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Abstract

This study investigates the categorical perception of Mandarin tones by Yan-
bian Korean Chinese students through identification and discrimination experi-
ments. The experimental results show that Yanbian Korean Chinese university
students with a high degree of Korean-Chinese bilingualism approach or reach
native speaker level in their perception of Mandarin tones. Except for the T2-
T3 pair, the degree of perceptual categorization for other tone contrasts shows
little difference from that of native speakers. Native language background and
a high degree of bilingualism may be contributing factors for Yanbian Korean
Chinese students’ perception of Mandarin tones approaching or reaching native
speaker level, while the low level of categorical perception for T2-T3 is consistent
with previous research findings on Mandarin learners with different native lan-
guage backgrounds, suggesting that the similarity in phonetic-acoustic features
between these two tones may prevent even advanced learners from successfully
establishing native-like perception patterns.

Full Text

Preamble

Research on second language (L2) tone perception has demonstrated that learn-
ers’ first language (L1) prosodic systems significantly influence their acquisition
of Mandarin tones. Studies conducted around 2010 revealed that L2 learners
exhibit varying degrees of difficulty in perceiving Mandarin tones, with perfor-
mance closely tied to their L1 background. Hao (2012) found that speakers of
tonal and non-tonal languages follow distinct developmental trajectories when
acquiring Mandarin tones, while So (2005) showed that Cantonese and Japanese
listeners experience different patterns of tonal confusion due to their L1 prosodic
systems. Minagawa-Kawai et al. (2005) further demonstrated that native and
non-native speakers employ different neural strategies during categorical per-
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ception of phonemes, suggesting that L1 experience shapes the fundamental
mechanisms of speech perception.

The concept of “fine-grain sensory encoding ability” has been proposed to ac-
count for individual differences in L2 tone perception among learners with sim-
ilar L1 backgrounds. Wang (2013) investigated how L1 experience and training
affect the perception of Mandarin tones, revealing that both factors significantly
influence categorical perception development. Several studies (e.g., 2005; 2011;
2013) have examined the psychophysical mechanisms underlying categorical per-
ception, highlighting the complex interplay between linguistic experience and
perceptual processing.

The present study focuses on Yanbian Korean bilinguals, a unique population
whose L1, Yanbian Korean, possesses a complex prosodic system. Yanbian Ko-
rean exhibits a pitch accent system where lexical items are distinguished by high
(H) and low (L) tonal patterns, as documented in historical linguistic research
(Ito 2008, 2014; Ito & Kenstowicz 2009). Unlike Mandarin’ s lexical tone system,
Yanbian Korean’ s pitch accent operates at the word level, with patterns such as
the final accent class (e.g., ©{HL| [d.md.ni], where 1 indicates low tone and { indi-
cates high tone) and penultimate accent class (e.g., 7472| [ke.dzu. dk.ts*1]). This
system coexists with segmental phonology and intonational phrasing, creating
a multifaceted prosodic structure (Jun, 2005).

The phonological proximity between Yanbian Korean and Mandarin, particu-
larly in their use of pitch contrasts, suggests that Yanbian Korean speakers may
possess enhanced sensitivity to Mandarin tones. However, the systems differ
fundamentally: Yanbian Korean employs a binary pitch accent contrast, while
Mandarin utilizes four distinct lexical tones. This distinction raises important
questions about transfer effects and the extent to which L1 prosodic experience
facilitates L2 tone perception.

Categorical perception is typically assessed through two complementary tasks:
identification and discrimination. Identification tasks measure listeners’ ability
to assign stimuli to discrete categories, while discrimination tasks assess their
sensitivity to within- versus between-category differences. The categorical per-
ception paradigm, established in classic studies (Liberman et al. 1957; Studdert-
Kennedy et al. 1970; Xu et al. 2006), reveals that listeners show enhanced dis-
crimination at category boundaries but reduced sensitivity within categories.
Key metrics include the width of identification (Xcb) and the peakedness of
discrimination (Wcb), which quantify the sharpness of categorical boundaries
and the degree of perceptual clustering, respectively.

Methodology
2.1 Participants

Thirty-four Yanbian Korean university students (15 male, 19 female) partic-
ipated in this study. All were native speakers of Yanbian Korean who had
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acquired Mandarin Chinese as a second language through formal education. Par-
ticipants reported nearly balanced bilingual competence, with daily exposure to
both languages in academic and social contexts. Twenty-five native Mandarin
speakers (10 male, 15 female) served as the control group. All participants had
normal hearing and no history of speech or language disorders.

2.2 Stimulus Materials

The stimulus set comprised synthesized Mandarin tone continua generated using
PSOLA (Pitch Synchronous Overlap and Add) resynthesis. Four Mandarin
tones (T1, T2, T3, T4) were used to create six tone continua: T1-T2, T1-T3,
T1-T4, T2-T3, T2-T4, and T3-T4. Each continuum consisted of 11 equidistant
steps spanning the acoustic space between endpoint tones.

The synthesis process involved recording natural Mandarin productions and
extracting pitch contours. For each continuum, the pitch values of the endpoint
tones were interpolated linearly to generate intermediate steps. For example,
in the T1-T2 continuum, Step 1 represented a canonical T1 (high-level tone)
and Step 11 represented a canonical T2 (rising tone), with Steps 2-10 forming a
graded transition. All stimuli were normalized to 500 ms duration and matched
for intensity. The sampling rate was 22,050 Hz with 16-bit resolution.

Acoustic parameters for the synthesized stimuli are summarized in [Figure 2:
see original paper] and [Figure 3: see original paper]. For the T1-T2 continuum,
the pitch range extended from 172.72 Hz to 297.58 Hz. The T1-T3 contin-
uum ranged from 126.65 Hz to 294.91 Hz, while the T1-T4 continuum spanned
102.58 Hz to 316.92 Hz. Similar acoustic specifications were established for the
remaining continua.

2.3 Experimental Procedure

Participants completed two tasks in a sound-attenuated booth: an identification
task and an AX discrimination task.

Identification Task: On each trial, participants heard a single stimulus and
identified it as one of four Mandarin tones by pressing corresponding buttons
labeled “T'1,”“T2,”“T3,”and “T4.”Each of the 132 stimuli (12 steps x 11 continua)
was presented twice in random order, resulting in 264 trials. Responses were
self-paced, with a 500 ms inter-trial interval.

Discrimination Task: The AX paradigm required participants to judge
whether two sequentially presented stimuli were identical or different. Each
trial consisted of two stimuli separated by a 500 ms inter-stimulus interval.
The stimulus pairs could be identical (AA or BB) or different (AB or BA),
with the second stimulus always differing from the first by 2-3 steps along the
continuum. Participants responded using “same” or “different” buttons. Each
continuum contributed 324 trials (18 same pairs + 9 different pairs x 12 steps),
presented in random order across two sessions.

chinarxiv.org/items/chinaxiv-201811.00128 Machine Translation


https://chinarxiv.org/items/chinaxiv-201811.00128

ChinaRxiv [$X]

Stimuli were delivered binaurally through Sony MDR-7506 headphones at 72
dB SPL. The experiment was controlled by E-PRIME software.

2.4 Data Analysis
Three primary dependent measures were calculated:

(1) Identification Functions and Boundary Width (Xcb): For each par-
ticipant and continuum, identification probabilities were fitted with binary lo-
gistic regression: log(P /(1-P )) = b + b x, where P represents the probability
of identifying the stimulus as Tone 1, x denotes the step number along the con-
tinuum, and b and b are regression coefficients. The category boundary (Xcb)
was defined as the step corresponding to a 50% identification rate: Xcb =-b /b .
The boundary width (Wcb) quantified the steepness of the identification func-
tion, calculated as the difference between steps corresponding to 25% and 75%
identification rates. Smaller Wch values indicate sharper category boundaries
and more robust categorical perception.

(2) Discrimination Accuracy and Peakedness (Ppk): Discrimination per-
formance was computed using the formula P = P( “S” |S) x P(S) + P( “D”
D) x P(D), where P( “S” |S) represents the hit rate for same trials, P( “D”
ID) represents the hit rate for different trials, and P(S) and P(D) denote the
prior probabilities of same and different trials (1/3 and 2/3, respectively, in
this design). Between-category discrimination accuracy (Pbc) was calculated
for stimulus pairs crossing the identification boundary, while within-category
accuracy (Pwc) was computed for pairs drawn from the same category. The
discrimination peakedness (Ppk) indexed the difference between Pbc and Pwe,
with higher values indicating stronger categorical perception.

Statistical analyses were conducted using Excel 2010 and IBM SPSS 20.0.

Results
3.1 Identification and Discrimination Functions

[Figure 4: see original paper| through [Figure 9: see original paper| display the
identification and discrimination functions for each tone continuum. For native
Mandarin speakers, all continua exhibited sharp identification boundaries and
peaked discrimination functions, characteristic of robust categorical perception.
The T1-T2 continuum showed a clear boundary at Step 4, with maximal dis-
crimination accuracy at the category boundary. Similar patterns were observed
for T1-T3, T1-T4, T2-T4, and T3-T4 continua.

For Yanbian Korean listeners, the results revealed a more nuanced pattern.
While identification functions for T1-T2, T1-T3, T1-T4, and T2-T4 continua
closely approximated those of native speakers, the T2-T3 continuum presented
a notable exception. Identification boundaries were less sharply defined, and
discrimination functions failed to show the characteristic peak at the category
boundary, instead displaying relatively flat response profiles.
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3.2 Category Boundaries and Boundary Width

Mean Xcb and Wcb values are presented in . For the T1-T2 continuum, native
speakers’ Xcb was located at Step 4.0, with Yanbian Korean listeners showing
a comparable boundary (Xcb = 4.04). No significant group differences emerged
for Xcb across most continua (all p > 0.05), except for T2-T3 (F(1,1094) =
23.127, p < 0.005) and T3-T4 (F(1,742) = 38.25, p < 0.005), where Yanbian
Korean listeners exhibited significantly different boundary locations.

Analysis of Wcb revealed that Yanbian Korean listeners produced significantly
wider boundaries for the T2-T3 continuum compared to native speakers, in-
dicating less precise category differentiation. Specifically, the T2-T3 Wcb for
Yanbian Korean listeners was 0.5 steps broader than that of native speakers (p
< 0.05). For other continua, Wcb values did not differ significantly between
groups.

3.3 Discrimination Accuracy and Peakedness

Discrimination performance metrics are summarized in . Native Mandarin
speakers demonstrated significant discrimination peakedness (Ppk) across all
continua, with Pbc substantially exceeding Pwc (all p < 0.005). The largest
Ppk values were observed for T1-T2 (40.00%) and T1-T4 (35.92%) continua.

Yanbian Korean listeners showed comparable Ppk for most continua, with sig-
nificant between-category advantages (Pbc > Pwc) for T1-T2, T1-T3, T1-T4,
and T2-T4 (all p < 0.005). However, for the T2-T3 continuum, the difference
between Pbc and Pwe failed to reach significance (p = 0.17), and Ppk was
markedly reduced (8.47%) compared to native speakers. This pattern indicates
impaired categorical perception specifically for the T2-T3 contrast.

Discussion

The present investigation reveals that Yanbian Korean bilinguals with exten-
sive Mandarin exposure achieve near-native categorical perception of Mandarin
tones across most contrasts. Their performance on T1-T2, T1-T3, T1-T4, and
T2-T4 continua demonstrates sharp identification boundaries and robust dis-
crimination peakedness, comparable to native Mandarin speakers. These find-
ings align with previous research indicating that L1 prosodic experience can
facilitate L2 tone acquisition when the systems share phonetic dimensions.

The exceptional difficulty with T2-T3 perception, however, mirrors findings
reported for diverse L2 learner populations, including speakers of non-tonal lan-
guages and even advanced Mandarin learners. The phonetic similarity between
T2 (rising) and T3 (dipping) contours appears to create a persistent perceptual
challenge that resists amelioration through L1 transfer or extended L2 experi-
ence. This difficulty may stem from the overlapping pitch contours and dynamic
characteristics of these tones, which require fine-grained sensory discrimination
beyond what the Yanbian Korean pitch accent system provides.
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Theoretical accounts of L2 speech perception (Best 1995; Flege 1992, 1999) sug-
gest that L1-L2 phonetic similarity can either facilitate or hinder perception
depending on the degree of overlap. In this case, the binary H/L contrast in
Yanbian Korean may provide a foundation for perceiving Mandarin’ s tonal in-
ventory, but the subtle distinction between T2 and T3 exceeds the granularity
of the L1 system. This interpretation is consistent with the “Perceptual As-
similation Model” and “Speech Learning Model,” which predict that L2 sounds
sharing some but not all features with L1 categories pose particular learning
challenges.

From a pedagogical perspective, the T2-T3 contrast represents a critical
challenge for Mandarin instruction, even for learners with tone-language
backgrounds. The persistence of perceptual difficulty among advanced Yanbian
Korean bilinguals suggests that explicit training targeting this specific contrast
may be necessary. Techniques such as perceptual fading, adaptive training,
and enhanced acoustic cue weighting could potentially improve discrimination
sensitivity for this challenging pair.

The present findings also contribute to our understanding of bilingual process-
ing in tone languages. Yanbian Korean speakers’ balanced bilingualism appears
to support the development of distinct phonological systems, allowing them to
maintain native-like perception in both languages. This capacity for phono-
logical compartmentalization may be enhanced by the functional separation of
their languages in daily use, with Korean dominating domestic contexts and
Mandarin prevailing in academic settings.

Conclusion

This study demonstrates that Yanbian Korean bilinguals achieve near-native
categorical perception of Mandarin tones, with the notable exception of the T2-
T3 contrast. Their success across most tone pairs underscores the facilitative role
of L1 pitch accent experience, while the persistent T2-T3 difficulty highlights the
limits of positive transfer. These results have important implications for theories
of L2 speech perception and for the design of targeted tone training programs.
Future research should explore whether focused intervention can remediate the
T2-T3 perceptual deficit and investigate the neural correlates underlying this
specific difficulty.
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