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Abstract Tone 3 (T3) in Mandarin is one of the most difficult tones for second-
language (L2) learners given its variants in different contexts. While previous studies
investigated L2 learners’ acquisition of T3 in the sandhi context, it remains unclear
how L2 learners’ learning experience modulates their phonological knowledge of T3
sandhi in producing different types of words. This study used awug production test to
investigate the effect ofMandarin learning experience on the production of the sandhi
form (a rising tone) by experienced and inexperienced Korean-speaking learners.
The acoustic analyses showed that experienced Korean-speaking L2 learners were
better at using their phonological knowledge of T3 sandhi than less experienced
learners when producing pseudo and novel words, but not real Chinese words. The
experienced learners had higher pitch values and a steeper rising slope for the T3
sandhi form of pseudowords, and higher pitch values for that of novel words, than the
inexperienced learners. The findings suggested that learners’ increased experience
with Mandarin facilitated their use of the phonological knowledge of T3 sandhi.
Given learners’ difficulties with the T3 sandhi rule, language teachers are suggested
to develop teachingmaterials with different word types to promote the generalization
of the rule.

Keywords Tone 3 sandhi · Phonological knowledge · WUG test · L2 korean
learners

1 Introduction

Mandarin Chinese (henceforth, Mandarin) is a language which is rapidly gaining
in importance on the international scene. Accordingly, it has become commonly
taught in foreign language programs outside of Mandarin-speaking areas (e.g.,
USA) according to the National Council of Less Commonly Taught Languages
(NCOLCTL), and an increasingly large number of students are learning Mandarin.
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Importantly, it differs from many other languages in the types of information they
use to convey meaning in words: Mandarin uses lexical tones (i.e., pitch movement)
to contrast word meanings (e.g., /pā/ “eight” (Tone 1 (T1)), /pá/ “to pull out” (T2),
/pǎ/ “to hold” (T3), /pà/ “father” (T4) (Yip 2006)). Learning tones pose difficulties
for adult second-language (L2) learners ofMandarin who speak non-tonal languages
as their mother tongue (Pelzl 2019; Wiener, Ito, and Speer 2018). Among the four
Mandarin tones, T3 is one of the most challenging tones for English-speaking L2
learners (e.g., Hao 2012; Yang 2019). One possible reason is that T3 is involved in a
tone sandhi rule with allophonic variations and thus poses great difficulty in learning
its different variants depending on the tone contexts (Yip 2006).

Specifically, different from other Mandarin tones, Mandarin T3 is involved in a
phonological alternation as follows: T3 (214; the dipping tone) inMandarin becomes
T2 (35; the rising tone) before another T3. This phonological alternation of tones is
called the T3 sandhi rule. It can be written as follows:

214 (T3, the citation form)→ 35 (T2, the sandhi form) / ____ 214 (T3, the citation
form).

The T3 sandhi rule must apply in Mandarin disyllabic words, for instance, yǔ
sǎn “umbrella” (Yip 2006). The L2 acquisition of T3 in the sandhi and non-sandhi
contexts has been researched in several studies (e.g., Zhang 2016, 2017; Zhang and
Xie 2020). For instance, Zhang (2017) tested the production of different allophonic
variants of T3 as follows: (a) the citation form (214) of T3 in the final position; (b)
the half-form (21) of T3 when preceding T1,T2,and T4; and (c) the sandhi form
(35) of T3 when preceding another T3. By examining the production of Mandarin
disyllabic words by English-speaking learners with different learning experience, the
study showed that the learning experience ofMandarinmodulated the learners’ use of
the T3 half-form. Specifically, inexperienced learner groups (beginner, intermediate
level) mispronounced a T3 half-form as a citation form of T3, when it preceded T1,
T2, and T4, more frequently than the experienced learner group (advance-level).
Pronunciation errors were also found for the T3 sandhi form when it preceded
another T3 across learner groups. While the findings of the above-mentioned studies
suggested an effect of Mandarin learning experience on L2 learners’ acquisition of
T3 in different forms, the error-based approach (on real Chinese words) of the studies
did not allow us to build a deeper understanding of L2 learners’ phonological knowl-
edge of T3 sandhi (i.e., the correct application of the T3 sandhi rule). Therefore,
acoustic studies using a wug production test are needed to examine the effect of
learning experience on L2 learners’ use of their underlying phonological knowledge
of T3 sandhi in producing different types of Chinese words.

The wug test, which has been widely adopted to test the productivity of
morpho/phonological alternations in non-Chinese languages (Hayes and Londe
2006; Hsieh 1976; Zuraw 2007), is also good at testing Mandarin speakers’ phono-
logical knowledge of T3 sandhi (Zhang and Lai 2010). In a typical wug test, exper-
imental participants are taught novel forms (pseudo words or novel words) in their
native language (L1) and then asked to provide morphologically complex forms
(e.g., Tagalog infixation; see Zuraw, 2007 for details), using the novel forms as the
base. A better application of themorpho/phonological alternations in the novel forms
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indicates a better phonological knowledge of the alternations. The T3 sandhi rule in
Mandarin has been shown to be highly productive in novel forms for nativeMandarin-
speaking adult participants (Zhang and Lai 2010; Zhang, Xia, and Peng 2015) and
child participants (Huang, Zhang, and Zhang 2018; Huang, Zuo, and Zhang 2019).
For instance, Zhang and Lai (2010) used a wug test to examine adult native speakers’
phonological knowledge of Mandarin tone sandhi patterns. The study aimed to test
the synchronic relevance of phonetics by investigating native Mandarin speakers’
applications of the T3 sandhi process from real disyllabic words, consisting of
actual occurring (AO) morphemes, to two types of wug words: pseudo disyllabic
words consisting of non-occurring sequences consisting of real morphemes, and
novel words consisting of non-occurring sequences of non-occurring syllables of
accidental gaps (AG). The results from Zhang and Lai (2010) showed that native
speakers’ production of pseudo and novel T3 sandhi words shared a greater simi-
larity of pitch shape with the citation form (214) of T3 in having a lower and later
turning point (i.e., a less rising slope) than did their production of real sandhi words
(the sandhi form, 25). In pseudo and novel words, the T3 sandhi form, with a less
rising slope, was produced more like an underlying T3 than it was in real words.
This finding indicates an acoustically “incomplete application” of the T3 sandhi rule
when generalizing the phonological knowledge to pseudo and novel words in adults.
Zhang and Lai (2010) linked the “incomplete application” of the T3 sandhi rule by
native speakers to a weaker phonetic motivation for this type of sandhi pattern in
nature.

In a similar fashion, the wug test has also been used to test L2 learners’ underlying
phonological knowledge of T3 sandhi. For instance, Chen et al. (2019) adopted a
similar paradigm to examine the ability to produceMandarinT3 sandhi by twogroups
of L2 learners, that is, tonal (Cantonese) speakers and non-tonal (English) speakers.
The functional data analysis of normalized pitch values revealed that compared with
native speakers of Mandarin, L2 learners showed less accurate production of the T3
sandhi form (25)with lower pitch values and less rising slope, whichwas attributed to
L2 learners’ less (acoustically) detailed phonological representations of allophonic
variants. However, Cantonese- and English-speaking L2 learners applied the T3
sandhi rule similarly for both real words and non-real (pseudo and novel) words,
suggesting that their phonological knowledge of T3 sandhi was equally learned.
While the learning experience of Mandarin was balanced between the English-
speaking and Cantonese-speaking L2 learner groups, the L2 learners’ learning expe-
rience was not manipulated. It remains unclear whether, and if so, how Mandarin
learning experience modulates L2 learners’ use of the phonological knowledge of
T3 sandhi in producing real, pseudo, and novel words.

To fill this research gap regarding the effect of Mandarin learning experience and
to complement findings of previous L2 studies (Zhang 2017) using an error-based
approach, the current study adopted the wug test paradigm to investigate the effect
of Mandarin learning experience on L2 learners’ phonological knowledge of T3
sandhi. Specifically, experienced versus inexperienced (non-tonal) Korean-speaking
adult L2 learners, who were relatively understudied in the previous literature, were
compared in their productions of different types of Chinese words (real, pseudo,
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and novel words). The productions were then acoustically analyzed and statistically
modeled to examine their phonological knowledge of T3 sandhi and uncover the
underlying mechanism involved.

2 Methods

2.1 Participants

Sixteen native Korean speakers (mean age: 24.6, SD: 4.3, nine females and seven
males) who learnedMandarin as the L2 participated in this study. All the L2 learners
reported that (Seoul) Korean was their L1, and that both their parents were native
Korean speakers. They were all college students studying in Shanghai, China. Addi-
tionally, they reported having learned Mandarin after the age of 12 and not having
been exposed to tone languages other than Mandarin. They reported normal hearing
and no history of speech or language disorders. In compensation for their time, the
participants each received the equivalent of ten US dollars.

Crucially, to test the effect of Mandarin learning experience on the phonological
knowledge of T3 sandhi, eight L2 learners who had passed HSK 5 were recruited
as experienced learners. Another eight L2 learners who had not passed HSK 5 were
recruited as inexperienced learners. The L2 learners’ Mandarin learning experience
is summarized in Table 1. As can been seen from their biographical information, both
the experienced and inexperienced learners started learning Mandarin at a similar
age, that is, around 20 years old. However, the experienced learner group received
Mandarin instruction for a longer time in the classroom and spent a longer time
immersed in Mandarin-speaking areas than the inexperienced learner group.

Table 1 Biographical information of experienced and inexperienced Korean-speaking L2 learners
of Mandarin

AOE
(year)

Years of Mandarin
Instruction

LOR
(month)

Experienced Learner Group
(n = 8)

20
(3.4)

3.4
(2.1)

39.0
(24.4)

Inexperienced Learner Group
(n = 8)

21
(3.6)

1.6
(1.0)

8.1
(5.9)

Mean (standard deviation), AOE age of first exposure to Mandarin, LOR length of residence in
Mandarin-speaking areas
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2.2 Materials

Following the experimental design of Zhang and Lai (2010) and Chen et al.
(2019), a Chinese wug test was conducted with the Korean-speaking L2 learners
of Mandarin. The items were disyllabic words consisting of either actual occur-
ring (AO) morphemes such as měi with 美 as corresponding Chinese character or
accidental gaps (AG) such as hĕi with no corresponding Chinese character. To test
the phonological knowledge of T3 sandhi, three sets of disyllabic test words which
carry T3 in the first and second syllables, as listed in Table 2, were constructed as
follows: (1) real words: real Chinese disyllabic words (AO-AO); (2) pseudo words:
non-occurring sequences consisting of actual occurring morphemes (*AO-AO); (3)
novel words: non-occurring sequences of non-occurring syllables of accidental gaps
(AG–AG).

All the chosen real words and individual character/morpheme for pseudo and
novel words were selected from the textbook used for the Mandarin class at Year 1.
Thus, the L2 learners in this study were supposed to be familiar with the test items. In
order not to reveal the purpose of the experiment, a total of 60 disyllabic filler words
were used. The filler words included real words, pseudo words, and novel words
in a similar design with the other 15 tonal combinations (T3 + T1; T3 + T2;T3
+ T4; T1-T1; T1-T2; T1-T3; T1-T4; T2-T1; T2-T2; T2-T3; T2-T4; T4-T1; T4-T2;
T4-T3; T4-T4). In total, there were 12 test words (4 items * 3 word types) and 60
filler words (4 items * 15 tone combinations) with all possible tonal combinations
in the test. Before the experiment, each monosyllable used for the test words and
filler words was recorded with three repetitions by a female native speaker of Beijing
Mandarin. Recordings were conducted in a soundproof room using a microphone
linked to a digital recorder. One token for each target monosyllable was chosen from
three repetitions by the investigator based on its intelligibility and sound quality.

Table 2 Test words used in
the condition of real words,
pseudo words, and novel
words

Word type Chinese characters Chinese pinyin

Real words (AO + AO) 美好
手表
整理
可以

měihǎo
shǒubiǎo
zhěnglı̌
kěyı̌

Pseudo words (*AO +
AO)

美朵
手怎
整早
可散

měiduǒ
shǒuzěn
zhěngzǎo
kěsǎn

Novel words (AG +
AG)

NA hĕidiǔ
cǒusĕn
sĕnduı̆
tĕcǒu
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2.3 Procedures

The task was conducted using the paradigm software (Perception Research Systems,
Inc. https://www.paradigmexperiments.com/). In each trial, two monosyllables were
presented in an auditorymode to the participantswith 800ms in between. Eachmono-
syllable was also presented visually with their characters (if available) and phonetic
symbols (pinyin) along with sounds. The participants were instructed to put the two
monosyllables they heard together to verbally produce a disyllabicword inMandarin.
They were instructed to speak at a normal speaking rate and could self-correct when
necessary. The experiment started with a demonstration session with the investigator
demonstrating how to put the two monosyllables together by verbally producing a
disyllabicword inMandarin. The demonstration sessionwas then followed by a prac-
tice session involving ten new practice trials, in which the participants were allowed
to practice the task before the experimental session. In the experimental session, the
order of trial presentation was randomized across participants within one block.

2.4 Measurements

Participants’ verbal productions were acoustically coded in Praat (Boersma and
Weenink 2018). The fundamental frequency (F0) was extracted at ten equidistant
points within each annotated vowel using the ProsodyPro Praat script (Xu 2013).
The extracted F0 values were then converted from Hz to semitones with a reference
of 50Hz. The F0 values of each tokenwere z-score normalized against themean pitch
across all tokens for each individual speaker using the following formula: Normal-
ized pitch = Observed pitch – Mean pitch / Standard deviation of pitch (mean pitch
and standard deviation of pitch are the grand mean and standard deviations of all
tokens per individual participant).

2.5 Data Analysis

Four tokens (one token from the experienced learner group, three tokens from the
inexperienced learner group) for disyllabic test words were excluded from the anal-
ysis. Two tokens were produced as two isolated monosyllables (syllable interval
longer than 300 ms) and the other two tokens were produced with errors (T3 mispro-
nounced as T1 or T4). A total of 188 tokens for disyllabic test words were included
in the data analysis (95 tokens from the experienced learner group; 93 tokens from
the inexperienced learner group).

The dependent variable for the statistical analyses was normalized pitch values in
semitone. The growth curve analysis (GCA)has the intercept for average pitch values,
and it also uses the poly function to generate two other parameters for pitch shape, the

https://www.paradigmexperiments.com/
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first-order linear polynomial, and the second-order quadratic polynomial. The two
polynomials enable us to model participants’ normalized pitch shape (curves) over
time. According to Mirman (2014), the intercept captures the average pitch value
with the higher the intercept, the higher the average pitch value; the linear polynomial
captures the pitch slope with a positive (t) value indicating a rising pitch and a larger
value indicating more steepness and vice versa; the quadratic polynomial indicates
a single-inflection curve of pitch shape with a positive (t) value indicating a concave
shape and a larger value indicating a more concave pitch shape and vice versa.

The GCAs were conducted with the lme4 package in R (Bates et al. 2015). The
analyses included the two polynomials (linear and quadratic) modeling pitch shape,
condition (real words, pseudo words, and novel words), and group (experienced
learners; inexperienced learners) as fixed effects. The effect of condition was dummy
coded with real words as baseline, whereas group was contrast-coded (i.e., -0.5
and 0.5). A back-fitting function from the package LMERConvenienceFunctions
in R (Tremblay and Ransijn 2015) was used to identify the model that accounted
for significantly more of the variance than simpler models, as determined by log-
likelihood ratio tests; only the results of themodel with the best fit are presented, with
p values being calculated using the lmerTest package in R (Kuznetsova, Brockhoff,
and Christensen 2018). All analyses included participant as random intercept and the
orthogonal polynomials as random slopes for the participant variable, which allowed
the analysis to model a line of a different shape for each individual participant. A
larger analysis that tested three-way interaction between the effects of polynomials,
condition, and group was conducted to determine whether the two L2 groups differ
in their tone production across the three word conditions and justify the main GCAs
conducted separately to test the interactions between the effects of polynomials (also,
intercept) and group in each condition. TheGCAswere conducted separately for each
condition with the alpha level being adjusted to 0.017 for each of the three models.

To conclude that theMandarin learning experience influencedL2 learners’ phono-
logical knowledge of T3 sandhi (Chen et al. 2017), the GCA in each word condition
must reveal either a main effect of group (interpreted on the intercept) or interactions
between group and at least one polynomial (the linear or quadratic polynomial).
Specially, a main effect of group indicates the participants’ average pitch values are
different between the two L2 groups, whereas the interaction between the effects of
group and polynomials indicates that the shape (pitch slope indexed by the linear
polynomial or concave shape indexed by the quadratic polynomial) of participants’
pitch shape is different between the two L2 groups. Given the nature of the wug test,
it is predicted that the two L2 groups will show differences in their production of
pseudo and novel words, but not necessarily their production of real words which
might not tap into L2 learners’ underlying phonological knowledge given learners’
familiarity with these words.
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3 Results

Figure 1 shows normalized pitch values (semitones) of the first syllable in T3 sandhi
disyllabic words produced by experienced and inexperienced Korean-speaking
learners for real words, pseudo words, and novel words. As illustrated in Fig. 1,
the rising slope carried by Syllable 1 indicates that both experienced and inexpe-
rienced Korean-speaking L2 learners had correctly applied the T3 sandhi rule to

Fig. 1 Normalized pitch values in semitones of Syllable 1 in T3 sandhi words produced by expe-
rienced Korean-speaking learners (red, solid) and inexperienced learners (blue, dashed) in the
condition of real words (top), pseudo words (middle), and novel words (bottom); the shaded area
represents one standard error above and below the participant mean
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real, pseudo, and novel disyllabic words. That is, they changed the tone of the first
syllable (T3) to a rising tone (T2) in the T3 sandhi context. However, a visual inspec-
tion of Fig. 1 suggests that while the experienced and inexperienced learner groups
had a similar pitch shape of Syllable 1 for real words, they had different acoustic
realizations of Syllable 1 for pseudo words and novel words.

To determine whether the two L2 groups differ in their tone production across the
three word conditions and justify the main analysis of three GCAs conducted in each
condition as illustrated in Fig. 1, a larger GCA was performed on the normalized
pitch values (semitone) of Syllable 1 in T3 sandhi disyllabic words with the effect of
condition (real words, pseudo words, and novel words; baseline: real words), group
(experienced learners; inexperienced learners; contrast-coded), and two polynomials
(linear and quadratic; baseline: linear) modeling pitch shape as fixed factors. The
results of this GCAwith the best fit are presented in detail in Table 4 of the Appendix.
The GCA with the best fit on the normalized pitch values included the linear and
quadratic polynomials, condition, group, and the interactions between the linear
polynomial and other factors. Importantly, there was a three-way interaction between
the linear polynomial, condition, and group (for the pseudo words condition). The
main GCAs were therefore performed on the effects of the linear polynomial and
group separately for real words, pseudo words, and novel words, as illustrated in
Fig. 1.

Table 3 presents the results of the main GCAs which included an effect of linear
polynomial, group (contrast-coded), and their interaction in each condition. Of the
results of the GCA on real words in Table 3, the significant positive t value for the
linear polynomial indicates that L2 learners’ normalized pitch for the real words
had a rising pitch slope. There was no significant effect of group (experienced:
0.19 semitone; inexperienced: 0.16 semitone). Crucially, there was no significant
interaction effect between the linear polynomial and group. The results of the model
on real words suggest that the experienced and inexperienced learner groups had
their T3 sandhi form of Syllable 1 produced as a rising tone with no difference in
average pitch values and pitch slope.

For the results of the GCA on pseudo words, the linear polynomial was not
significant.However, the significant positive t value for the group effect (experienced:
0.29 semitone; inexperienced: 0.05 semitone) indicates that the T3 sandhi form of
the experienced learner group had higher pitch values than that of the inexperienced
learner group for pseudo words. Crucially, the significant positive t value for the
interaction between the linear polynomial and group indicates that the T3 sandhi
form of the experienced learner group had a steeper rising slope than that of the
inexperienced learner group for pseudo words. The results of the model on pseudo
words suggest that the experienced learner group had their T3 sandhi form of Syllable
1 produced with higher pitch values and a steeper rising slope than the inexperienced
learner group.

For the results of the GCA on novel words, the linear polynomial was not signif-
icant. However, the significant positive t value for the group effect (experienced:
0.29 semitone; inexperienced: 0.14 semitone) indicates that the T3 sandhi form of
the experienced learner group had higher pitch values than that of the inexperienced
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Table 3 Growth curve analyses on normalized pitch values (semitone) of syllable 1 in the T3
sandhi context for real words, pseudo words, and novel words

Condition Effect Estimate t p

Real words (Intercept) 0.409 6.736 < 0.001

Polynomial

Linear 0.380 3.211 < 0.01

Group 0.010 0.226 0.821

Polynomial × Group

Linear 0.322 2.280 0.023

Pseudo words (Intercept) 0.276 4.485 < 0.001

Polynomial

Linear – 0.177 – 1.945 0.069

Group 0.117 3.921 < 0.001

Polynomial × Group

Linear 0.272 2.880 < 0.01

Novel words (Intercept) 0.339 4.759 < 0.001

Polynomial

Linear – 0.088 – 0.874 0.389

Group 0.111 2.612 < 0.01

Polynomial × Group

Linear – 0.222 – 1.650 0.099

α = 0.017, significant results are in bold, real words: n = 640 observations, pseudo words: n = 620
observations, novel words: n = 620 observations

learner group for novel words. There was no significant interaction effect between
the linear polynomial and group. The results of the model on novel words suggest
that the experienced learner group had their T3 sandhi form of Syllable 1 produced
with higher pitch values, without difference in pitch slope, than the inexperienced
learner group.

To summarize the experienced and inexperienced groups of Korean-speaking L2
learners, both correctly pronounced a rising tone for Syllable 1 of the real words;
however, their phonological knowledge of T3 sandhi in pseudo words and novel
words differed. Specifically, the experienced learner group had higher pitch values
and a steeper rising slope for pseudo words, and higher pitch values for novel words,
than the learner group with less learning experience.

4 Discussion

The present study examined the effect of Mandarin learning experience on Korean-
speaking L2 learners’ phonological knowledge of T3 sandhi when producing real,
pseudo, and novel Chinese words. The results of the acoustic analysis indicated that
the Korean-speaking L2 learners with more learning experience were better at using
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the phonological knowledge of T3 sandhi than less experienced learners in producing
pseudo and novel words, but not real words. In the text below, we first discuss the
effect ofMandarin learning experience on the L2 learners’ better use of phonological
knowledge of tones and then turn to the discussion of L2 pedagogical implications
which could be applied to the Mandarin language classroom.

First, the finding regarding the Mandarin learning experience is consistent with
previous studies on the L2 acquisition of Mandarin tones in isolation (Hao 2018;
Sun 2012) and in tonal contexts (He and Wayland 2010; Yang 2011). While T3
was often mispronounced as T2 by L2 learners as the two tones are neutralized in
the T3 sandhi context (Hao 2012; Yang 2011), an increased learning experience
could help L2 learners reduce pronunciation errors of the T3 half-form (21) in the
non-sandhi context (Zhang 2017). Complementing the existing studies of L2 tone
acquisition, our findings supported with acoustic evidence further suggested that an
increased learning experience also facilitated the L2 learners’ use of their phonolog-
ical knowledge in the sandhi context, with the experienced learners producing the T3
sandhi form (35) of pseudo and novel words more accurately than the inexperienced
learners. Compared with inexperienced L2 learners of Mandarin, experienced L2
learners might have been more exposed to natural tonal variants in the Mandarin-
speaking environment and thus should have more robust representations of lexical
tones (Qin, Tremblay, and Zhang 2019).

Second, the results of T3 sandhi production across different word types found
for the experienced and inexperienced L2 learner groups are also in line with devel-
opmental studies testing children’s phonological knowledge of T3 sandhi (Huang,
Zhang, and Zhang 2018; Huang, Zuo, and Zhang 2019). With an increased exposure
to natural tonal variants of T3 and a stronger phonological/morphological aware-
ness, a developmental trajectory emerged with older children’s production of the
T3 sandhi form becoming more adult-like than younger children’s production. In
a similar vein, a learning trajectory was found in this study with the experienced
learners’ production of the T3 sandhi form, specifically for pseudo and novel words,
becoming more acoustically accurate than the inexperienced learners’ production.

The effect of Mandarin learning experience revealed for pseudo and novel words,
but not for real words, is presumably attributed to the nature of Mandarin T3
sandhi. As Zhang and Lai (2010) found, adult native Mandarin speakers differently
pronounced the T3 sandhi form between real words and non-real words (including
both pseudo and novel words), with the T3 sandhi form for non-real words having a
less rising slope than that for real words. Thus, even native speakers may experience
some difficulty using their phonological knowledge of T3 sandhi, which is not as
phoneticallymotivated as other T3 variants (i.e., T3 half-form) (Zhang andLai 2010).
It is not surprising that, like adult native Mandarin speakers, L2 learners also had
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difficulty applying the rule when producing the pseudo words and novel words with
less experienced L2 learners having greater difficulty than their more experienced
counterparts. Another possibility is that L2 learners’ lexical knowledge, such as their
familiarity with spoken forms of real words, may have assisted them in applying the
T3 sandhi rule successfully for real words instead of other words regardless of their
Mandarin learning experience. To tease apart the effect of tone sandhi nature from
L2 learners’ word familiarity, future studies may consider testing the (experienced
and inexperienced) L2 learners’ phonological knowledge of different types of tone
sandhi (less phonetically motivated tone sandhi such as T3 sandhi variant vs. more
phoneticallymotivated tone sandhi/coarticulation such as T3 half-formvariant) using
both real and non-real words (see Chen et al. 2017 for an example).

Interestingly, the experienced learner group had higher pitch values and a steeper
rising slope than the inexperienced learner group for pseudo words, suggesting a
better use of their phonological knowledge of T3 sandhi. However, they showed
higher pitch values than their inexperienced counterparts only for novel words.
One plausible explanation for the different effects of Mandarin learning experi-
ence between pseudo words and novel words is that both experienced and inex-
perienced learners shared a difficulty applying the T3 sandhi rule in novel words
(not in pseudo words) given the novelty of the items. On the other hand, the expe-
rienced learners’ increased exposure to Mandarin tonal input and larger vocabulary
size might have resulted in a greater explicit awareness of novel words, which was
presumably indexed by higher pitch values in their production of the T3 sandhi form
(see Huang et al. 2019 for similar findings). To corroborate the plausibility, further
studies are required to recruit native speakers as reference to investigate whether the
T3 production of experienced learners is more acoustically native-like in terms of
average pitch values and a rising slope than that of inexperienced learners (Chen
et al. 2019).

This research not only deepens our understanding of the mechanism underlying
L2 learners’ production of the T3 sandhi form but also provides pedagogical impli-
cations for Mandarin language teachers. The results of our current research showed
that inexperienced Korean-speaking L2 learners of Mandarin had greater difficulty
than their experienced counterparts in generalizing their phonological knowledge
of T3 sandhi from production of real words to that of pseudo and novel words.
This difficulty for inexperienced L2 learners was possibly attributed to a less robust
representation of T3, which has different tone variants. As Zhang (2017) pointed
out, the citation form (214) of T3 is often taught to L2 learners first and thus might
be treated as a default form of T3 by L2 learners. In contrast, both the sandhi form
(35) and the T3 half-form (21) are not introduced in detail in the classroom setting.
Accordingly, quite a few L2 Mandarin teaching practitioners also assume that the
citation form (214) of T3 is the primary form and thus treats other variants of T3
as “unnatural” (Sun 1997). As a result of classroom instruction, L2 learners who
have limited exposure to tonal variants will not have an explicit awareness of the
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differences between T3 variants, and they will be less likely to apply the T3 sandhi
rule to contexts other than familiar contexts (e.g., real words). Mandarin teaching
practitioners are thus suggested to treat T3 as a special case given its difficulty for
L2 learners and then integrate detailed pronunciations of its sandhi form and other
variants in the L2 teaching curriculum (see the chapter by Jiang Liu).

TohelpL2 learners overcome their difficulties using their phonological knowledge
of T3 sandhi, Mandarin language teachers are specifically encouraged to develop L2
teachingmaterials that focus on the application of the T3 sandhi rule, preferably using
not only real words but also pseudo/novel words (Zhang 2017, 2018). One approach
to deal with L2 learners’ difficulty would be to have them complete intensive training
in a laboratory setting, in which learners are required to learn to pay more attention
to the differences between the T3 sandhi form and other variants in their production
as well as perception of real and non-real (pseudo and novel) words (Li, Yang, and
Chen 2018). Furthermore, to assist L2 learners in building a robust representation of
Mandarin tones, acoustically variable tonal stimuli produced by different speakers
(female and male), in different tonal contexts (sandhi and non-sandhi contexts), and
in different types of words (real and non-real words), can be used in such a training
paradigm (see the chapter by Yingjie Li). This high-variability training paradigm
would initially improve L2 learners’ ability in distinguishing tonal variants (the
citation form vs. the sandhi form) in different contexts (Chang and Bowles 2015;
Liu and Zhang 2016; Wang et al. 1999; Wang, Jongman, and Sereno 2003). And it
would result in a more robust representation of tonal categories in the long term and
ultimately a more efficient use of Mandarin tones for L2 learners.

To the best of our knowledge, the present study is one of the first to examine the
effect ofMandarin learning experience onL2 learners’ phonological knowledgeofT3
sandhi in word production. The findings suggest that experienced Korean-speaking
L2 learners were better in using their phonological knowledge of T3 sandhi than
less experienced learners in producing pseudo and novel words, but not real words.
These findings shed light on L2 learners’ underlying mechanism of producing tones
in the sandhi context and provide pedagogical implications for Mandarin teaching
in the classroom setting. More importantly, the study sparks interest in questions
regarding the different types of tone sandhi and the native likeness of the tone sandhi
production for further research.
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(See Table 4).
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Table 4 Growth curve analyses on normalized pitch values (semitone) of Syllable 1 in the T3
sandhi context

Effect Estimate t p

(Intercept) 0.176 3.223 < 0.01

Polynomial

Linear 0.750 6.026 < 0.001

Quadratic 0.626 8.664 < 0.001

Group 0.010 0.246 0.806

Condition (Pseudo) – 0.046 – 0.256 0.798

Condition (Novel) 0.034 1.574 0.116

Polynomial × Group

Linear 0.322 2.482 0.013

Polynomial × Condition (Pseudo)

Linear – 0.224 – 2.416 0.016

Polynomial × Condition (Novel)

Linear – 0.266 – 2.868 0.004

Group × Condition (Pseudo) 0.112 1.913 0.051

Group × Condition (Novel) 0.089 1.522 0.128

Polynomial × Group × Condition (Pseudo)

Linear – 0.548 – 2.961 0.003

Polynomial × Group × Condition (Novel)

Linear – 0.041 – 0.221 0.825

α = 0.05, significant results are in bold,n = 1880 observations
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