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ABSTRACT

Considerable research has focused on the interference of the native language (L1)
in second language (L2) learning, motivating the present study to look more deeply
into how Mandarin interferes in the pronunciation of English obstruent-obstruent
clusters by Taiwan Mandarin-speaking elementary school children. Optimality
Theory is utilized to provide a formal analysis of Taiwan elementary school
children’s strategies for pronouncing English obstruent-obstruent clusters: schwa
[2] insertion or obstruent deletion. English syllables allow complex syllable
margins, while Mandarin syllables strictly forbid obstruent clusters at syllable
margins. Therefore, Taiwan elementary school children might utilize either
epenthesis or the deletion of segments to deal with the pronunciation of English
words with complex syllable margins. The constraint ranking proposed in the study
reflects that Taiwan elementary school children’s pronunciation of English
obstruent-obstruent clusters shows interference from Mandarin. Utilizing the
findings in the present study and the propositions contained within the Contrastive
Analysis Hypothesis, the study will provide pedagogical suggestions on form-
focused instruction and corrective feedback.

Key words: Optimality Theory, English consonant clusters, language interference,
second language acquisition, Contrastive Analysis Hypothesis
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1. INTRODUCTION

It is well known that most second language (L2) learners of English
have problems pronouncing English consonants. Consonants in the onset
position or in the coda position can be problematic for the reason that there
are differences between the consonant inventories of English and the L1
of the learner. For instance, some consonants in English do not occur in
the learners’ L1 phonology. Therefore, many studies have been conducted
to investigate how L2 speakers acquire English consonants (Chan and Li
2000; Chan 2007; Edge 1991; Hansen 2001; He 2014). Edge (1991)
pointed out that Japanese and Cantonese speakers frequently devoiced
English word-final obstruents when pronouncing them. The same
situation was found with the subjects in He’s study (2014). He examined
Chinese speakers’ pronunciation of the English syllable final [I]. It was
found that Chinese speakers had great difficulty in pronouncing the
syllable final [1], and that to simplify the pronunciation, Chinese speakers
utilized one of three strategies: vocalization, deletion, or retroflexion to
modify the pronunciation of the syllable final [I] after different vowels
(i.e., [i], [«], [2], or [u]).

In addition, L2 learners’ production of consonant clusters seems to
have attracted increasing attention in recent years. It has been found that
Korean, Mandarin Chinese, Cantonese, Arab, and Thai speakers
experience difficulties in pronouncing English consonant clusters (Ahmad
2011; Al-Saidat 2010; Chan and Li 2000; Hansen 2001; Hassan 2014;
Long and Setter 2000; Wei and Zhou 2002). To overcome the difficulty,
the Mandarin Chinese speakers in Hansen’s (2001) study employed
different production strategies according to the number of coda
consonants: feature change for single codas, epenthesis for two-member
codas, and deletion for three-member codas. Hansen further stated the
related linguistic constraints involved in use of the three modifications: L1
transfer, markedness, sonority, and natural phonological processes.
Among these factors, L1 transfer played quite an important role in
Mandarin Chinese speakers’ acquisition of English syllable codas.

Similarly, the importance of L1 interference in L2 production is also
found in Kabak and Idsardi’s (2007) research where Korean speakers’
perception of English consonantal sequences (i.e., consonant clusters) was
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tested. The researchers pointed out that the perceptual epenthesis of
vowels in English consonantal sequences resulted from Korean (L1)
syllable structure restrictions rather than linear co-occurrence restrictions.
By a phonological analysis of the types of difficulties in pronunciation
encountered by Arab learners of English as a foreign language (EFL), Al-
Saidat (2010) found that Arab EFL learners unconsciously inserted a
vowel in the onset and coda consonant clusters, and that L1 influence was
the major reason for the declusterizing of consonant clusters.

Reasonably, L1 interference in L2 learning has been the central focus
of quite a few previous studies. In Dechert’s (1983) and Ellis” (1997)
studies, the target language learners were found to have the inclination to
utilize their L1 structure when speaking or writing in their L2, and
revealed the correlation that the more different the structures of the two
languages are, the more frequently errors may occur in the production of
the L2. The errors thus indicate interference by the L1 in the production
of the L2.

Language interference is an automatic, habitual transfer of the
structures of the L1 into those of the L2 (Dulay et al. 1982). Similarly,
Lott (1983:256) viewed interference as “errors in the learner’s use of the
foreign language that can be traced back to the mother tongue™. Ellis
(1997:51) defined interference as “the influence that the learner’s L1
exerts over the acquisition of an L2”. He further explained that learners’
perception of whether the pronunciation of the L1 is transferable or not
governed the transfer. The stage at which learners develop their language
learning governs the transfer as well. When learning an L2, learners
initially construct their own rules based on their L1 knowledge. However,
when they become more proficient, their interlanguage grammar will
subsequently develop so as to conform more closely to that of the L2
(Selinker 1971; Seligar 1988; Ellis 1997).

A number of prior studies on second language phonology have found
that L2 learners have a tendency to transfer their L1 phonological skills to
their L2 phonological knowledge (Bassetti and Lu 2016). Namely, L2
learners are frequently prone to vary their pronunciation from that of
native speakers due to the interference from their L1. As Rochet (1995)
points out, L2 learners sense L2 sounds based on category in the L1. In
Taiwan, similarly, learners’ Mandarin interference has an effect on their
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L2 phonological knowledge to a certain degree, especially in their
pronunciation.

The researcher, on the basis of empirical knowledge, has observed the
pronunciation of many elementary students in Taiwan and found that a
high percentage of Mandarin-speaking students have difficulties in
pronouncing English obstruent-obstruent clusters (henceforth, O-O
clusters). They frequently pronounce them by inserting a schwa [s]
between the obstruents or by deleting one of the obstruents, as in the
simplification strategies that the participants in Wang’s study (1995)
adopted. According to the findings in the previous studies (Broselow,
Chen and Wang 1998; Bassetti and Lu 2016; Hansen 2001; Rochet 1995;
Wang 1995), the problems in pronunciation may be attributed to learners’
L1 phonological skill transfer/L1 interference, the differences in the sound
systems between the two languages, markedness, sonority, inconsistency
of in English sounds and spelling, natural phonological processes, teachers’
models, peers” models, and so on. This study then focuses on the main
subset of the issues involved: L1 interference. The likelihood is that
Taiwan elementary students’ (henceforth, TESs) L1 interferes in their
phonological acquisition.

English syllables allow onset and coda clusters, while Mandarin
syllables allow at most one consonant occurring before a glide,[j], [yl, or
[w], in the onset position, and allow no coda other than the alveolar nasal
[n], the velar nasal [g], or the retroflexed [r]. Therefore, many of the
learners in Taiwan, and, especially elementary school children, have a
problem pronouncing English consonant clusters. To overcome the
problem, most of them utilize two strategies to simplify the pronunciation
of English consonant clusters: inserting a schwa [o] between consonants
or deleting one of the consonants. For instance, when O-O clusters occur
at the coda position of a monosyllabic word, most TESs frequently insert
[o] after the final obstruent (i.e., best [best] is pronounced as [besta], and
disk [disk] as [diska]). On the other hand, when an O-O cluster is in a
heterosyllabic position — where one obstruent forms the coda of a syllable
and the other forms the onset of the next syllable — of a multisyllabic
word, the deletion of the preceding obstruent of the O-O cluster usually
co-occurs. Thus, doctor [‘dakte] is not pronounced as ['dakata] but as
[‘data], and September [sep‘temba-] is pronounced as [se'temba-] rather
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than [sepa‘temba]. When O-O clusters appear in the onset position,
however, segments are neither inserted nor deleted, as in their
pronunciation of inspire [m'sparr] and street [stri:t]. Therefore, the present
study aims to answer the following questions:

a. How well do Taiwan elementary students pronounce English
obstruent-obstruent clusters?

b. What strategies do Taiwan elementary students use to simplify the
pronunciation of English obstruent-obstruent clusters?

c. Does Mandarin interference play a major role in causing Taiwan
elementary students to have difficulty in pronouncing English
obstruent-obstruent clusters?

In this paper, Optimality Theory (Prince and Smolensky 1993) is
applied to determine whether Mandarin interferes in the pronunciation of
English O-O clusters produced by TESs. It is expected that the results of
the analysis will produce feasible pedagogical advice and so contribute to
further research. The remainder of this paper is organized as follows. A
comparison of English with Mandarin phonology is provided in section 2.
The results of an experiment to verify the researcher’s observations are
reported in section 3. TESs’ pronunciation of English O-O clusters with
data from the researcher’s L2 learners is discussed in section 4. Then,
Optimality Theory is drawn on to analyze Mandarin interference in TESS’
pronunciation of English O-O clusters in section 5. Finally, some specific
pedagogical advice and conclusions are presented in sections 6 and 7.

2. BASES OF MANDARIN AND ENGLISH PHONOLOGY
This section starts by presenting a brief outline of the phonological

bases of Mandarin and English, which are relevant to the study. Section
2.3 then compares the syllable structure of Mandarin with that of English.
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2.1 Mandarin Syllable Structure and Phonotactics

Mandarin is a language in which the syllables are allowed variable
templates, ranging from a minimum of V to a maximum of CGVX (Lin
2007). In Mandarin, there are eight variable syllable templates that are
based on permissible combinations of the four segments C, G, V, and X
(Ttiskova 2011). They are V, CV, VX, GV, GVX, CVX, CGV, and
CGVX.

Each of the four positions, C, G, V, and X, can be occupied by at most
one segment. The V segment constitutes an obligatory item in a syllable,
while the others, C, G, and X, are optional. The C segment, an initial
consonant, combined with the G segment, an on-glide, is the only possible
onset consonant cluster in Mandarin syllables. The V segment, a vowel,
can constitute a syllable by itself or be combined with other segments. The
X segment in the coda position can be a nasal (i.e., [n] or [g]) or a
retroflexed [r] (He 2014).

2.2 English Consonant Structure

Similar to Mandarin, English syllable structure also allows variable
templates. However, unlike Mandarin, it allows for onset and coda
consonant clusters. It can allow at most three consonants in the onset
position and four consonants in the coda position. English syllable
structure then permits anything from a minimum of V to a combination of
(C)CUCIV(C)(C)(C)(C).

2.3 A Contrastive Analysis of Mandarin and English Syllable
Structure

In Mandarin syllable structure, there is only one possible onset
consonant cluster, CG. It should also be noted that there are no coda except
[n], [n], and the retroflexed [r] in Mandarin. English, on the other hand,
allows both onset and coda clusters in its syllable structure. The
differences between the phonological systems of Mandarin and those of
English are illustrated as follows:
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a. In many analyses (Chao 1968; Cheng 1973; Duanmu 2000), the
Mandarin phonological system is presented as having twenty-four
consonants and ten vowels, there being many different views on the
number of Mandarin vowels and consonants. The English
phonological system, however, consists of twenty-four consonants
and twelve vowels. English and Mandarin sound inventories are
presented in Table 1 to Table 4.

Table 1. Mandarin Vowels (based on Lin 2007)

iy i u
€ °0 @& ¥ 0
a

Table 2. English Vowels (based on Giegerich 1992)
i I u 0
€ o > A 3 )
® a

Table 3. Mandarin Consonants (based on Lin 2007)

labial dental- alveo- | palatal | retroflex | velar
alveolar | palatal
plosive -asp p t k
+asp p" th kb
fricative f s e 8 X
affricate -asp ts te ts
+asp tsh teh tsh
nasal m n n
liquid 1
glide i q W
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Table 4. English Consonants (based on Giegerich 1992)

bilab | labio- | inter- | alveolar | palatal | velar | glottal
ial | dental | dental
plosive +ved b d g
-ved p t k
fricative +ved v 0 z 3 h
e f | o s T
affricate +ved tf
ved dz
nasal +ved m n 1
liquid/retroflex | +ved I/r
glide +ved J w

b. A comparison of the consonant patterns between the two languages
shows that Mandarin and English evidently differ significantly in the
place and manner of articulation. Some features, such as voicing, can
be distinctive in English, but not in Mandarin. Take the pairs [p] and
[b], [s] and [z], [t] and [d], and [k] and [g] as examples. In English,
each phoneme in these pairs can be differentiated from the other by
the feature of voicing. In Mandarin, however, only the [z] sound is
distinct from the [s] sound in voicing. That is to say, [z] is the only
voiced obstruent in Mandarin. The Mandarin pairs [p] and [p"], [t] and
[t*], [k] and [k*], [ts] and [ts'], [te] and [te"], and [ts] and [ts"] reveal
that the predominant distinction lies in aspiration, instead (Zhang and
Yin 2009). Despite the fact that English has voicing contrast in
obstruents, the distinction is neutralized in word-initial and word-final
positions. English word-initial (i.e., onset segment) voiced stops tend
to be phonologically devoiced, particularly voiced velars and bilabials,
while word-initial voiceless stops tend to be strongly aspirated.
Therefore, when English stops appear in the onset position, they are
then distinguished mainly by aspiration, similar to Mandarin, rather
than by voicing. Due to this very confusing tendency, and also to the
realization that voicing is not a distinctive feature in Mandarin, we can
thus explain why TESs often neglect the differences between voiced
and voiceless sounds in English.
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c. The position of Mandarin phonemes and the way in which Mandarin
combines its phonemes are not the same as those of English. Mandarin
has no coda except when the coda position is occupied by [n], [n] or
retroflexed [r] (i.e., [xwany Iwan] and [tswon tejan]) whereas in
English any consonant can appear in the coda position except [h], [w],
and [j]. In Mandarin syllables, most consonants are followed by a
vowel, whereas English can have consonant clusters in both the onset
and coda positions.

d. Mandarin can have onset CG clusters, such as [kwo] and [p*jon], but
consonant clusters cannot appear in the coda position.

3. EXPERIMENT TO INVESTIGATE TAIWAN ELEMENTARY
STUDENTS’ PRONUNCIATION OF O-O CLUSTERS

The phenomenon that the majority of TESs have difficulty in
pronouncing English O-O clusters has been observed and tracked on
account of the researcher's high involvement in primary English education.
Furthermore, in order to overcome difficulties in pronunciation, TESs
apply one of two strategies: a schwa [a] insertion or an obstruent deletion.
In addition, previous studies have shown that language learners’
knowledge of their L1 will interfere in their L2 learning. Therefore, to
verify the observation, the researcher conducted an experiment where the
participants were asked to pronounce twenty-four English words (see
Appendix A) which were relevant to the phenomena found in TESs’
pronunciation. The twenty-four words were selected as the test items
based upon the following criteria:

@ To avoid the participants being unfamiliar with the test words so
that they may have previously had no exposure to the sound
combinations in the words, the researcher selected some relevant
words frequently shown in TESs’ posters, textbooks, and
storybooks.

@ To investigate the different strategies that the participants might
utilize, the researcher chose words having O-O clusters in coda
or onset positions.
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@ Words comprising more than three syllables increase the
complexity of reading aloud and may cause participants to be
afraid to read the words aloud. For this reason, most of the test
words have only one or two syllables, and two of them are three-
syllable words.

3.1 Research Setting

The experiment was conducted in an elementary school located in a
city in northern Taiwan. In the school, the first and second graders have
two English classes each week, while the third, fourth, fifth, and sixth
graders have three.

3.2 Participants

Twenty Mandarin-speaking fourth graders (ten boys and ten girls) 10-
11 years of age were recruited to participate in the experiment with consent
forms signed by their parents (see Appendix B). They had started their
formal English learning when they were first graders and, prior to
elementary school, most of them had been informally introduced to
English in kindergarten. Overall, the twenty participants had had a similar
experience of learning English, but there were minor differences in their
proficiency in English. All of them had an above-average grade in English.
Even though these participants had been learning English for more than
three years at the time of the experiment, they were still not at the level of
proficiency according to their English performance in class.

3.3 Reading Instruction

The reading instruction was designed to engage the participants in an
activity in which they were guided to read two storybooks aloud, Brown
Bear, Brown Bear, What Do You See? and From Head to Toe, published
by Henry Holt Books for Young Readers (1996) and HarperCollins
Children Books (1999), respectively. All of the participants read the two
storybooks written for third and fourth graders. These storybooks were
selected as the reading materials based upon the following criteria:

10
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@ The two storybooks were written for elementary school students
learning English as a second or foreign language in particular, so
the words in the books should be core vocabulary for these
participants to be able to read.

@ Most of the words are one-syllable or two-syllable, and only a
few of them are of more than two syllables. Therefore, the level
of the difficulty of these words may match the levels of the
participants’ proficiency in English.

Through instruction in reading, it was expected that the participants
would become more interested in English, be willing to read aloud in
English, and become more sensitive to the phoneme-grapheme
relationship.

3.4 Read-Aloud Test

In the read-aloud practice periods, each of the twenty participants were
separately guided to read the twenty-four test words within a ten-minute
period. The test words were divided into four categories: a. O-O clusters
in the coda position of monosyllabic words (i.e., [best] and [disk]), b.
obstruent-fricative and obstruent-affricate (O-F/A) clusters in the coda
position of monosyllabic words (i.e., [kets] and [dogz]), c. heterosyllabic
0-0O clusters in multisyllabic words (i.e., [ dakta-] and [sep temba-]), and
d. O-O clusters in the onset position (i.e., [stri:t] and [sprm]).

All of the participants were tested individually in a quiet classroom at
the elementary school. To minimize the sequencing effect, the test words
were presented in a randomized order on a sheet (see Appendix A). Before
the test, the researcher read the instructions to each participant. The
participants read the test words one by one, and their pronunciation was
recorded simultaneously.

3.5 Data Collection Analysis
Following the selection of the participants, the researcher collected

their pronunciations of the test words. Subsequently, the researcher
transcribed their pronunciations using the International Phonetic Alphabet

11
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(IPA). The elicited data were judged by two raters and classified into four
categories — correct, epenthesis, deletion, and no pronunciation. Table 5
illustrates the results of the experiment.

Table 5. TESs’ error types of O-O clusters

Coda O-O in Coda O-F/Ain Heterosyllabic O-O 0-Oin
monosyllabic monosyllabic in multisyllabic onset
words words words position
(n=120) (n=120) (n=120) (n=120)
Correct 23.3%(28) 67.5%(81) 19.2%(23) 78.3%(94)
Epenthesis 69.2%(83) 20.8%(25) 4.2%(5) 6.7%(8)
Deletion 7.5%(9) 11.7%(14) 74.1%(89) 5%(6)
No pronunciation 0%(0) 0%(0) 2.5%(3) 10%(12)

Note: 1. O-O means obstruent-obstruent clusters.
2. O-F/A means obstruent-fricative/affricate clusters.

The visual schematization of the researcher’s observations is
displayed in Table 5, each category of which we will discuss in turn. Most
of the participants in the experiment employed [a] epenthesis to transform
English O-O clusters in the coda position of monosyllabic words to
structures that conform to the Mandarin preferential size of a minimal
word: two syllables (i.e., 69.2% used [a] epenthesis in the monosyllabic
words with O-O clusters). Participants’ use of word-final [2] insertion in
monosyllabic words coincides with the findings in Wang’s (1995) study.
Wang argued that the choice of [9] insertion was due to the Mandarin
preference for disyllabic words, and thus, with the insertion, the output is
then a disyllabic word.

However, epenthesis was not favored in coda O-F/A clusters despite
the fact that the words were monosyllabic. Table 5 shows that 67.5% of
the pronunciations of the O-F/A clusters in the coda position of
monosyllabic words were correct: no insertions or deletions were made in
the pronunciation. This data also conformed to the researcher’s previous
observation.

Obstruent deletion was the preferred strategy in multisyllabic words,
as shown in 74.1% of pronunciations using deletion in multisyllabic words
with heterosyllabic O-O clusters. In multisyllabic words, there is no need

12
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to insert [9] to produce a disyllabic output. Participants frequently deleted
the preceding obstruent because most of the preceding obstruents formed
the coda of a syllable, while the succeeding obstruent formed an onset.
The motivation for the use of the deletion strategy in multisyllabic words
is to transform an impermissible syllable structure in Mandarin to one that
is permissible in both Mandarin and English, such as [ dakte] (Wang
1995). [ 'dakte-] has [k] in a coda position, but in Mandarin, [k] is an illicit
coda. Therefore, as the participants were under no necessity to create
another syllable to fulfill their L1 preference for disyllabic words, they
deleted the coda segment as it is illegal in Mandarin.

As for onset O-O clusters, 78.3% of the pronunciation of these clusters
was correct. Namely, no schwa insertion or obstruent deletion were
produced in most of the participants’ pronunciation. This result coincides
with Mandarin syllable structure which allows for an onset CG cluster.
Thus, the TESs had less difficulty in pronouncing English onset O-O
clusters than in pronouncing them in other positions. However, the
accuracy of 78.3% shows that the TESs still had some difficulty in
pronouncing O-O clusters in the onset position so it can be inferred that
they perceived a difference in the syllable structures of the two languages.

4. TAIWAN ELEMENTARY STUDENTS’ PRONUNCIATION OF
ENGLISH O-O CLUSTERS

From the elicited data, it was found that a high percentage of the TESs
had trouble pronouncing English obstruent clusters which involve two true
consonants. In addition to error rate, error types were further investigated.
Two strategies were found: insertion and deletion.

4.1 [9] Insertion after Final Obstruent in Monosyllabic Words

When pronouncing English O-O clusters in the coda position of
monosyllabic words, the TESs frequently inserted [o] after the final
obstruent. However, [9] epenthesis was not produced in the phonological
environment where the final consonant of the monosyllabic word was a
fricative or an affricate. That means [9] insertion only occurs when the

13
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word-final consonant is an oral stop. Examples of the TESs’ pronunciation
of word-final O-O clusters in monosyllabic words are given below:

(1) Inserting a Schwa [o] after the Final Oral Stop
[best] [besta] ‘best’ [prtfi] [prtfta] ‘pitched’
[desk] [deska] ‘desk’ [walft] [wafta] ‘washed’
[teegd] [teegda] ‘tagged”  [slept] [slepta] ‘slept’
[bibd] [bibda] ‘bibbed”  [lzft] [l fta] ‘laughed’

[left] [lefta] ‘left’ [kre ft] [kre fta] ‘craft’
(2) No Insertion after the Final Fricative or Affricate

[kaets] [kaets] ‘cats’ [miks] [miks] ‘mix’

[dogz] [dogz] ‘dogs’ [li:vz] [li:vz] ‘leaves’

4.2 Deletion of the Preceding Obstruent of O-O Clusters in
Multisyllabic Words

When an English O-O cluster occurs in the heterosyllabic position of
a multisyllabic word, the TESs frequently deleted one of the obstruents
instead of inserting [a]. Moreover, their obstruent deletion did not affect
the succeeding obstruent, but the preceding one. The pronunciation is
exemplified below:

(3) The Deletion of the Preceding Obstruent of O-O Clusters in
Multisyllabic Words

[‘dakte] [‘date] ‘doctor’ dikfon, eri]

[ak touba-]—{a'toube] ‘October’ piktfa]

L [‘difon,err]  ‘dictionary’
r r
[sep’temba- ]~ [se'temba]  ‘September’  ['nout,buk] ['nouv,buk]  ‘notebook’
[ r
r r

pitfe+] ‘picture’

buk beg] bu baeg] ‘book bag’
frendfip] fren [ip] ‘friendship’

['pap korn] ['pa korn] ‘popcorn’
[lip, stik] ['1r,stik] ‘lipstick’

4.3 No Insertion or Deletion in Onset O-O Clusters

The strategy that the TESs tried in order to deal with the pronunciation
of O-O clusters in the onset position was neither insertion nor deletion of

14
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any segment. When pronouncing O-O clusters in the onset position, they
did not use any strategy to repair the pronunciation, as exemplified below:

(4) No Insertion or Deletion of Any Segment
[insparr]—>[in'spair] ‘inspire’  [Sprig] [spri] ‘spring’
[stri:t] [stri:t] ‘street’ [mrsterk] —>[mr'sterk] ~ ‘mistake’
[‘'skine] —>['skina]  ‘skinner’ [dr'spler] —>[di'spler] ‘display’

5. AN OT ANALYSIS

In this section, the researcher utilizes Optimality Theory (Prince and
Smolensky 1993, 2004; McCarthy 2008) to analyze how TESs’
pronunciation of English O-O clusters is evidence of an interaction in the
constraints. The conformity to and adaptation of Mandarin phonology
contribute to the arrangement of the constraint rankings.

As shown in the third and fourth sections above, the TESs adopted two
strategies when pronouncing English O-O clusters. The strategies they
utilized to simplify the pronunciation depended on the phonological
environment in which the O-O clusters occurred. Thus, section 5.1
discusses the fundamental constraints adopted from Mandarin syllable
structure as evidenced in the TESs’ pronunciation. The interaction of the
constraints to form a constraint ranking is discussed and presented in
section 5.2.

5.1 Basic Constraints

In Mandarin syllables, the markedness constraints, NOCODA and
CODACONDITION are relevant restrictions on the coda position.

(5) NOCODA: No consonant is allowed in coda position.

(6) CODACONDITION: Syllables must have no coda, except [n], [g] or
retroflexed [r].

15
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NOCODA is formulated to mark the contrast between English syllables
and Mandarin ones. Mandarin syllables must have no coda with the
exceptions of [n], [n] or retroflexed [r]. Therefore, NOCODA must be
ranked highly in order to preclude codas. CODACONDITION represents that
in Mandarin syllables, codas are restricted to [n], [g] or retroflexed [r].
However, the production of Mandarin output in the pronunciation of
English O-O clusters shows that the speaker cannot violate the restrictions
on Mandarin phonotactics. Thus, NOCODA and CODACONDITION are
undominated.

In addition to conforming to the native phonotactics, the output should
be as close to its input as possible. The constraints requiring conformity
are the faithfulness constraints, MAX-10 and DEP-I0. MAX-I0 and DEP-
10 are thus tied in the ranking.

(7) DEP-10: Every segment in the output must have a correspondent in
the input. (No insertion.)

(8) MAX-10: Every segment in the input must have a correspondent in
the output. (No deletion.)

DEP-10 prohibits any insertion of input segments in the output, while
MAX-10 forbids any input segment being deleted from the output. That is
to say, any difference between the correspondent segments in the input and
the output will cause a violation of one of the two constraints.

McCarthy and Prince (2003) state that a number of languages around
the world prefer that their surface forms be minimally disyllabic. In
addition, following the Prosodic Hierarchy, a prosodic word, a constituent
that references morphological information in a generalized manner, must
embrace at least one stressed foot. Based on Foot Binary, a foot must be
bimoraic or disyllabic, and all syllables are then parsed into feet. Thus, the
preferred size of a minimal word in Mandarin is disyllabic because every
disyllabic word can be parsed into a binary foot that contains two syllables
(Broselow, Chen and Wang 1998; Lu 20006).

This phenomenon has been found in TESs’ pronunciation of English
monosyllabic words with O-O coda clusters (i.e., [best] and [disk]).
Namely, when TESs try to pronounce O-O coda clusters in monosyllabic
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words, they frequently insert [a] after the final obstruent instead of
deleting one of the obstruents, as in their pronunciation of [besta] and
[diska]. MINWD, the preference of two syllables in a word, is then adopted
into the ranking.

(9) MINWD: A word must contain at least two syllables.
5.2 Constraint Ranking and Tableaux

As observed in the pronunciation of English O-O coda clusters in
monosyllabic words, the TESs do not delete any segment but preserve the
final obstruent by inserting [2]. Thus, the properties of Mandarin syllables,
as manifested in their pronunciation, motivate the constraint ranking
below:

(10) MINWD>> CODACONDITION, DEP-10>> NOCODA>> MAX-IO

Mandarin syllable structure prefers the size of a minimal word to be
two syllables, so MINWD is then ranked at the top. When pronouncing
English O-O coda clusters in monosyllabic words, the TESs insert [o] after
any final obstruent that is not an [n], [g] or retroflexed [r] in order not to
violate NOCODA and CODACONDITION. However, from an analysis of
their pronunciation of English O-O coda clusters, [2] epenthesis is
evidently found to occur only in monosyllabic words, indicating that the
TESs use the deletion strategy more frequently than that of [9] insertion
when pronouncing English O-O clusters in multisyllabic words. Thus,
DEP-10 and CODACONDITION need to be ranked above NOCODA and
MAX-10. An example is given below:
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Table 6. /desk/—> [de.ska] ‘desk’

/desk/ MINWD Copa DEP-10 | NoCoDA

CONDITION

w g, de.sko

b. de.sok

c. des *|

d. dek *1

e. desk *|

f. de.sa.ko

g. da.e.sa.ko

h. do.ea.sa.ko

In O-O clusters appearing in the coda position of monosyllabic words,
schwa insertion after a word-final obstruent creates another syllable with
no coda so that the pronunciation can fulfill MINWD, CODACODITION and
NOCODA. In Table 6, candidates (c), (d), and (e) all incur a violation of
MINWD for lack of a second syllable, and they are thus the first to be
eliminated. Candidates (b), (f), (g), and (h) are ruled out in the second
round by incurring violations in DEP-10. At the cost of violating DEP-IO,
candidate (a) can still defeat the other candidates because it conforms to
not only MINWD, but also to CODACONDITION.

However, can this constraint ranking (10) manifest the TESs’
pronunciation of English O-O coda clusters in monosyllabic words? Let
us present another example to illustrate the phenomenon.

Table 7. /pitft/—> [pit[.ta] ‘pitched’
/ prtft/ MINWD Coba DEP-10 | NoCoba
CONDITION

w a. pitf.to * * *|
b. pr.tfat *

c. pitf *1

d. pit *

e. pitft *1

& f.prtfo.to
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In Table 7, candidates (c), (d), and (e) are ruled out first for the
violation of MINWD. Candidates (a), (b), and (f) all pass MINWD because
they all create a syllable by inserting [o] after the word-final obstruent.
However, constraint ranking (10) cannot pick the attested TESs’
pronunciation [pitf.ta] out. To fulfill MINWD, candidate (b)’s schwa
insertion after consonant [t[] and candidate (f)’s schwa insertion after
consonants [t[] and [t] lead the two candidates to incur as many violations
as candidate (a) in CODACONDITION and DEP-10. What’s worse,
candidate (a) is finally defeated by candidate (f) due to the preservation of
the coda [tf]. Therefore, to correctly predict the attested TESs’
pronunciation [prtf.ta], it is necessary to discover the common patterns in
their pronunciation.

From the TESs’ pronunciation of English O-O clusters, the researcher
found that the mandatory schwa insertion in monosyllabic words always
comes after the word-final obstruent, not after the word-medial obstruent
in order not to violate MINWD (i.e., [best] is pronounced as [besta] and
[kukt] as [kokta]). In addition, it was found that the TESs deleted one of
the obstruents instead of inserting a schwa in their pronunciation of
English heterosyllabic O-O clusters in multisyllabic words (i.e., [ dakta:]
is pronounced as [ 'data-] and [ pap korn] as [ pa korn]). That is, the TESs
allow word-internal deletion, but disallow word-internal epenthesis. Thus,
in order to ensure that the schwa insertion comes after the final obstruent,
it is necessary to add O-CONTIGUITY-IO into constraint ranking (10). The
insertion is mainly for the purpose of fulfilling the Mandarin preference
for the size of a minimal word, so MINWD must outrank O-CONTIGUITY-
10.

(11) O-CONTIGUITY-IO = NO INTRUDE: “no internal epenthesis!”
The portion of the output standing in correspondence forms a

contiguous string (Kager, 1999).

(12) MINWD>> O-CONTIGUITY-10, CODACONDITION, DEP-10>>
NoCobA>> MAX-10

O-CONTIGUITY-IO prefers epenthesis before or after the cluster (Kager
1999). This constraint ensures that the schwa epenthesis comes after the
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word-final consonant. Thus, the candidates [pr.tfot] and [p1.tfa.to] will
violate O-CONTIGUITY-10, exemplified as follows:

Table 8. /pit[t/—> [pit[.ta] ‘pitched’

/ pitft/

MIN
WD

O-CONTIG
-10

CobpA
CONDITION

No i
CODA |

= a. pitf.ta

*

b. pr.tfat

c. pit[

*1

d. pit

*1

e. pitft

*1

f. prtfo.to

*

2. pa.Ltf.to

h. pa.Ltfo.to

Let us turn to the TESs’ pronunciation of [de.skoa]. When assessed by
constraint ranking (12), is candidate [de.sko] the most optimal one? The

following is the case:

Table 9. /desk/—>[de.sko] ‘desk’

/desk/

MIN
WD

O-CONTIG
-10

CobpA
CONDITION

w a. de.sko

b. de.sak

c. des

*1

d. dek

*1

e. desk

*1

f. de.sa.ko

g. da.e.sa.ko

h. do.ea.so.ko

*1

Even if O-CONTIGUITY-IO is added into constraint ranking (10),
candidate (a) does not violate it because it does not insert any segment
between the fricative [s] and the stop [k]. Instead, candidates (b), (f), (g),
and (h) all incur a violation of O-CONTIGUITY-IO by inserting [2] between
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the O-O cluster. Therefore, in constraint ranking (12), candidate (a) is
selected as optimal.

Next, let us turn to the data in (3), Deletion of the Preceding Obstruent
of O-0O Clusters in Multisyllabic Words. Codas of a multisyllabic word are
deleted. That means that when English O-O clusters are in the
heterosyllabic position in multisyllabic words, the TESs pronounce them
by deleting the preceding obstruent instead of inserting [o] after the
succeeding obstruent. In such a case, either [a] epenthesis after an illicit
coda or a coda deletion could be used as the repair strategy to pass
CODACONDITION. Therefore, both MAX-I0 and DEP-10 must be included
in the ranking. From the data in (3), the TESs tend to use the repair strategy
of obstruent deletion, not schwa insertion. According to their
pronunciation, MAX-10 must be ranked in the lowest position.

Universally, syllables prefer the structure of V or CV rather than that
of VC, so heterosyllabic O-O clusters are syllabified as “CVC. CV” or
“CV. CCV”. When heterosyllabic O-O clusters are syllabified as “CVC.
CV?”, (i.e., the preceding C is combined with the front V as a coda, and the
succeeding C is combined with the following V as an onset), the TESs
pronounce them by frequently deleting the preceding obstruent instead of
the succeeding one. However, when they are syllabified as “CV. CCV”,
(i.e., O-O onset clusters), most of the TESS pronounce them correctly. The
TESs will not delete or insert any segment in the onset position. This
shows that MAX-10(ONSET) and DEP-IO(ONSET) are ranked in the top
position.

(13) MAX-IO(ONSET): Every onset segment in the input must have a
correspondent in the output. (No deletion of onset segments.)

(14) DEP-10(ONSET): Every onset segment in the output must have a
correspondent in the input. (No insertion of onset segments.)

(15) MAX-10(ONSET), DEP-IO(ONSET)>> CODACONDITION, DEP-10>>
MAX-IO

MAX-I0(ONSET) and DEP-IO(ONSET) ask for the identity of any
correspondent onset segments in the input and the output. Ranking MAX-
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TO(ONSET) and DEP-IO(ONSET) at the top makes sure that any deletion or
insertion of onset segments will lead to them being the first to be ruled out,
as exemplified in the following cases:

Table 10. /' piktfo/—>[p1.tfa] ‘picture’

/pik.tfo/

MAX-I0
(ONSET)

DEP-10
(ONSET)

CcopAa
CONDITION

a. pik.tfo-

*1

w b, pLtfo-

c. prka.tfor

d. pr.ke-

*1

e. pik.tfo.e-

f. prka.tfa.o-

g. pa.ka.tfa.o

h. pa.r.ka.tfor

Table 11. / ak'touba /—> [a.tou.ba] ‘October’

/ ak.tou.ba-/ MAX-10 { DEP-I0 CoDA
(ONSET) | (ONSET) | CONDITION

a. ak.tou.bo *|

b. a.ka.tou.ba

w ¢. a.tou.ba

d. a.kou.ba *|

e. ak.ta.ou.bo

Table 12. /' dakte/—> [da.to-] ‘doctor’

/dak.ta/

MAX-10
(ONSET)

DEP-10
(ONSET)

CobA
CONDITION

w a. da.to-

b. dak.te

*1

c. da.ko.tor

d. da.ke

*1

e. dak.to.o
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In Table 12, candidate (d) is eliminated first because it incurs a fatal
violation of MAX-IO(ONSET) due to deleting the onset segment [t] in the
input. In order not to be eliminated by CODACONDITION, candidate (c)
inserts [a] after the preceding obstruent [k]. However, the insertion
violates DEP-10, which ranks higher than MAX-10, and thus candidate (c)
is defeated by candidate (a), which violates only the lowest constraint,
MAX-10. Candidate (¢) violates DEP-IO by inserting [a] after the onset [t].
Candidate (b) is the third to be ruled out for violating CODACONDITION
due to its preservation of coda [k]. Candidate (a) is the optimal
pronunciation because it violates only the lowest MAX-10 by its obstruent
[k] deletion.

When the voiceless fricative [s] is combined with an oral stop in the
onset position, the TESs neither insert nor delete any segment. DEP-
IO(ONSET), MAX-IO(ONSET), and O-CONTIGUITY-IO are thus ranked in the
highest positions due to the TESs’ pronunciation of onset O-O clusters.

(16) MAX-IO(ONSET), DEP-IO(ONSET)>> O-CONTIGUITY-10, DEP-10>>
CODACONDITION

Table 13. /di’skas/— [d1.skas] ‘discuss’

[dr.skas/ MAX-10 { DEP-10 O- DEP CopaA
(ONSET) | (ONSET) | cONTIG-I0 | -I0 | ConpITION

w a. di.skas *

b. dr.kas *| .

C. dr.sas *| &

d. di.sa.kas *| i S

e. di.sko.AS *| S

f. di.ska.so *|

In Table 13, candidates (b) and (c) lack in their identity between the
correspondent input and output onset segments. They are thus ruled out
for a violation of MAX-IO(ONSET). As for candidates (d) and (e), they both
insert [o] in the word-medial position, violating O-CONTIGUITY-IO and
DEP-10. In addition to the violations of O-CONTIGUITY-IO and DEP-IO,
candidate (d) also violates the top-ranked DEP-IO(ONSET) constraint due
to its insertion of [o] in the onset position. Candidate (f) violates DEP-10
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in order not to have a coda, while candidate (a) violates CODACONDITION
because of its preservation of coda [s]. Candidate (a) finally defeats
candidate (f) at the expense of its violation of CODACONDITION.

The TESs usually insert [9] after the final obstruent when pronouncing
English O-O coda clusters in monosyllabic words. However, this is not the
case when pronouncing the word ‘discuss’. They pronounce it as [dr.skas],
not [dr.skasa]. Namely, they do not insert [o] after fricatives, affricates, or
nasals. In order not to avoid the wrong choice of candidate [sprina], we
need to test if constraint ranking (16) can still manifest.

(17) MAX-IO(ONSET), DEP-IO(ONSET)>> CODACONDITION, DEP-I10,
O-CONTIGUITY-IO >> MAX-10

Table 14. /spriy /> [sprig] ‘spring’

Ispriy / MAX-10 { DEP-10 | Coba O- DEP | MAX
(ONSET) | (ONSET) | CONDI | CONTIG-IO | -IO -10

B Q. Sprin

b. prig *|

C. sriy *|

d. spa.rm * ©

€. 82.pa.rm *|* **

f. sprr.ns *

In the case of constraint ranking (17), it is the TESs’ pronunciation
[sprin] instead of [sprms] that can be successfully picked out. Let’s go
back to their pronunciation of the word ‘discuss’ to see how constraint
ranking (17) manifests.
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Table 15. /diskas/ —>[d1.skas] ‘discuss’

/dr.skas/ MAX-10 | DEP-1o | Copa O- DEP | MAX
(ONSET) | (ONSET) | CONDI | CONTIG-IO -I0 -I0

w3, 01.5kaS *

b. di.kas *| >

C. dr.sAsS *| >

d. di.sa.kas *| © s

e. dr.ska.AS * *1

& f. di.ska.so

As shown in Table 15, candidate (a) incurs a violation of
CODACONDITION for preserving the [s] coda, and candidate (f) violates
DEP-10 due to the schwa insertion. Therefore, candidate (a) cannot defeat
candidate (f) since they both have one violation at the same level in
constraint ranking (17). In order to select candidate [d1.skas], one more
constraint, ANCHOR-IO-R, needs to be added into constraint ranking (17).
ANCHOR-IO-R discourages any insertion or deletion after the right edge of
the word, but the insertion or deletion is irrelevant to medial codas.
ANCHOR-IO-R must be ranked below CODACONDITION because [n], [g],
and retroflexed [r] can be the codas in Mandarin syllables. If ANCHOR-IO-
R outranks CODACONDITION, any word-final illicit coda consonants
would be wrongly selected.

(18) ANCHOR-10-R: The right edge of the input must correspond to the
right edge of the output.

(19) MAX-IO(ONSET), DEP-IO(ONSET)>> O-CONTIGUITY-10, DEP-IO,
CODACONDITION>> ANCHOR-IO-R>> MAX-IO
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Table 16. /diskas/—> [d1.skas] ‘discuss’

/d1.skas/ MAX-10 i DEP-10 | Copa O- DEP | AnchHorR | Max
(ONSET) (ONSET) | CONDI | CONTIG-IO -10 -IO-R 10

w3, d1.skas *

b. di.kas *1

C. di.sAs *1

d. di.sa.kas

e. dr.ska.AS

f. di.ska.so

With constraint ranking (19), candidate (f) is defeated by candidate (a)
since it has incurred one more violation, that of ANCHOR-IO-R by inserting
a schwa [9] after the right-edge consonant. Consider one more instance
below:

Table 17. /insparr /> [in.spair] ‘inspire’

[ m.spair/ | MAX-i0 | DEP-io0 | Copa oO- DEP | Anchor | Max
(ONSET) (ONSET) CONDI | CONTIG-IO -10 -I0-R -10

wra, 1n.sparr *

b. in.sparra

C. 1N.59.pair

d. in.spa.arr

e. n.parr *1

f. n.sair *1

The final constraint ranking of the TESs’ pronunciation of English O-
O clusters is thus proposed as:

(20) MAX-IO(ONSET), DEP-IO(ONSET), MINWD>> O-CONTIGUITY-IO,
CODACONDITION, DEP-10>> ANCHOR-I0-R>> NOCODA>> MAX-
10

The following tableaux demonstrate how the constraints work to
account for the TESs’ pronunciation of English O-O clusters.
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Table 18. / waft [—=>[wa/.ta] ‘washed’

Iwaft/ 5 2 53 Uiz |o
° > 5 T = I
Xz "2 |¢
A o |3
e e @

5

a. waft *|

w b, waf.to

C. wa.Jat

d. waf *|

e. wat *1

f. wa.fo.to

Table 19. /papkorn / —>[pa.korn] ‘popcorn’

/papkomn/ |5 =z i35 oiz|9i929
S > S v z g z 9
a X iz s |2 g >

3 3 ° |3

5

a. pap.korn

w b. pa.korn

C. pa.pa.korn

d. pa.porn *1

e. pap.kor.no

f. pa.kor.no

2. pa.ko.ran
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Table 20. / misterk /—=>[mu.steik] ‘mistake’

/ mrsterk / g % % % § g g g % L ::Z: z %
g X 5 s |2 5 » b » 2 |9 <
3 ' 3 o 3 © 2 g 5

o

w3, mr.stelk * %

b. mui.ster.ko * *)

¢. mi.teik *1 * .

d. mrseik *1 * *

€. mi.sa.ter.ko *| * Kok *

f. mr.sa.teik *| * * * *

g. ma.ster * *| * sk

5.3 Implications for the Constraint Ranking

Constraint ranking (20) indicates that the TESs’ L1, Mandarin, indeed
interferes in their pronunciation of English O-O clusters, and that it is the
differences in the syllable structures between Mandarin and English that
cause the interference. Initially, the constraint ranking will be very similar
to that in the language learners’ L1, while, with the development of the
language learners’ proficiency in the L2, their interlanguage grammar will
become more similar to that of the constraint ranking in their L2. Once
teachers have a theoretically sound understanding of L1 interference, they
will realize the problems language learners are facing when learning the
L2. They will then understand what causes their learners to produce
incorrect outputs.

6. IMPLICATIONS FOR TEACHING

Chang (2004) studied the errors that Chinese EFL learners made when
processing English consonant clusters. The study, based on the
Contrastive Analysis Hypothesis (CAH), noted that the complexity of the
Chinese syllable structure is different from that of the English syllable
structure (i.e., English allows complex consonant clusters while Chinese
only allows onset CG clusters). Due to the differences in syllable structure
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between the L1 and the L2, interference from the L1 resulted in the
Chinese learners encountering difficulties in pronouncing English
consonant clusters. The following will give some pedagogical suggestions
based on the CAH, which emphasizes that errors resulting from the
transfer of the language learners’ L1 must be corrected and that the correct
pronunciation may need to be taught quite explicitly.

6.1 Contrastive Analysis Hypothesis

Contrastive analysis hypothesis, which was popular in the 1950s and
1960s, assumes that language learners’ errors can be predicted based on a
comparison of the similarities and differences between the language
learners’ L1 and the target language (L2) (Brown 2007; Crystal, 2003;
Fries, 1952). Lado (1957, cited in Brown, 2007) made the claim that by
comparing language learners’ L1 with the target language (i.e., L2) to be
learned, it is possible to make predictions and then give an account of the
patterns which will or will not induce difficulty in learning. In other words,
by comparing the elements of the L1 with those of L2, elements similar to
those of the native language will be found to be easier to learn than
elements that are different from those of the L1. Therefore, form-focused
instruction and corrective feedback are expected to be very important for
the reason that they will draw the learners’ attention to the target features
of the input, and, then, the learners, through utilizing these forms of
interaction, will then be better enabled to focus on the target features.

6.2 Pedagogical Suggestions Focused on Form-Based Instruction and
Corrective Feedback

With the utilization of Optimality Theory to analyze the strategies that
TESs use to simplify the pronunciation of English O-O clusters, L1
(Mandarin) interference is then identified as the main potential cause of
the simplification. Language teachers can thus now identify specific
pronunciation features that pose problems for TESs: directly asking their
TESs to focus on those O-O clusters in the heterosyllabic or coda position.

Form-focused instruction and corrective feedback aim to make
learners aware of the features in the learning targets that may cause
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learners to make errors because the features are different from those in the
language learners’ L1 (Doughty and Williams, 1998; Ellis, 2001; Spada,
1997). That is, the instruction must provide a great deal of input with the
correct pronunciation of English O-O clusters, some explicit teaching of
how to pronounce English O-O clusters in the heterosyllabic or coda
position, and corrective feedback when the language learners
mispronounce, as mentioned in Derwing and Munro’s (2005) study. Their
study indicated that one of the effective ways to provide input is to offer
language learners enough listening exposure to correct spoken models.
With attentive, regular listening to correct spoken models, learners can
probably improve their pronunciation.

However, language learners’ awareness of their pronunciation
problems is just the first step. Once language learners are made aware of
such problems, language teachers can then devote special sessions
providing learners with drills to aid them in avoiding interference errors.
This helps language learners to recognize pronunciation problems
whenever they occur and to correct their own pronunciation of English O-
O clusters (Breitkreutz, Derwing and Rossiter, 2002). In addition,
language teachers can intervene in learners’ spoken production in a timely
manner to awaken them to the correct pronunciation of English O-O
clusters.

Another way to help TESs to overcome interference problems is to
engage the assistance of the students who are already producing the
sounds correctly. By learning from the successful experience of their peers,
those with poor pronunciation can figure out where they went wrong and
how they can correct their pronunciation errors in an effective way.

Additionally, it may also be helpful to refer to aspects of the
pronunciation of the Southern Min dialect when correcting Taiwanese
language learners’ pronunciation of English O-O clusters since many
people in Taiwan can speak Southern Min. Despite the fact that Southern
Min, like Mandarin, does not tolerate O-O clusters in coda positions, it
does contain entering tone words. Southern Min entering tone words have
final unreleased stops similar to the English final unreleased voiceless
stops, such as the [k] sound in [kik], the [t] sound in [kit], and the [p]
sound in [li:p] (Chung, 1996; Lu, 2006). Therefore, language teachers can
draw learners’ attention to the Southern Min entering tone words and
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connect their experience of pronouncing such Southern Min words with
the pronunciation of English O-O clusters.

As mentioned above, TESs could improve their pronunciation of
English O-O clusters in an effective way based on an understanding
derived from the analysis of the present study, and with the use of form-
based instruction and corrective feedback.

7. CONCLUSION

In this paper, the researcher analyzes how Mandarin interferes in TESs’
pronunciation of English O-O clusters by use of Optimality Theory
(Prince and Smolensky 1993). The tendencies of TESs in their
pronunciation of English O-O clusters as observed in the data are thus
studied via constraint interaction, and the resultant constraint ranking is as
listed below:

(21) Constraint ranking of pronunciation of English O-O clusters by TESs

MAX-I0(ONSET), DEP-IO(ONSET), MINWD
>>CODACONDITION, O-CONTIGUITY-10, DEP-10
>>ANCHOR-I0-R>> NOCODA>> MAX-10

The analysis above has shown that Mandarin interference does play a
significant role in the pronunciation of English O-O clusters by TESs. It
would be interesting to test the constraint hierarchy proposed above with
further data of TESs’ pronunciation of English O-O clusters. However,
Mandarin interference in TESs’ pronunciation of English consonant
clusters is more complicated than what has been shown here, as evidenced
in their pronunciation of English obstruent-liquid clusters. However, while
it would be much better if we had been able to analyze all the possible
TESs’ pronunciation of English consonant clusters, TESs’ pronunciation
of English obstruent-liquid clusters was not investigated in this paper. The
researcher leaves this issue for further research.
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In addition, the experiment was conducted in in an elementary school
where approximately one-sixth of the student body has parents from
foreign countries. Therefore, whether the pronunciation of TESs shows a
similar or different pattern compared to the elementary school children
with parents from foreign countries is another interesting issue needing to
be investigated to confirm whether Mandarin interference does indeed
have an influence on TESs’ pronunciation of English consonant clusters.
Future research may add participants from other countries to illuminate
the answer to this question.
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APPENDIX A

Read-Aloud Practice

P iR R A A B A T2 BpEr i3

1. best 13. street
2. dogs 14. display
3. mask 15. desk

4. October 16. socks
5. insect 17. six

6. spring 18. spell

7. rectangle 19. speak
8. octopus 20. eggs

9. left 21. doctor
10. cats 22. notebook
11. mix 23. stop
12. past 24. picture
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APPENDIX B

Parents” Consent Template

A e KEF o S AR LB B RS
THRERIIHEL c GHEFTRIFLI*F(RF)F &S LT 18
BEFEF-EFFF PR 2 F G TR B TREFOBER
“%5'»?1‘?\‘?7? AFFERE AFLRRE - AR R R EoRS

AT HRER N Br ELEF ARG EZE IR DAL B
4%(@]%—)?“ AR (B F AT 5 aE e T el e

BN AET A ESREREY O RRINR L F L AF A
AR P EIEE AH . REFIPAFEFFLEFTHE T 'E
mAHEIT A PFE PR L REFOUM AL FERAA

ML FR et 3 IR T R AL EL AL F 4§ %f#%

>

o KA RSP R EL A MELT A
AEFFRESI S BB ARERG - FAY AETEFAE

FAF - AHHA Y ERF R AR FRE I ABRREF S ¥k
FlI*E-fr¥ =25 pBEF BRFEFRRUEILFEFITRSR 5 1=
Bk gEr 10 AN AR 24 BEEET > AFEAEDIEES - AER
BT N FR - 2 s R - D s KPR
RS TEEMheF LY > GAIRETF 5 A PEEY AR
FoFLBRAFFF53EEH IR WwBRF LG RERLET LR 203
Wic g o

*
]

AT LR T E AR ooo ¥+ 106.12. 06
[ rageram-z
[ rrasseramn-%. 7
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* R
g

2%
R ey

Av\%‘rﬁilpiﬁﬂ% F%:l‘

A
ﬁ.%»\
N

IR 0 L 4

P RIELRIR-FIHFFT V@I HPEL A AP AR
AR 'ﬁﬁii“’ # (Optimality Theory) % & 47 & 8 L BI3E 5 # %mﬁ‘?] I
FHEFEG IR PR R ’? e o X - KR T e
il o7 B ET *gmg{gg

BHEOF &R L F 8 0 @Z]Pgmg HOHET R R oy R
Wted &ehflh o cHR ) FEXFFDTH 0 417 AR k@i
FRI-EGEOEF Y A g/ e/ - B AT HER
pF] B B K 2 (constraint rankmg) MAX-IO(ONSET), DEP-IO(ONSET),
MINWD>> O-CONTIGUITY-10, CODACONDITION, DEP-I0O>> ANCHOR-
I0-R>> NOCODA>> MAX-IO ¥ ¢+ BRRFE§ HE NRF 52 F 0 8RN
THEIFEFEG IR P FREF o

MetF @ BERG  FEI 8 ET AN FoFVE H A TERR
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