1,
19)=58.144, p<.001, F2(1, 70)=22.802, p<.001; Swapping F1(1, 19)=32.224, p<.001, F2(1, 70)=24.762, p<.001;
Contrastive F1(1, 19)=52.490, p<.001, F2(1, 70)=8.006, p<.01). Simple effect of Condition in Related was not
significant (F1(2, 57)=.891, p=.416, F2(2, 105)=2.919, p=.058) nor does the simple effect of Condition in Unrelated
(F1(2, 57)=.061, p=.941, F2(2, 105)=.123, p=.884).
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Table 4-7 Mandarin lexical decision RT in ms and priming effect

RelationCondltlon Same Swapping Contrastive
Related 1014.94 (110.34)  1019.19 (106.21) 1062.26 (135.16)
Unrelated 1137.34 (116.27)  1123.48 (107.22) 1133.46 (139.57)
Priming effect 122.4 104.29 71.2

Figure 4-5  Mandarin lexical decision RT
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Two-way ANOVAs (Condition [Same, Swapping, Contrastive] x Relation [Related,
Unrelated]) were performed across participants (F1) and items (F2).2? Overall, the reaction times

were significantly shorter for the related targets than for the unrelated targets (F1(1, 57) =

%2 The assumption of normality was met with the Mandarin lexical decision RTs. See Appendix E.4.
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171.660, p<.001; F2(1, 210) = 47.836, p<.001). Planned comparisons showed that the targets
preceded by the related primes were identified more quickly than the unrelated primes in all
three conditions (Same F1(1, 19)=85.445, p<.001, F2(1, 70)=23.178, p<.001; Swapping F1(1,
19)=44.004, p<.001, F2(1, 70)=19.767, p<.001; Contrastive F1(1, 19)=53.678, p<.001, F2(1,
70)=7.699, p<.01). The factor Condition in the related prime-target pairs was not significant
(F1(2, 57)=.985, p=.380, F2(2, 105)=2.815, p=.064), meaning that the response times of the
related prime-target pairs in the three conditions were not significantly different. The response
times for the unrelated prime-target pairs in the three conditions were not significantly different

gither (F1(2, 57)=.069, p=.933, F2(2, 105)=.137, p=.873).

The factor Condition yielded a significant effect in an analysis on the priming effects

(F(2, 117)=4.356, p<.05), as illustrated in Figure 4-6.

Figure 4-6  Mandarin priming effect
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Pairwise comparisons showed a significant difference in the priming effect only between
the Same vs. Contrastive conditions (p<.05). The other two pairwise comparisons (Same vs.

Swapping, and Swapping vs. Contrastive) were not significantly different (both p>.1).

Thus in Mandarin, as in Korean, we found priming relations between s and sh, as well as
between s/sh and the contrastive sound f. Furthermore, no significant difference was found in

priming effects between the three conditions. The statistical results are summarized in Table 4-8.

Table 4-8 Summary of Mandarin semantic priming

F1 (by participant) F2 (by item)
Condition Condition
Omnibus ANOVA ***Relation ***Relation
*Condition x Relation Condition x Relation
Same ***Relation ***Relation
Swapping ***Relation ***Relation
Contrastive ***Relation **Relation

4.4 Summary

To summarize the results from the three language groups, we predicted that English s/sh
should not participate in a priming relationship due to their status as contrasting phonemes, and
that the response time for the lexical decision should be the same for the Swapping and
Contrastive conditions. This effect was found in English, where only the Same condition yielded
a significant effect of Relation, suggesting a priming effect when the onsets of the primes (s or sh)
were identical (e.g., samba primes dance, and shadow primes darkness). In the other two

conditions, in which the onsets were modified (e.g., Swapping: [fambs]; Contrastive: [famba]),
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no priming effect was found. In other words, s and sh were treated as separate categories by the

English speakers, as were s or sh vs. a contrastive sound f.

Although we did not see priming effects in either the Swapping or Contrastive conditions,
one might notice that the response times for the Swapping condition were longer than those for
the Contrastive condition overall (942.97 ms vs. 892.6 ms; c.f., Figure 4-1). This could be due to
the fact that in the Swapping condition, all the primes were non-words (e.g., [famba] from
samba; [fader] from Sunday), while the primes in the Contrastive condition were either words or
non-words (e.g., non-word [solds] from shoulder, but actual word [folds+] folder; non-word
[fader] from Sunday, but actual word [fader] fun day). It is possible that the slightly longer
overall response times to the targets in the Swapping condition might reflect response when the
primes were non-words. It might also be possible that the word primes in the Contrastive
condition caused the slightly shorter overall response times to the target. To rule out this
possibility, another ANOVA was run excluding the items that were words in the Contrastive
condition (9 items out of 36 were excluded; see Appendix C for the wordlist), so that only the
non-word items in the Swapping and Contrastive conditions were compared. The analysis
yielded similar results. There was a main effect of Condition (F2(1,183)=10.965, p<.001). The
factor Relation was significant only in the Same condition F1(1,19)=76.483, p<.001,
F2(1,61)=7.242, p<.01), but not in the Swapping (F1(1,19)=.418, p=.526, F2(1, 61)=.186,

p=.668) and the Contrastive conditions (F1(1,19)=.489, p=.493, F2(1, 61)=.116, p=.735).

One might also wonder if the overall longer response times for the Swapping condition

than for the Contrastive condition came from the differences in length of the stimuli. Though the
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primes were different in length (f was shorter than sh [234 ms vs. 255 ms], length difference = 21
ms), participants were asked to judge the targets only. The targets were the same in all three
experimental conditions and the response times were calculated from the beginning of each

target. Thus, the length differences of the primes should not matter.

While the results from the English group were consistent with our predictions, for the
Mandarin and Korean groups, on the other hand, we did not find a contrast in response times
corresponding to same, allophonic, or contrastive sounds. Contrary to our predictions, we found
a priming relationship both between s/sh and between these sounds and clearly contrastive
sounds in both languages (the Contrastive conditions: f in Mandarin, and sh’/s’ in Korean).
Furthermore, we found a similar pattern—non-significant differences of priming effects among
all three conditions—from both language groups. In other words, all three conditions exhibited

priming effects, and the strengths of the priming were not different across conditions.

We now consider why we saw similar patterns between Mandarin and Korean groups in
all three conditions, including the Contrastive condition. In the following section, I will pursue
the possibility, from the results of a followup experiment, that the priming results actually reflect
the effect of the distributional restriction, the fact that the swapping of s/sh and the changing of
s/sh to the contrastive sounds in Mandarin and Korean (but not English) created forms containing
sequences that are illegal in the native language. The hypothesis is that listeners actually
misperceived these illegal sequences as legal ones, reflecting perceptual repair of illegal

sequences at the level of lexical retrieval.
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45 Discussion

As noted in section 4.2.3, the primes in the Swapping and Contrastive conditions were
illegal sequences in both Korean and Mandarin: [s] ([s’]) does not occur before the high-front
vowel [i], and [¢] ([¢’]) does not occur before the non-high-front vowel [i]; [f] does not occur
before [i] or [i] in Mandarin. In English, the stimuli were all legal sequences: there are no
phonotactic restrictions against s, sh, or f in a certain phonological environment (c.f., section
1.3.1). In making lexical decisions in a semantic priming experiment, the listeners hear a prime
which is either semantically related or not related to the immediately following target, and they
need to decide if the target is a word or not. When the prime is a real word, the corresponding
word in the mental lexicon is presumably activated, and this activation facilitates the lexical
decision of the semantically related target. When the prime is not a word, there should be no
activation in the lexicon, and thus no facilitation of the immediately following word. However,
the Korean and Mandarin participants heard primes with illegal sequences (*[si] and *[¢i] in the
Swapping condition, and *[fi] and *[fi] in the Contrastive condition). These differed from real
words only in the substitution of a phonetically similar sound. Therefore, I hypothesize that in
these cases, because the lexicon does not contain words starting with the illegal sequences, the
phonetically closest corresponding real words were activated. In other words, the stimuli
beginning with *[si] and *[¢i] in the Swapping condition were ambiguous for the Korean and
Mandarin listeners, in that the consonant [s] signals a following non-high-front vowel, but the
vowel [i] signals a palatal onset. Similarly, the consonant [¢] signals a following high-front

vowel, but the vowel [i] signals a dental onset. Therefore, the Mandarin and Korean listeners
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were influenced by top-down information from the lexical level, and perceptually repaired the
illegal sequences to the phonetically closest legal sequences that make words.? For example, the
word [si-jan] ‘breed’ was activated when they heard the illegal *[¢i-jag] (in the Swapping
condition), as well as when they heard *[fi-jag] (in the Contrastive condition), since [s], [¢], and
[f] are very similar phonetically. In English, where there are no phonotactic restrictions against s
or sh in a certain phonological environment, on the other hand, the stimuli in the Swapping (e.qg.,
[famba]) and Contrastive conditions (e.g., [famba]) were legal. The hypothesis is that, upon
hearing the legal non-words, the corresponding real words (e.g., samba) were not activated as
readily because of the competing real words in the lexicon (e.g., sharp, shalom, shark, etc. for

[famba], and far, father, follow, fond, etc. for [famba]) (Beckman & Pierrehumbert 2004).

The hypothesis that listeners perceived the illegal sequences as phonetically similar legal
sequences that make words in lexical contexts is based on the previous speech processing and
speech recognition literature, which shows that the phonemic level can be directly influenced by

top-down information from the lexical level (e.g., Connine & Clifton 1987; Miller & Eimas 1995;

28 Several speech recognition models have been proposed to explain the relationship between lexical processing and
prelexical (e.g., phoneme) processing. For example, in TRACE, a model proposed by McClelland & Elman (1986),
lexical influences result directly from lexical processes exerting top-down control over a prior process of phonemic
analysis. In the Race model (Cutler & Norris 1979), phoneme identification can occur via a prelexical process or a
lexical process, and the responses from speakers are basically the result of a race between these two processes. In the
Merge model, “prelexical processing provides continuous information (in a strictly bottom-up fashion) to the lexical
level, allowing activation of compatible lexical candidates. At the same time, this information is available for
explicit phoneme decision making. The decision stage, however, also continuously accepts input from the lexical
level and can merge the two sources of information” (Norris et al. 2000: 312). Note, however, that the discussion in
this section is not committed to any particular model.
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Wurm & Samuel 1997; Norris et al. 2000; Norris et al. 2003; Beckman & Pierrehumbert 2004;
Hay et al. 2004), and the top-down mapping from the lexical level to the phonemic level can be
dependent on phonetic similarity (e.g., Connine et al. 1993; Connine 1994; Connine et al. 1994;
Connine et al. 1997). For example, Ganong (1980) conducted two identification experiments to
test top-down lexical effects on phoneme categorization. A continuum of stops varying in VOT
was used, where one endpoint was a word and the other a non-word (e.g., task-*dask, *tash-
dash). The results showed that the boundary of the categorical perception was biased towards the
endpoint which was a word. That is, in the context of [t-d]ask, English listeners were more likely
to identify ambiguous stimuli as task than the non-word *dask. On the other hand, in the context
of [t-d]ash using the same VOT continuum, English listeners were more likely to identify
ambiguous stimuli as dash than *tash. In other words, when presented with the same continuum,
listeners consistently shifted the phoneme boundary on the continuum in the direction of actual
words. The results showed a top-down lexical effect on phoneme categorization: there is a
tendency for listeners to make phonetic categorization that make words. The tendency is also
shown to be greater when auditory information is ambiguous (in Ganong’s case, the stimuli with
sounds around the phoneme boundary on the continuum). As Norris et al. (2000) point out, when
encountering incomplete or suboptimal perceptual input, the best the word recognition system
can do is to identify the lexical representation in long-term memory that best matches the

perceptual input.

Connine et al. (1993), in a series of semantic priming experiments using a lexical

decision task, showed that phonetic similarity, even across phoneme boundaries, may also lead
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to priming. A lexical item could be activated by similar-sounding non-words that deviated in one
or two linguistic features (e.g., voicing in pattern vs. battern), while non-words that deviated by
more than three linguistic features showed no priming effect (e.g., voicing, place of articulation,
and manner in pattern vs. rattern). Along the same lines, Connine et al. (1997) investigated the
relationship between the degree of lexical activation and phoneme perception, and showed that
the detection of a phoneme in non-words was inhibited when the carrier non-word was similar to
a real word (e.g., listeners had more difficulty detecting /p/ in a non-word*penefit with a
phonetically similar real word benefit than in a word like *pulofit with no phonetically similar
counterpart real word). The lexical status of the real word benefit inhibited the perception of the
phoneme /p/ when they heard *penefit, and the inhibition decreased as similarity of the carrier to
a real word decreased (e.g., detecting sh in *shenefit is relatively easier). In other words, the

listeners were biased by lexical information.

To come back to the Korean and Mandarin semantic priming results, we can assume that
at the level of lexical retrieval, it is more difficult to detect the differences between phonetically
similar sounds such as [s], [¢], and [f] when they appear in contexts where they are illegal.
Therefore, it seems plausible that both the Mandarin and Korean listeners might have perceived
the sounds [s], [¢], and [f] in the illegal sequences *[si] and *[¢i] (in the Swapping condition)
and *[fi] and *[fi] (in the Contrastive condition) as phonetically similar sounds that would be
legal in that context, where the legal sequence would constitute a real word. As a result, the real
words from which the illegal primes were modified were activated, facilitating the response to

the semantically related targets. In English, however, though s/sh/f are phonetically similar, the
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stimuli in the Swapping (e.g., [famba]) and Contrastive conditions (e.g., [famba]) were legal.
Upon hearing the legal non-words, the corresponding real words (e.g., samba) were not activated
as readily because of the competing real words in the lexicon, and thus no facilitation was found

in the response times of the following targets.
4.5.1 Testing perceptual repair

To test the hypothesis that the Mandarin and Korean listeners perceived illegal sequences
as phonetically similar legal sequences that activated the corresponding real words, | conducted
a followup experiment. A fourth condition was added in Mandarin with a contrastive sound that
is phonetically more distant from the previous experimental conditions (e.g., [t"], the T
condition). Half of the stimuli contained illegal sequences such as *[thi-jag], and the other half

legal sequences such as [t"i-jan], as defined by the phonotactic restrictions of Mandarin.

The first prediction was that if listeners do perceptually repair the illegal sequences and
map the stimuli to possible real words, we should see no or less priming in the T condition. The
rationale behind this is that the phonetic deviation between the real words and primes in the T
condition (that is, the deviation of *[thi-jag] from the real word [si-jan] ‘breed’) was greater than
the deviation between the real words and primes in the Swapping condition (*[ei-jan] from the
real word [si-jag] ‘breed’) and the Contrastive condition (*[fi-jag] from the real word [si-jan]
‘breed’). The greater phonetic deviation of [t"] from s/sh/f is based on the studies which show
that stricture differences (e.g., [tcontinuant], [+sonorant], [+consonantal]) generate more
perceptual dissimilarity than place—s, sh, and f deviate from one another in place, and s/sh/f

deviate from [t"] in continuancy (see Steriade (2008) and the references there).
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The second prediction was that we should find priming effects or stronger priming effects
only for the stimuli containing the illegal sequences (e.g., *[t"{] in *[thi-jag]), since these are the
stimuli that did not have competitors in the lexicon. The effect of top-down lexical information is
expected to be stronger in stimuli with the illegal sequence. The legal sequences [t"i] in [t"i-jan]
would have other competitors in the lexicon (e.g., [t"i-hwan] ‘change’, [t"i] ‘shave’, [t"i-ts"u]
‘remove,’ etc.), and thus the top-down lexical information is expected to be weaker. Facilitation
in lexical decision is not expected in legal sequences. Examples for the fourth condition, along

with the original design, are listed in Table 4-9.

Table 4-9 Example wordlist with T condition

Same [si-jan] ‘breed’ [ton-wu] “animal’
[ei-jan] “banquet’ [teje-hun] ‘wedding’
Swapping *E:JJZR]] [IOp-v;]/u] ?nlrr;?jl' ,
Mandarin [Fici [teje- un]‘ V\{e ||1ng
Contrastive *[ -jan] [to.g-wu] animat
[fi-jan] [teje-hun] ‘wedding’
llegal *[tMi- -wu] ‘animal’
T Condition °ga E[ 1'Ja13] [top wu] anlmal_
Legal [thi-jan] [teje-hun] “‘wedding’

Another group of 20 Mandarin-speaking participants (10 male, 10 female, aged 18-42)

were recruited for payment in Taiwan for this followup experiment. Their average self-rating of
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English ability was 2.7 on a 7-point scale.?* The same methodology as described in section 4.2

was followed. The results are illustrated in Figure 4-7.%

Figure 4-7  Mandarin T condition lexical decision RT
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The factor Relation was significant in the T condition (F(1,39) =9.211, p<.005). That is,
the targets (e.g., [ton-wu] ‘animal’) following primes that were modified from semantically
related words (e.g., [Si-jan] ‘breed’%*[thi-jag]) were responded to faster than the targets
following the primes that were modified from semantically unrelated words. In other words,

there was still facilitation in retrieving the semantically related lexical items in the T condition.

% The participants in the follow-up study were recruited in a local church in Kaohsiung, Taiwan, not in a university.
As a result, the self-rating of English ability was lower and the age range was wider.

% The assumption of normality was met with the Mandarin lexical decision RTs on the T condition. See Appendix
E.4.
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However, the priming effect was significantly smaller than in the other three conditions (Same vs.
T, Swapping vs. T, Contrastive vs. T, all pairwise comparisons p<.05), as illustrated in Figure

4-8.

Figure 4-8  Mandarin T condition priming effect
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The significant priming effect in the T condition suggests that the corresponding real
words (e.g., [si-jan] ‘breed’) were still activated when the participants heard the modified words
in the T condition (e.g., *[thi-jag]). The activation of the real words in the lexicon facilitated the
lexical decision on the following semantically related targets (e.g., [ton-wu] ‘animal’), as we see
from the faster response times for the related prime-target pairs (solid line) than for the unrelated
prime-target pairs (dotted line). The priming effect in the T condition, however, was less than the
other three conditions (Same, Swapping, and Contrastive). The smaller priming effect suggests
that Mandarin listeners took longer to map the stimuli modified by substituting [th] to the

corresponding real words than in the other three conditions (substituting s/sh in the Swapping
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condition, f in the Contrastive condition). The longer response times were presumably due to

perceptual similarity: [t"] deviates more from [s/¢/f].

In a post-hoc observation breaking the fourth condition into legal (T-legal) stimuli and
illegal stimuli (T-illegal), as shown in Figure 4-9, although we did not see significant interaction
of Legality and Relation (F(1,19)=.014, p=.905), we did see a significant effect of the factor
Relation in the illegal sequences only (T-illegal, F(1,19)=9.173, p<.01). The forms containing
legal sequences did not reach significance (T-legal, F(1,19)=2.587, p=.124). This suggests that
the influence of the top-down lexical information was stronger in the stimuli with the illegal
sequence, *[t"i], since no competitors exist in the lexicon that contain the illegal sequence. The
stimuli containing the legal sequence, [t"i], however, had more competitors in the lexicon, and
thus had weaker influence from the lexicon. In other words, the Mandarin listeners mapped the

illegal stimuli more readily to the corresponding real words than the legal stimuli.

Figure 4-9  Mandarin T-legal and T-illegal lexical decision RT
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To summarize the results of the followup experiment testing the hypothesis of perceptual
repair, the T condition yielded a significant priming effect, and the priming was significantly
smaller than the other three conditions. In addition, the Mandarin listeners responded faster to
targets following illegal primes that were modified by changing [s/¢] of the real words to [t"], but
not to targets following legal primes. This suggests that the Mandarin listeners did perceptually
repair the illegal sequences to similar legal sounding sequences that made words. In other words,
the semantic priming experiments for the Mandarin and Korean groups, because of the illegal
stimuli caused by the distributional restriction, involved a different level of processing from the

English semantic priming.
4.5.2 Summary

To summarize this chapter, we found predicted results from the English group where only
the Same condition yielded a significant effect of Relation, suggesting a priming effect when the
onsets of the primes (s or sh) were identical (e.g., samba primes dance and shadow primes
darkness), but no priming effect in the other two conditions, in which the onsets were modified
(e.g., Swapping: [famba]; Contrastive: [famba]). This supports the contrastive status of s and sh
(and f) in English: no priming relation was found between s and sh, s and f, or sh and f. However,
we did not see the expected results from the Korean group in that the Korean speakers showed a
priming effect in all three conditions, and no evidence was found for the contrastive differences
s/sh vs. sh’/s’. Mandarin speakers showed a similar lack of evidence of a difference in priming

relations between s vs. sh and s/sh vs. f. The results are summarized in Table 4-10. (‘x>y’
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represents ‘x has larger priming effect than y’;*x=y’ represents ‘the priming effect of x is not

different from the priming effect of y.”)

Table 4-10  Summary of semantic priming results

English Same > Swapping = Contrastive
Korean Same ~ Swapping = Contrastive
Mandarin Same = Swapping = Contrastive

I then hypothesized that the similar pattern of the Mandarin and Korean speakers vs. the
English speakers reflected the fact that in Mandarin and Korean (but not English) the altered
primes contained illegal sequences, which | argued are perceived as phonetically similar real
words. A followup experiment (T condition) was designed to test this hypothesis by changing
s/sh to a contrastive sound, [t"], that is phonetically more distant from the previous experimental
conditions in Mandarin that produced illegal sequences for half of the stimuli (e.g., *[thi-jag]),
and legal sequences for the other half (e.g., [t"i-jan]). The results supported this hypothesis,
showing that the T condition yielded a significant priming effect, but the priming was
significantly smaller than the other three conditions (c.f., Figure 4-8), and that Mandarin listeners
responded faster to targets following illegal primes that were modified by changing s/sh of the
real words to [th], but not to targets following legal primes (c.f., Figure 4-9). The results support
the hypothesis that the priming patterns in Mandarin and Korean resulted from a perceptual

repair of illegal sequences at the level of lexical retrieval.

To come back to the initial rationale for the experiment, we expected the comparison of
Korean vs. Mandarin to shed light on the contribution of alternations vs. distributional evidence
alone in establishing sounds as members of a single phoneme category. However, because the

112



use of illegal sequences (an inevitable outcome of substituting sounds in word contexts when
these sounds are distributionally restricted) wiped out any possible effect of one-category vs.

two-categories, the results do not provide evidence for the role of alternations vs. distribution.

The following chapter summarizes the results of the three experimental probes in the
dissertation and concludes from the fact that the results did not yield a uniform pattern that there
is no simple yes-or-no answer to decide that two sounds belong to a single category. Instead, the
results suggest that the assignment of sounds to phoneme categories is gradient rather than
absolute depending on both distribution and alternation. The implications of the results for

different phonological theories will also be discussed in Chapter 5.
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Chapter 5 Conclusion

This chapter begins with a review of the results of the experiments reported in previous
chapters (section 5.1), followed by discussion of the implications of these results, first for the
analysis of Mandarin fricatives and then for different phonological models (sections 5.2 and 5.3).

I then discuss directions for future research (section 5.4).

5.1 Summary and conclusions

This dissertation began with the question of what sort of evidence causes native speakers
to analyze two sounds as members of a single phoneme category. The goal was to investigate the
contribution of two different types of evidence, distribution and alternation, to the processing of
two coronal fricatives in three different languages: (i) English, in which the two sounds may
occur in the same contexts, where the contrast between s and sh may signal differences in
meaning (as in see vs. she), though the two sounds participate in limited morphological
alternations; (ii) Korean, in which s and sh are in complementary distribution and participate in
regular and productive morphological alternations; and finally (iii) Mandarin, in which s and sh
are in complementary distribution but do not participate in allomorphic alternations. The

different phonological relationships of the three languages are summarized in Table 5-1.
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Table 5-1 Languages

Mandarin Korean English
Distribution \ V
Alternation \ ()

The relationship between these two sounds in Mandarin has been a matter of controversy,
with some researchers analyzing these sounds as independent phonemes (Cheng 1973; Yip 1996)
and others analyzing them as variants of a single phoneme (Duanmu 2007; Wan 2010). Two
hypotheses, the Distribution Alone Hypothesis and the Distribution Plus Alternation Hypothesis,
were tested. If distributional predictability in the absence of alternations is a sufficient condition
for causing speakers to group sounds into a single phonological category, as is the case for s/sh
in Mandarin, we expect the results from the Mandarin group to be similar to those from the
Korean speakers (Distribution Alone Hypothesis). If both distributional predictability and
alternation are necessary to cause speakers to group sounds as a single category, then we expect
the results from the Mandarin group and from the English group to pattern similarly
(Distribution Plus Alternation Hypothesis). The predictions of the two hypotheses are
summarized in Table 5-2.

Table 5-2 Predictions

Distribution Alone Hypothesis

Mandarin Korean English
Distribution \ V
Alternation \ ()
Distribution Plus Alternation Hypothesis

Mandarin Korean English
Distribution \ V
Alternation V ()
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Three previously established methods showing that variants of the same phoneme are
processed differently than contrastive phonemes were used to probe the way in which speakers
analyze the relationship between s and sh. These probes, however, did not yield consistent results.
The experiment testing similarity ratings of s and sh for English, Korean, and Mandarin speakers
was discussed in Chapter 2. Following previous work demonstrating that speakers tend to rate
sounds that are allophonic variants in their language as more similar than sounds that are
assigned to discrete phoneme categories, participants were asked to rate the similarity of s and sh
([¢] and [f]), along with two other fricatives (f, h), embedded in three vowel contexts, [a_a], [i_i],
and [u_u]. As expected, the Korean listeners, in whose language s and sh are in complementary
distribution and participate in productive morphological alternations, rated these sounds as more
similar than the English listeners did. The Mandarin listeners also rated the two sounds as
significantly more different than did the Korean listeners. This suggests that the Mandarin
speakers, with exposure only to distributional evidence, are less likely to group s and sh as
members of the same category than Korean speakers, who are exposed to both distributional
evidence and morphological alternation. Consequently, these results support the hypothesis that
distribution alone is not sufficient to define phonological relationships (Distribution Plus
Alternation Hypothesis). However, we also found that the similarity judgments for speakers of
all three languages varied depending on the vowel context, even for the English speakers, in
whose language s and sh may contrast in all the phonological environments included in the study.
The effect of vowel context on similarity judgments suggests that there is not necessarily a
simple answer to the question of whether speakers group two sounds as members of a single

category or discrete categories.
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The second experiment, reported in Chapter 3, tested English, Korean, and Mandarin
speakers’ discrimination of sounds on an eight-step synthesized s-sh continuum. The accuracy
results of this experiment did not yield a difference in the speakers’ ability to discriminate the
two sounds according to their language background. Therefore, these results did not support
either of the posited hypotheses. In fact, the response time results seemed to contradict the results
of the first study, in which English and Mandarin speakers patterned together in contrast to
Korean speakers. In the discrimination study, the response times of the English and Korean
groups turned out to be shorter than those of the Mandarin group, and did not vary according to
different fricative pairs, whereas the Mandarin speakers took longer in discriminating the stimuli,
and showed different response times for different fricative pairs. | pursued the possibility that at
least for some language groups, the experiment tapped into acoustic/phonetic rather than
phonological processing, due to the limited linguistic information (i.e., frication only) provided,
an interpretation that would explain the discrepancy between the results of the similarity rating
and discrimination experiments. | proposed that only the Mandarin speakers were processing the
stimuli as linguistic, which is reasonable given the fact that Mandarin has syllabic fricatives.
English and Korean do not have syllabic fricatives, so it makes sense that the English and
Korean speakers would process the stimuli as non-linguistic and respond only to acoustic

differences.

The third experiment, discussed in Chapter 4, investigated the extent to which forms
containing s primed forms containing sh, and vice versa. The results showed that for English

speakers, s and sh did not show a priming relationship, parallel to the results for s/sh vs. other
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contrasting sounds. These results are consistent with the contrastive status of s and sh in English.
However, for Korean and Mandarin speakers, a priming relationship was found not only between
s and sh but also between these sounds and clearly contrasting sounds (f in Mandarin, and sh’/s’
in Korean). | pursued the possibility that this unexpected effect resulted from the fact that some
of the Mandarin and Korean forms contained illegal sequences, in which sounds were placed in
vowel contexts where they do not normally occur (an inevitable outcome of substituting sounds
in word contexts when these sounds are distributionally restricted). | suggested that speakers who
heard the illegal sequences perceived them incorrectly, as containing the closest consonant that
would be legal in that environment. Thus, the results did not provide evidence for the role of
alternations vs. distribution, but instead reflected a perceptual repair at the level of lexical

retrieval. Future research on the hypothesis of perceptual repair is suggested in section 5.4.

The results from the similarity rating experiment suggested that the evidence for
assigning s and sh to a single category is stronger for Korean than for Mandarin speakers,
supporting the Distribution Plus Alternation Hypothesis. Although the results from the
discrimination and semantic priming experiments were inconsistent with the similarity ratings
and in fact did not lend support to either of the hypotheses, these results may have reflected
acoustic and lexical rather than phonological processing. Taken together, the results of these
experiments further strengthen the view that different factors (distribution, alternation,
phonological context, lexical context, etc.) may contribute to how listeners perceive the
relationship between two sounds, and that phonological relationships may be gradient rather than

categorical (Hall 2009).
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The findings from the dissertation have several implications for the analysis of the
Mandarin phoneme system and for models of the phonological grammar. I will first discuss the
implications for the analysis of Mandarin palatal fricatives (section 5.2) and then the implications

of these findings for different phonological models (section 5.3).

5.2 The analysis of Mandarin palatal fricatives

The controversy surrounding the analysis of Mandarin palatals results from the fact that
the three palatals [¢, t¢, t¢"] do not occur in the same contexts as three other series: the velars [x,
k, k", the dentals [s, ts, ts"], and the retroflexes [s, ts, ts"]. Under the assumption that as much
redundant/predictable information should be removed from underlying representations as
possible (following a principle of economy)—an assumption shared by many researchers in
structuralist and generative phonology (Hockett 1942; Chomsky & Halle 1968; Clements
2003)—this complementary distribution “supplies pressure to eliminate the palatals as phonemes,

and derive them from one of the other series” (Yip 1996: 770).

The assumption of economy is not uncontroversial (Prince & Smolensky 1993; Inkelas
1995; Yip 1996; Kager 1999; Kramer 2004). However, even accepting the assumption that
palatals should be derived from one of the sequences with which they are in complementary
distribution, the lack of morphological alternations makes any of the following analyses equally

possible (c.f., Table 1-7 and the discussion in section 1.3.3).
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Table 5-3 Analyses of Mandarin palatal fricatives

a. Surface palatals derived from underlying velars

Ix, k, K" >[e, te, t¢"] e.g., Chao (1934), Lin (1989), Chiang (1992), Wu (1994)
b. Surface palatals derived from underlying palatals

le, te, t¢"/ D¢, te, t¢"  e.g., Tung (1954), Cheng (1973), Yip (1996)
c. Surface palatals derived from underlying dentals

s, ts, ts"1 S|, te, te" e.g., Hartman (1944), Duanmu (2007)

Diachronically, there is a basis for deriving surface palatals from other sounds, since the
palatals are residues of two historical processes, velar palatalization and dental sibilant
palatalization (Dong 1958; Cheng 1973).%° As a consequence, some researchers have argued,
based on etymological evidence, that some palatals should be derived from underlying dentals,

and others from underlying velars (Cheng 1968).

Turning to synchronic evidence, Chao (1934), along with other researchers (Lin 1989;
Chiang 1992; Wu 1994), argues that the palatals [, t¢, t¢"] should be identified with the velars /x,
k, k"/. The arguments come from palatal-velar alternations in two areas: word games and
onomatopoeia. The word game normally infixes [ai.K] inside a syllable between the onset and the
rhyme (e.g., [ma]->[mai.ka]), as shown in (a-c) in Table 5-4. However, when the vowel of the

original syllable is high, the infixed consonant is [t¢] rather than [k], as in (d).

% The analysis of [¢, t¢, t¢"] as underlying /s, ts, ts"/ has not been proposed in the literature presumably because the
two series are etymologically unrelated (Chao 1934).
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Table 5-4 [K]~[t¢] alternation in May-ka language game (Chao 1931, 1934)

a. ma - mai.ka
b. t"a > taika
C. Kwyp = Kk'waikoy
d.Jip > ljai.teig

The onomatopoeic expressions illustrated in Table 5-5 consist of reduplicated disyllables,
where the first two syllables contain front vowel [i], and the last two syllables contain back
vowel [u]. Crucially, the onsets of the first and third syllables are identical in (a), but in (b), [¢]

appears before the front vowel and [k] before the back vowel.

Table 5-5 Onomatopoeia CV = Ci li Cu lu

a. tilitulu ‘slurping’
b. eilixulu ‘eating fast’

These data showing alternations between the palatals and velars have been used to argue for
palatals as underlying velars. However, Cheng (1973) argues that these patterns may be just a
historical residue and should not affect synchronic phoneme categorization. Cheng thus
concludes that palatals should be considered underlying segments because “although there are
pieces of information favoring [palatals as underlying velars], there is no overwhelming evidence
that | can find to support this view.... | have found no relation between the palatals and the other
distributionally complementing series” (Cheng 1973: 40). Yip (1996) came to the same
conclusion that the palatals should map faithfully to the underlying representation, based on the
Optimality Theory notion of lexicon optimization—surface forms with the fewest violations of

high-ranked constraints are assumed to faithfully map onto the underlying representation (Kager
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1999)—that “learners will naturally internalize the forms closest to the surface, absent paradigm

pressure [systematic morphological alternation] to do otherwise” (Yip 1996: 757).

Still another view is that the Mandarin palatals are derived from underlying dentals.
Duanmu (2007) argues, on the basis of the distribution of glides, that [¢] is actually a surface
realization of the consonant-glide combination (CG) /sj/ (/sa/->[sa] vs. /sja/l=>[¢a]; /so/>[s0] vs.
Isjo/->[¢0]). Duanmu further strengthens his argument that [¢] should be derived from
underlying /sj/ by noting a variety of Mandarin Chinese in which the CG combination is

pronounced as [s'], instead of [¢].

Wan (2010) designed four experiments to investigate the psychological status of the
palatals: onset similarity, sound contraction, sound similarity, and sound expansion. The
experiments used a misguide method (Jaeger 1986) in which the participants were given sound
sequences that are illegal (e.g., *[si], *[xi], *[si]), and were told that the palatal series (the sounds
that would create legal sequences in this context, e.g., [¢i]) were missing. The participants then
were asked to choose the perceptually closest sequence to [¢i] from the three illegal sequences.
The tasks were designed to determine which series—dentals, velars, or retroflexes—the
participants identified most closely with the palatals. The results showed that participants
favored the dentals in replacing the palatals significantly more often than the other series (the
retroflexes and velars). Wan concluded from this asymmetrical response that the palatals should
not be analyzed as independent underlying segments, and instead should be derived from the
dentals. However, one can argue that the results only show that the palatals are perceptually

more similar to the dentals than to the velars and retroflexes, but do not establish that palatals
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should be derived from underlying dentals. Furthermore, since the experiments employed stimuli
with full syllables, one can also argue that the participants might have perceived the illegal

sequences incorrectly, as argued for in discussion of the semantic priming results.

The results from the experiments in this dissertation provide new evidence bearing on
this long-standing debate on the status of Mandarin palatal fricatives. Rather than comparing the
similarity among the palatal fricatives and the other series within Mandarin, as in Wan’s (2010)
study, | compared Mandarin speakers’ behavior with respect to s and sh with the behavior of

speakers of other languages in which these sounds are in contrast or are closely related.

Because this dissertation compared the dental and palatal sounds only, the two series that
are argued to be related in Duanmu (2007) and Wan (2010), we cannot rule out the possibility
that Mandarin speakers identify the palatals with velars or retroflexes. It will be left for future
research to carry out similar experiments with the other series of sounds (i.e., palatal-retroflex

and palatal-velars) to see if the same results hold.

5.3 Implications for phonological relationships in phonological theory

Phonological models differ in terms of their assumptions about sound relationships.
Therefore, the findings in this dissertation also have implications for the assumptions and
definitions made by different phonological models. Because the discussions of phonological

relationships are abundant in the linguistic literature, a full treatment of this issue in different
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frameworks goes beyond the scope of this dissertation. I will focus on the following three

questions:

1.  Are sound relationships categorical or gradient (Goldsmith 1995; Hall 2009)? Must two
sounds be either variants of the same category or of different categories, or can sound
relationships fall somewhere on a continuous scale between contrast and allophony?

2. Do learners attempt to minimize the number of phonemes in lexical representations by
deriving all predictable variants from a single phoneme? In other words, is the assumption
of economy in the phoneme inventory desirable in a phonological analysis?

3. What type of evidence causes speakers to group sounds as members of the same or
different category? Is distributional predictability sufficient to cause learners to assign two

sounds to a single category, even in the absence of morphophonological alternations?

5.3.1 Categorical vs. Gradient

The finding that similarity ratings of s/sh from English, Korean, and Mandarin speakers
varied depending on the vowel context and on the lack of consistent patterning within a language
on the three experimental tasks suggests that there is not necessarily a simple answer to the
question of whether speakers group two sounds as members of a single category or discrete
categories. These findings cast doubt on approaches in which sound relationships are considered
to be strictly categorical, supporting the position that phonological relationships may fall
somewhere between contrast and allophony (e.g., Crowley 1998; Kristoffersen 2000; Moulton
2003; Ladd 2006; Rose & King 2007; Scobbie & Stuart-Smith 2008). In this camp, Hall (2009)

argues, based on the degree of predictability, that “there are phonological relationships that are
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neither entirely predictable nor entirely unpredictable, but rather belong somewhere in between
these two extremes” (Hall 2009: 307). Hall proposes that the phonological relationships of
surface sounds fall on a continuum depending on the extent to which the occurrence of a sound

is predictable from its context, as in Figure 5-1.

Figure 5-1  Varying degrees of predictability of distribution along a continuum
(Hall 2009: 16)

D0 @ @ @

Non-overlapping O_ver!app_ing
distribution distribution

Hall examines only the role of predictability from distribution, but acknowledges that “it is
certainly not the case that distribution alone can accurately determine all phonological
relationships. Nonetheless, in many cases, predictability of distribution is used as both a
necessary and a sufficient condition for determining contrast and allophony” (Hall 2009: 11).
Thus, although Hall’s Probabilistic Model of Phonological Relationship (PPRM) assumes a
notion of gradience that is drawn on a single dimension (predictability of distribution), she does
not rule out the view of gradience proposed in this dissertation, in which multiple factors (e.qg.,
distribution and alternation) may interact in determining the phonological relationships among

sounds of a language.

Exemplar models (e.g., Goldinger 1996, 1997; Johnson 1997; Bybee 2001; Pierrehumbert

2001a, b; Bybee 2003; Pierrehumbert 2003a, b; Johnson 2005a, 2006; Pierrehumbert 2006a),
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also provide a natural account of gradience. In at least some exemplar models, all heard
utterances are assumed to be stored, and grammar emerges as generalizations over these stored
utterances. These generalizations are structured as a cognitive architecture in which fewer
connections between two surface sounds signal contrast, and denser connections signal
allophony. These gradient relationships in exemplar approaches can be defined by multiple
dimensions in the cognitive structure minimally including generalizations over phonological
environments, morphological paradigm, and phonetic similarity (Pierrehumbert 2003a). Thus, in
exemplar models, as in PPRM, the relationships are presumably gradient as well, and gradience

may be drawn from multiple dimensions.

5.3.2 Economy

If learners seek to minimize the number of phoneme contrasts in lexical representations,
we would expect both Korean and Mandarin speakers to derive surface s and sh from a single
underlying category. However, the results of the similarity ratings showed that the Mandarin
speakers, like the English speakers, rated s/sh, two sounds with predictable distribution, as more
different than did the Korean speakers, whose language provides evidence from both distribution
and alternation for assigning these sounds to a single category. The results suggest that redundant
information (e.g., the predictable distribution of Mandarin palatals) need not force sounds in
complementary distribution to map onto the same underlying representation. These findings
seem to challenge phonological approaches that assume economy in phoneme analysis, such as
the traditional structuralist approach (e.g., Hockett 1942) and the SPE-type generative approach

(The Sound Pattern of English; Chomsky & Halle 1968).
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On the other hand, in output-based Optimality Theory (OT; Prince & Smolensky 1993),
economy is generally assumed to play a much more limited role. Most researchers in OT assume

no restrictions on the content of underlying representations, assuming Richness of the Base:

(2) 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, the predictable distribution of Mandarin palatals does not

pose a problem at the level of underlying forms.

In approaches that abandon the notion of separate surface and lexical levels, the economy
of underlying representations is irrelevant. Johnson (2005b, a) argues for exemplar-based
generalizations over abstract category prototypes, on the basis that “if some sort of exemplar
storage system is needed anyway, and if such a system can exhibit generalization behavior then
why would one posit a parallel, totally redundant, prototype system?” (Johnson 2005b: 35).
Though the concept of economy is irrelevant for exemplar-based models, the lack of an abstract
level of underlying representations makes the implications of the results for this approach

unclear.

5.3.3 Distribution vs. Alternation

The third question concerns the contributions of predictable distribution and
morphological alternation, the two factors tested in this dissertation. In an Optimality Theory

approach, in which the notion of Lexicon Optimization forces deriving two sounds from a single
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sound only when they are contained in a morpheme that alternates, the role of morphological
alternation is made explicit (Inkelas 1995; Yip 1996) while distributional predictability in
grouping sounds as the same underlying representation is diminished. The results of the
similarity rating experiment, in which the Mandarin speakers rated s/sh as more different than
did the Korean speakers, are consistent with the view that the additional evidence from
alternation that the Korean speakers are exposed to had an effect. These findings suggest that
alternation, as well as distribution, affects the grouping of s/sh, supporting models in which
multiple factors (e.g., distribution, morphological alternation, and phonetic similarity) may all

contribute to the formation of sound categories.

To sum up the discussion above, the findings in this dissertation are consistent with
models in which phonological relationships are gradient rather than categorical, in which
economy does not force the exclusion of redundant information in underlying representation, and

in which multiple factors may contribute to the formation of phoneme categories.

5.4 Future Research

Several important questions have emerged from this dissertation. To conclude, | will
outline some additional questions and three areas for future research to address these questions:
the effect of orthography, the weighting of different factors determining phonological

relationships, and the ‘perceptual repair’ hypothesis suggested in the priming experiment.
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The first question involves the role of orthography in the perception of s and sh in these
three languages. As mentioned in 3.2, Korean s and sh are represented with the same
orthographic symbol *~’, which is pronounced as sh when the following vowel is a high-front
vowel/glide, and s elsewhere. On the other hand, English s and sh are generally represented with
different spellings (e.g., see, she) though sometimes with the same or similar spelling (e.g., sure
[fD. In Mandarin, the standard writing system is non-alphabetic. However, a phonetic system is
used as well, as is taught to school-age children (Zhuyin Fuhao/Bopomofo in Taiwan, and Hanyu
Pinyin in China). In this system, s and sh are represented with different phonetic symbols: s is
represented with *Z.” in Zhuyin Fuhao and ‘s’ in Hanyu Pinyin, and sh is represented with * T’
in Zhuyin and ‘x’ in Pinyin. School-age children learn the phonetic systems before the
ideographic system. To determine whether the orthography affected the results of the
experiments, one area for future study is to see if the same results hold for pre-school age

children.

The second question concerns the weighting of different factors determining
phonological relationships. To what extent can alternation, independent from other criteria (e.g.,
predictability of distribution or phonetic similarity) lead learners to group sounds together? Is
there an inherent bias, or is the weighting of different factors derived from different degrees of
exposure? This question could be explored by using artificial language learning experiments in
which different factors are manipulated. This direction of research also has implications for
theories of language change, specifically for explaining phoneme merging or splitting in the

history of a phoneme system. If learners are inherently biased toward using certain criteria in
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grouping sounds as the same category, then those criteria are expected to enhance the merging of

different phonemes.

A third direction for future research involves testing the hypothesis that in the priming
experiment, Mandarin and Korean speakers heard illegal sequences as legal ones, due to a
‘perceptual repair’ of the illegal stimuli at the level of lexical retrieval. Since the hypothesis is
that the repair happens at the lexical level, we expect to see different processing of the same
illegal sequence when it is embedded in lexical contexts. A well-established component,
Mismatch Negativity (MMN), in the Event Related Potential (ERP) literature can be pursued to
look into the hypothesis of perceptual repair at the lexical level. MMN is a negative-going shift
of the electrical brain activity (electroencephalogram, or EEG) upon 100 ms to 250 ms after a
(discriminable) change in acoustic stimuli that can be elicited even in the absence of attention
(e.g., Dehaene-Lambertz 1997; N&atanen et al. 1997; Naatanen 2001; Eulitz & Lahiri 2004; Luck
2005; Naatanen et al. 2007).%” Steinberg et al. (2009, 2010) investigated the effects of language-
specific phonotactic restrictions on pre-attentive auditory speech processing by native speakers
of German. In German, a vowel and a following dorsal fricative (the palatal [¢] and velar [X])
agree in their phonological specifications for tongue backness; in other words, the palatal

fricative [¢] can only occur after a front vowel, and the velar [x] can only occur after a back

%" The discriminable auditory change could be a simple sound such as a sinusoidal tone, or a complex sound such as
a phoneme, or a complex spectrotemporal pattern (Naatanen 2001).
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vowel. Steinberg et al. (2010) looked at two comparisons, *[o¢] and [e¢] vs. [of] and [ef], in
which the first comparison contained a phonotactically illegal syllable. The results showed that a
MMN corresponding to the vowel changes (around 100 ms to 120 ms) was observed for both
comparisons; however, an additional MMN occurred approximately 350 ms after the onset of the
stimuli was found only for the first comparison that contained the phonotactically illegal syllable.
Steinberg et al. suggest that this additional MMN reflects the phonotactic ill-formedness of *[o¢].
Along the same lines, we would expect the comparison of *[si] and [¢i] to elicit a MMN
corresponding to the consonant change as well as the additional MMN corresponding to the ill-
formedness of *[si] in Mandarin speakers’ pre-attentive auditory speech processing. If the
perceptual repair occurs at the level of lexical retrieval—that is, if Mandarin speakers hear the
illegal sequences incorrectly as the phonetically closest legal sequences—we would expect to see
this additional MMN go away when the illegal sequence [si] is embedded in word contexts (e.g.,

comparison of *[si-jan] and [ei-jan] ‘breed’).

To conclude, the findings of the dissertation suggest that there is not a simple answer to
whether speakers group two sounds as members of a single category or discrete categories, that
phonological relationships may be gradient rather than categorical, and that the two factors tested,
distribution and alternation, may both contribute to how listeners perceive the relationship
between two sounds. Much work has to be done to tease apart the relative contributions of

different factors. The dissertation suggested future directions in this respect.
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Appendix A. English ability questionnaire

Participant number:

Email:

Age:

Gender:

Language Group:

» What languages do you speak?

» Self-rated English ability

Very bad Very good

1 2 3 4 5 6 7
Listening 0 0 0 0 0 0 0
Speaking O 0 O O 0 0 0
Reading O 0 O O 0 0 0
Writing O 0 O O 0 0 0
Overall 0 0 0 0 0 0 0
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Appendix B. English/Mandarin/Korean Semantic priming wordlist

B.1  English

Prime Target Stimuli Relation
1 Sunday Monday S related
2 saddle horse S related
3 samba dance S related
4 sapful tree S related
5 satan devil S related
6 second first S related
7 sender mail S related
8 senior junior S related
9 sentence phrase S related
10  sequel prequel S related
11 servant master S related
12 sibling brother S related
13 secret whisper S related
14 sonic hedgehog S related
15 suffer pain S related
16  sultry sexy S related
17 supply demand S related
18  silver gold S related
19 sabbath bags S unrelated
20  sadden holy S unrelated
21  salad depress S unrelated
22 saucy us S unrelated
23 safety waltz S unrelated
24 segment dressing S unrelated
25  session beachball S unrelated
26  silent evil S unrelated
27  sober tomato S unrelated
28  subject pin S unrelated
29  succeed letter S unrelated
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30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

sullen
summer
summon
symbol
sanction
simple
saying
shabby
shackle
shadow
shepherd
shinbone
shiver
shoulder
shouting
shovel
shifty
sherlock
shop_front
sharing
shimmy
shoddy
shatter
shaker
sharpen
shapeless
shoelace
shotgun
shudder
shuffle
shading
shaking
shamble
shanty
sheriff
sheep_dog
sheepish
sugar
shameless
shelter
shutter
shoofly

place
piece
ring
verb
smoke
running
boring
shack
chain
darkness
sheep
leg
cold
arm
yelling
dig
eyes
holmes
window
caring
shake
work
glass
salt
pencil
cowboy
sodden
cheese
police
church
pizza
crosswalk
measure
citizen
book
writing
only
noise
warehouse
success
hot
magic

unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
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72
73
74
75
76
77
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84
85
86
87
88
89
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91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113

shameful
linking
medial
looking
carry
tunnel
nasty
lecture
battle
manage
behind
tattoo
beauty
modern
partial
body
passage
priceless
nothing
purpose
massive
pillar
profile
cover
mortal
tonight
table
prepare
listen
notice
daybreak
morning
problem
custom
beneath
building
careful
topic
ready
danger
conceal
torture

relax
notice
make
publish
world
nothing
cute
proven
pattern
boomer
road
gradient
involve
future
filler
acquire
Spain
topic
table
corm
bartle
pragle
daver
prend
tuspy
lapic
zibble
hame
jashly
fashy
dop
lork
timble
vink
withyard
gamper
reparn
unham
preed
billump
thimmel
hobben

sh
filler
filler
filler
filler
filler
filler
filler
filler
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unrelated
word
word
word
word
word
word
word
word
word
word
word
word
word
word
word
word
word
word
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
pseudowords
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114
115
116
117
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123
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127
128
129
130
131
132
133
134
135
136
137
138
139
140
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142
143
144
145
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147
148
149
150
151
152
153
154
155

posture
belly
paper
despite
narrow
chuckled
genius
quarter
begin
toddler
complete
remove
toward
correct
patient
dozen
temples
bottom
regret
pattern
meeting
parent
really
castle
enter
presence
painter
rather
tension
private
maybe
perfect
desert
produce
upright
embrace
utter
appear
concept
request
escape
bathroom

whickle
repind
jamed
mank
plisher
tammock
detrite
pogin
flottler
ringuin
preel
drepo
fillger
linety
crinnet
pastrel
hostire
bluve
mixelle
lorp
gleep
vuggle
pultace
wronk
boik
plinky
quimmed
linket
abmute
oblimp
infish
seegre
ogril
unjim
outpill
capdime
drim
clagger
maggle
unkim
aspill
zeen
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156 barely brupy filler  pseudowords

157 affect ropple filler  pseudowords

158 output krinky filler  pseudowords

159 order obdupe filler  pseudowords

160 transform pitkin filler  pseudowords

161 observe linreed filler  pseudowords

162 wooden treeple filler  pseudowords

163 prayer skince filler  pseudowords

164 ancient sadpin filler  pseudowords

165 author jupin filler  pseudowords

166 able kilpat filler  pseudowords

167 even grettale filler  pseudowords

168 crystal brigga filler  pseudowords

169 concern prand filler  pseudowords

170 writing gannet filler  pseudowords

171 translate whabed filler  pseudowords

172 unstable vindle filler  pseudowords

173 become hollut filler  pseudowords

174 cancer hing filler  pseudowords

175 only dretty filler  pseudowords

176 partner gonale filler  pseudowords

177 open potbill filler  pseudowords

178 promise retupe filler  pseudowords

179 open linreed filler  pseudowords

180 promise treeple filler  pseudowords

B.2 Mandarin

Prime Target Stimuli Relation

1 ¥R xiguan p iR ziran sh related
2 a oA xigua g = Xiatian sh related
3 7 Xiyou % ¥ zhengue sh related
4 % Xixiao BE numa sh related
5 B xiguanl Aokt yinliao sh related
6 LR Xinu 3 shenggqi sh related
7 o xifang N dongfang sh related
8 4w xifu E: 387 puopuo sh related
9 X xiyan k= jiehun sh related
10 B4 xinchu b iy xihuan sh related
11 Fk xinshui & gian sh related
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xinguang
xinyang
Xiyang
xihuo
xinging
xinshang
xingwei
xiwang
xiyin
Xizao
xishuei
xire
xifeng
xinwen
xinku
xinren
Xinzuo
xinxiang
xinshe
xinze
xingyun
xingmin
xinrenl
xinxing
xingwu
sewe
sehu
seliao
seli
sepiao
seliang
sefong
sechuan
sepuo
seyang
semiao
sewen
sechou
seyou
sesing
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dadao
zonjiao
Xixia
paomao
yukuai
meinu
juzhi
yichien
shetou
jizhe
gongzuo
xuexing
pengyou
xinxin
zhishi
zuefan
duanzhuang
dianhua
baise
zixin
hauhue
pupai
zhejiao
tishen
zhenzhe
bade
haoxiang
ji
xuexiau
bangjia
kaulu
shenmin
mala
lian
chongwu
heshang
yangjing
selu
caichan
fanren
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biaoshi
pubu
muliao
duchang
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172 ¥ % pinguo TR sanguo filler pseudoword
173 #& = tigian g% wanfou filler pseudoword
174 & % chiaoding  #i% xukang filler pseudoword
175 R4 guanjian gl chedao filler pseudoword
176 4@ taolun B R wendu filler pseudoword
177 RAL yiti F Ik nixiou filler pseudoword
178 pk& yanchong  #&° tuefang filler pseudoword
179 # B lingchen B ronghuo filler pseudoword
180 =% gonggong + % caike filler pseudoword
B.3  Korean
Prime Target Stimuli Relation
1 <l 20| s unrelated
2 S o3 s unrelated
3 s8 E0IE s unrelated
4 =) i < s unrelated
5 SAH =p) s unrelated
6 AE == s unrelated
7 =k = s unrelated
8 == bt & s unrelated
9 53 X s unrelated
10 SsXt s s unrelated
1 A4 A s unrelated
12 &4 H= s unrelated
13 &KX nej s unrelated
14 &= = s unrelated
15 =8 &8 s unrelated
16 A4 Ot= S unrelated
17 A& =N s unrelated
18 & wt cf s unrelated
19 Al JH Ol sh unrelated
20  AILH Hiet sh unrelated
21 AlGI RE] sh unrelated
22 AH <& sh unrelated
23 A& Ol sh unrelated
2N - gl X sh unrelated
25 Al = sh unrelated

153



26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

b J2 200 0H o 2 00X foh 0 M MO OX O JT == 04 12

(]

O > ml> O ml> O [> My > [>0z ===z zJz==

x

Yu

o> ol
£

o> O ml> > >
S Q[ H

===
=

J7 Y

> Iy
Q4

> >
4T N fJ 09 MO O O

=TI

J
£ 240 H M

H

i Ch
Oh&t
=
=

=
ARt
e
=

B A

2~ 0H X[ D]

TH
XI5
b
ip
52t

| Tl
U H

Iz W

M

Z 4J o 0x B 1= 01T 2 MB O = N2 0 22 HH
J

0 4n et JA

w nwu nu nu unu nu nu nu nu nu unu n un nu nu unu unu um

n 0 0 N u nu unu nu un unu v
0 O O O 5SS O o5 O O o o

unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
unrelated
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related
related




66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105

O

0¥ WX Mx > = x>
09 > &= fob 2t (i 0

o =

&
I

c

Ml

< Jjp O J2 HU K
FO OB 23 M M

0¥ 0F HM H4E T
Jn o iy & e

0 £ e W oY OH K

Mo & 1O = 40 mE > 4T 40

O 0
Z

o2l
5]
221

2

Of NQ |5 r2 A Off 12 0
0x & 44 40 = 0x

sh
sh
sh
sh
sh
sh
sh
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler

related
related
related
related
related
related
related
word
word
word
word
word
word
word
word
word
word
word
word
word
word
word
word
word
word
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword




106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145

S 200 m
HU U == rE e

i
r

0 2 00 rA o o

H

ST E G0 oY JE IS0 0 JY HE

uc 0 o 4n ne JE | A

Pl

B2 M2 2 0 JE
[

> 212 O Mo

U e
12

02

J3 120 0T B O e
Uy of 00 JY 0z ¥ o 1y =

0N 20N e o mor

O = Jo M O re

T
_=

filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler

pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword




146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

Il of
=%
7Y
w2l

c g
L

£
O &I
SIS
[e> N e)
ord
=4l
=M
2+ X|
= g
Et=A
IH o

4J
Jn

W ar
0x | >

r

O

X >H 00 0T
HU S Moz & A | >

mm

| HM

H
H1

r E
0x 04

Cr2l
oS
e
oS
=S
y3b]

PN
[=a=]

Hat|

Yaa|

£ 0 JT o

| J0 02 02 Hn 02 re J¥Y rl0 nY o
>.

M H
T oy
o

< B>

o >t
ol <iS

0 0t JC I
A I [ 0z & 03 HO 10
C

2 HU 0¥ N
30

0
I

=5]
o
ot

OHE
=

filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler
filler

pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword
pseudoword

157



Appendix C.

English semantic priming wordlist (real words shaded)

English
sh word s word
shabby shapeless Sunday->fun day sabbath
shackle shoelace saddle sadden
shadow shotgun samba salad
shepherd shudder sapful saucy
shinbone shuffle satan safety
shiver Shading->fading second segment
Shoulder—>folder Shaking->faking Sender—>fender session
shouting shamble senior silent
shovel shanty sentence sober
shifty sheriff sequel subject
sherlock sheep dog servant succeed
shop front sheepish sibling sullen
sharing sugar secret summer
shimmy Shameless—>fameless | Sonic—>phonic summon
shoddy Shelter—>filter suffer symbol
Shatter—>fatter shutter sultry sanction
shaker shaker supply simple
sharpen shameful silver saying
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Appendix D. Log transformed results on semantic priming

D.1 Mandarin

The mean logged RTs and the priming effects (the difference between Related and
Unrelated) for the three experimental conditions are shown in Table D-1 with standard
deviations in parentheses, and are illustrated in Figure D-1. (The x axis represents the different
conditions and the y axis represents the logged response times; *: p<.05; **: p<.01; ***: p<.001;

n.s.: not significant).

Table D-1 Mandarin lexical decision logged response time

RelationCondltlon Same Swapping Contrastive
related 2.99 (.045) 3.00 (.04) 3.01 (.05)
Unrelated 3.04 (.04) 3.04 (.04) 3.04 (.05)
Priming effect .05 .04 .03

A two-way ANOVA was run (Condition: Same, Swapping, Contrastive x Relation:
related or Unrelated) across participants. There was a main effect of Relation (F(1, 57) =
187.498, p<.001). Planned comparisons showed that targets preceded by related primes were
identified more quickly than unrelated primes in all three conditions (Same F(1, 19)=76.573,

p<.001; Swapping F(1, 19)=51.882, p<.001; Contrastive F(1, 19)=77.189, p<.001). Simple effect
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of Condition in related was not significant (F(2, 60)=1.125, p=.332) nor does the simple effect of

Condition in Unrelated (F(2, 60)=.034, p=.967).

Figure D-1  Mandarin lexical decision logged response time
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Loggedresponse time

Same Swapping Contrastive

D.2 English

The mean logged RTs and the priming effects (the difference between Related and
Unrelated) for the three experimental conditions are shown in Table D-2 with standard

deviations in parentheses, and are illustrated in Figure D-2.

Table D-2 English lexical decision logged response time

RelationCondltlon Same Swapping Contrastive
related 2.91 (.05) 2.95 (.05) 2.94 (.04)
Unrelated 2.94 (.05) 2.96 (.05) 2.93 (.04)
Priming effect .03 .01 -.01
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Figure D-2  English lexical decision logged response time
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A two-way ANOVA (Condition: Same, Swapping, Contrastive x Relation: related or
Unrelated) was run across participants. There is also an significant interaction (F(2, 57)=8.824,
p<.001). Planned comparisons showed that only in the Same condition, targets preceded by the
related primes were identified more quickly than the unrelated primes (F(1,19)=73.707, p<.001),
but not in the other two conditions (Swapping F(1,19)=2.657, p=.120; Contrastive F(1,19)=.560,

p=.464).

D.3 Korean

The mean logged RTs and the priming effects (the difference between Related and
Unrelated) for the three experimental conditions are shown in Table D-3 with standard

deviations in parentheses, and are illustrated in Figure D-3.
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Table D-3 Korean logged lexical decision response time

RelationCondltlon Same Swapping Contrastive
related 2.94 (.038) 2.97 (.059) 2.99 (.048)
Unrelated 2.98 (.036) 3.00 (.066) 3.01 (.048)
Priming effect .04 .03 -.01

Figure D-3  Korean logged lexical decision response time
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A two-way ANOVA was run (Condition: Same, Swapping, Contrastive x Relation:
related or Unrelated) across participants. There was a main effect of Relation (F(1, 57) =
128.668, p<.001), and of Condition (F(1, 57)=3.327, p<.05. Planned comparisons showed that
targets preceded by the related primes were identified more quickly than the unrelated primes in
all three conditions (Same F(1, 19)=78.801, p<.001; Swapping F(1, 19)=44.799, p<.001;
Contrastive F(1, 19)=19.542, p<.001). Simple effect of Condition in related was significant (F(2,
60)=4.581, p<.05). The significance is driven by the difference between the Same vs. Contrastive
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conditions (p=.013). The simple effect of Condition in Unrelated was not significant (F(2,

60)=1.684, p=.195).
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Appendix E. Distributions of dependent variables

E.1  Distribution of the similarity rating z-scores
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E.2  Distribution of the discrimination accuracy

E.3  Distribution of the discrimination response time
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Distribution of the Mandarin semantic priming lexical decision
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E.5

Frequency

Distribution of the English semantic priming lexical decision
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E.6

Frequency

Distribution of the Korean semantic priming lexical decision
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