Individual variability of acoustic-perceptual mapping in ongoing
merger: Observations from Cantonese Tone 4/Tone 6

Yubin Zhang
The Hong Kong Polytechnic University

Sociophonetic studies reveal several individual manifestations of mergers-in-
progress. In the current study, a combined identification and rating task was
conducted to investigate how the ongoing Cantonese Tone 4/Tone 6 (T4/T6)
(near-)merger manifests itself in individual perceptual space. The results indicated
that Cantonese listeners mapped synthesized Fo trajectories onto perceptual
representations differently. Our fine-grained analysis at the individual level
enabled us to identity a wider range of manifestations of the ongoing Cantonese
T4/T6 merger than previous studies on this tonal merger—clear (complete)
distinction, reduced distinction, near-merger with different degree of production
overlapping, complete merger and flip-flop. Our data also suggested that the
direction of this sound change is from T6 to T4, that is, the canonical level T6
gradually impinges on the space of T4 by exhibiting falling pitch contours. For
mergers-in-progress, evidence for individual or sociostylistic variations in
phonological representations and the production-perception asymmetry are in
favor of exemplar-based models of phonological representations and sound change.

1. Introduction

1.1 The configuration of mergers-in-progress

Individuals in a speech community typically exhibit a wide spectrum of
manifestations of mergers-in-progress: complete (clear) distinction, reduced distinction,
near-merger / flip flop and complete merger (Labov et al., 1991; Hall-Lew, 2013).

First, at the two ends of the spectrum, lie complete (clear) distinction and complete
merger. These two ends are thought to be the beginning and ending points of the life cycle
of a sound change. Individuals with complete distinction are considered as having a
phonological contrast that is closest to the canonical one, while those with complete merger
cease to retain the contrast in both production and perception.

Second, some individuals show a distinction, but their ability to produce and/or
perceive the contrast is attenuated. For instance, Labov et al.'s (1991) results on /er/-/Ar/
merger, €.g., MERRY/MURRAY and FERRY/FURRY, in Philadelphian English, suggest that some
Philadelphians, despite the fact that they maintained a distinction between /er/-/ar/, were
less capable of producing and/or perceiving the distinction than other Philadelphians.
Furthermore, compared with most of the non-Philadelphians with an evident distinction,
Philadelphians who could still distinguish these two categories typically showed reduced
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differences in production and perception. Such cases imply that ongoing sound change can
render the phonetic distributions for a phonological category closely approximated without
leading to merger.

Third, another well-known indication of merger-in-progress is near-merger (Labov
et al., 1991, 1972). Strictly speaking, the term ‘near-merger’ or ‘partial-merger’ refers to
any transitional stage between complete distinction and complete merger. Thus, there are
two kinds of near-merger: (1) merger in production and distinction in perception; (2)
merger in perception and distinction in production. The latter one is known as the classic
near-merger, where language users display consistent yet somewhat overlapping
distinctions in production but have difficulty distinguishing the contrast in perception. The
phenomenon of classic near-merger has been reported for vowels in varieties of English
(see Labov et al., 1991 for more details), Russian consonants (Diechm & Johnson, 1997)
and Cantonese tones (Fung et al., 2012). Take for example Labov et al.'s (1991) data on
Philadelphian vowel merger. They found that some speakers maintained a distinction in
production, but performed inferiorly in categorizing their own productions or clear tokens
produced by other speakers. Another phenomenon or concept similar to near-merger is
‘incomplete neutralization’, where a phonological contrast is supposed to be neutralized in
certain phonological contexts, but small acoustic differences associated with underlying
categories are still discernable instrumentally. In German, the voicing opposition has long
been thought to be completely neutralized in word-final positions, i.e., {b, d, g} — {p, t,
k} / D (domain-boundary), e.g., for lexical items like Rad /rad/ (traditionally transcribed
as [kat], ‘wheel’) and Rat /rat/ ([¥at] ‘advice’). However, a number of acoustic studies have
found some small but measurable phonetic differences between these putative neutralized
categories, like the duration of the preceding vowel. Perceptually, although listeners might
be capable of distinguishing devoiced (voiced) stops from voiceless ones in neutralizing
contexts, their performance was inferior compared with non-neutralizing contexts (Rottger
etal., 2014). Besides the final devoicing in German, American English t/d flapping (Braver,
2014), where {t, d} — ¢/ V__ V0 (VO: - stressed), and Mandarin tone 3 sandhi (Shu-hui,
2000), where T3 — T2/ T3, have also been argued to be cases of incomplete
neutralization. Taken together, near-merger or incomplete neutralization reveals that in
ongoing sound change, supposedly merged categories can be reliably separated in
production, but their perceptibility is substantially diminished or even disappear (Braver,
2014; Rottger et al., 2014).

Fourth, flip-flop, a surprising case on the merging spectrum, has also been
documented (Labov et al., 1972; Hall-Lew, 2013). Technically speaking, accurately
positioning the flip-flop phenomenon within the spectrum is difficult. According to Hall-
Lew (2013), flip-flop refers to a production pattern where the distinction is inverted in at
least one phonetic dimension and therefore the phonological contrast is maintained but
opposite to the canonical one. To take an example, Hall-Lew's (2013) study on the merger
of low back vowels in San Francisco English, i.e., /a/ (COT)— /o/ (CAUGHT) with CAUGHT
being backer and higher than coT in the vowel space, identified two flip-flopping speakers
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who produced either fronter CAUGHT than cot (flip-flop in the F» dimension) or lower
CAUGHT than coT (flip-flop in the F; dimension). The author further claimed that flip-flop
is a special case of near-merger as the two speakers seemed to perceive no distinction.
Although a clear picture of the flip-flop phenomenon remains to be unveiled, the existing
evidence suggests that individuals in a community undergoing merger can develop
phonological contrasts that are opposite to the canonical ones in certain phonetic
dimensions. In such cases, the production-perceptual asymmetry can also occur.

1.2 Theoretical approaches to phonological representations and sound change

Sociophonetic studies on indications of mergers-in-progress have provided a large
amount of empirical evidence on phonological representations and the underlying
mechanisms of sound change. Various theoretical approaches have been proposed to
elucidate the nature of phonological representations and the patterns of mergers-in-
progress.

Among these various approaches, classical modular feedforward models of
phonetics and phonology are probably the best-known one (see Pierrehumbert, 2001 and
Bermu Dez-Otero, 2007 for a review). These models are ‘modular’ because they assume
the modularity of phonological encoding and phonetic implementation. Phonological
representations are discrete and categorical, deprived of continuous phonetic information.
The phonetic module is responsible for computing gradient articulatory gestures. These
models are also ‘feedforward’ as information flows unidirectionally from the phonological
module to the phonetic one. According to the predictions of these models, sound change
commences from some gradient perturbations at the phonetic level. Then, gradient changes
accumulate and are stabilized at the phonological level. Thus, all gradient aspects of
mergers-in-progress, as displayed at the intermediate stages between complete distinction
and complete merger, is dealt with in the phonetic module. For instance, individuals with
reduced distinction represent the same set of phonological categories as those with clear
distinction, but the phonetic realizations of these categories exhibit a different degree of
distinction. However, although postulating a group of symbolic representatations without
phonetic gradiency neatly fulfils the requirements of theoretical simplicity and can indeed
account for numerous phenomena on the merging spectrum, there are several major
drawbacks of the modular feedforward architecture. First, mounting evidence suggests that
phonetic detail, such as memory traces of talker-specific voice (Goldinger, 1998, 1996)
and word-specific allophonic detail (Pierrehumbert, 2001), may also be part of the long-
term representations. It is unclear at which level this kind of knowledge is represented in
modular feedforward models. Second, according to Pierrehumbert (2001), these models do
not provide treatment of sociostylistic effects, e.g., gender, social class, etc., on mergers-
in-progress. Third, they cannot elegantly handle the dissociation between production and
perception, as observed in near-merger and incomplete neutralization.

The challenges faced by the traditional theories of phonetics-phonology interface
necessitate the modifications to classical theories or the development of alternative
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proposals. The exemplar-based models stand out from other approaches by providing new
insights into phonological representations and sound change (Yu, 2007). According to this
theory, phonological categories are viewed as clusters of similar exemplars, which are the
detailed episodic memory traces of phonetic experiences (Pierrehumbert, 2006; Goldinger,
1998). Therefore, phonological representations can be fine-grained in exemplar-based
models, compared with classic modular feedforward ones. More specifically for sound
variation and change, exemplar theories treat sound change as a consequence of alterations
and redistribution of exemplars. Therefore, cases like reduced distinction can be easily
explained as approximation of exemplars of distinct categories. Furthermore, as exemplars
can be acquired in different sociostylistic contexts, exemplar-based models can readily
explain sociostylistic variations in sound change. Finally, because exemplars assembled in
perception may not necessarily be employed for production, these models can also explain
the mismatch between production and perception, as observed in near-merger and
incomplete neutralization.

In light of the aforementioned empirical findings and theoretical innovations, the
current study aims at examining how ongoing merger manifests itself in the perceptual
space by providing a cross-sectional case study of the perception of the ongoing Cantonese
T4/T6 (near-)merger. Previous studies on mergers-in-progress, like some of those reviewed
above, mainly relied on acoustic analysis, which can precisely delineate individual acoustic
sound space. Although some studies employed perceptual experiments, the analysis was
coarse-grained, without revealing individual perceptual space. More specifically for
Cantonese T4/T6 (near-)merger, while the pereception of this tonal pair has been examined
in previous studies, we are not aware of any fine-grained examination of individual
percetual representations of these two tones. To achieve this goal, we seek to model
individual perceptual representations of the ongoing Cantonese T4/T6 (near-)merger, using
the perceptual data collected from a combined identification and rating task.

2. Backgrounds

2.1 Cantonese and Cantonese tones

Cantonese is one of the major varieties of the Chinese language in Guangdong and
Guangxi Provinces of China and overseas Chinese communities. The standard Cantonese,
also called Guangfu speech (J&/ff7f), is the prestigious variety spoken in Guangzhou
(Canton) and its neighboring areas, like Hong Kong and Macau, and is considered as the
lingua franca of the Pearl River Delta region (P71 = £y il ).

In phonological description, standard Cantonese has a complex tonal system with a
total of six lexical tones : high-level T1, high-rising T2, mid-level T3, low-falling T4, low-
rising TS, and low-level T6 (Bauer & Benedict, 1997). As illustrated in Figure 1, variations
in fundamental frequency (Fo hereafter) are mainly used to distinguish the six lexical tones
of Cantonese (Khouw & Ciocca, 2007; Vance, 1977). Cantonese T4 and T6 occupy the
lowest-pitched portion of Cantonese tonal space. T4 is typically transcribed as a low-falling
tone (21, J), but it can also be realized with an even pitch trajectory (11, 1). T6 is described
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as a low-level tone (22, 1), but its phonetic realization frequently exhibits a falling FO
contour, which is also common for other Cantonese level tones (Vance, 1977).
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Figure 1. The FO profile for six Cantonese tones realized on the syllable [si]. The data were obtained from
one male Cantonese speaker from Hong Kong, i.e., subject 10 (s/0) in our dataset.

2.2 Tone merging in Cantonese: T4/T6 as an ongoing (near-)merger

The complex tonal system of Cantonese is in the process of variation and merger
(Mok et al., 2013; Ou, 2012). There are mainly four tonal mergers reported in the literature
—T3/T6, T3/T5, T2/T5 and T4/T6.

The T4/T6 pair has been identified as a classic near-merger in Hong Kong
Cantonese (Fung et al., 2012) and Guangzhou Cantonese (Ou, 2012). For example, Fung
et al. (2012) compared the production and perception of the T4/T6 pair for Hong Kong
Cantonese speakers with and without near-merger. In production, compared with normal
controls, speakers with near-merger produced distinctive but more approximated pitch
contours for this tonal pair at the group level. In perception, the near-merger group had
difficulty discriminating the T4/T6 pair in an AX discrimination task, and in a later ERP
study, no reliable mismatch negativity (MMN) to the T4/T6 contrast was elicited for the
near-merger group in a passive oddball paradigm. The T4/T6 merger was also reported in
Malaysian Cantonese (Weng, 2014). Although no production and perception studies were
conducted in that study, it is likely that the reported T4/T6 merger is also a near-merger in
Malaysian Cantonese.

As for the direction of this sound change, there are chiefly two lines of evidence
supporting the claim that T6 is encroaching on T4’s tonal space, giving rise to
(near-)merger. First, when asked to identify natural T4 and T6 tokens, Hong Kong
Cantonese listeners tended to misidentify T6 as T4 more frequently than vice versa (Fok-
Chan, 1974; Varley & So, 1995). Second, Fung et al.’s (2012) production data revealed
that the approximation of the pitch trajectories of T4 and T6 seems to be unidirectionally
from T6 to T4. In other words, the T6 tokens produced by the near-merger group exhibited
a larger degree of pitch drop than the control group, approaching the tonal space of T4, but
the T4 tokens produced by the two groups appeared to be broadly comparable.
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3. Methods

3.1 Materials

The speech stimuli for this experiment were generated in PRAAT (Boersma &
Weenink, 2017) using KlattGrid speech synthesizer (Weenink, 2009). We recorded several
repetitions of one male speaker’s productions of the Cantonese words wa®/z% ([wa:{], ‘word,
utterance’) and wa*/# ([wa:{], ‘China, splendid”) and used these tokens as benchmarks for
synthesis. The vocal tract parameters were based on the syllable wa®.

To probe into Cantonese speakers’ mental representations of the two tones, we used
a series of densely spaced Fo contours in the low pitch range. We first selected 5 equally
spaced Fy levels in the speaker’s comfortable range for T4 and T6 production — 80, 90, 100,
110, 120 Hz. Then, the 5 Fo values were assigned to the starting and ending points of the
syllable respectively. Finally, we aligned the Fo values of the starting and ending points,
resulting in 5 level and 10 falling Fo trajectories (Figure 2). Note that we did not include
rising contours in our study, despite the fact that T4 has a high-rising pitch realization
derived from a tonal alternation process (Yu, 2007). The inclusion of this T4 variant would
further complicate the experiment.

0.00 0.25 0.50 0.75 1.00
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Figure 2. The 15 synthesized Fy trajectories used in the perceptual experiment. There are 9 levels of Fo MEAN—
80, 85,90, 95, 100, 105, 110, 115, 120 Hz, and 5 levels of Fo CHangE—0, 10, 20, 30, 40 Hz.

3.2 Participants

We recruited a total of 31 Cantonese speakers—11 males (age 24.3 +2.3) and 20
females (age 23.9 + 1.4). Except two overseas Chinese from Malaysia (s1 and s27), almost
all participants were born and raised in the Pearl River Delta region, including Hong Kong,
Macau and southern parts of Guangdong Province. Nearly all the participants spoke
standard Guangfu speech, except s§ from Zhanjiang (#£/). The participants also had some
knowledge of Mandarin Chinese and English. None of them reported any speech, language
and hearing impairments. They were paid for their participation in the experiment.

3.3 Procedure
A combined identification and goodness rating task was administered to the
participants in a sound-treated room. The speech stimuli were presented in PRAAT over the
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headset at a comfortable hearing level. All participants completed 4 practical trials before
the actual experiment. A total of 540 tokens' were pseudo-randomly presented in three
blocks. The participants were required to identify the tone of the speech stimuli—T4 ()
or T6 (&f)—Dby clicking on corresponding buttons. Then, after identifying the tone, they
were asked to judge the goodness of the tone on a scale of 1 (very bad) to 5 (very good).
Each stimulus was presented only once. After the responses of identification and goodness
rating were collected, the next stimulus was presented automatically. The goodness rating
task would allow us to identify unnatural tokens due to experiment artifacts, as these
artificial tokens would generally receive lower rating scores. More importantly, the rating
task could provide us with more information on individual tonal representations. For
example, if identification results reveal that a participant’s T4 responses increase as Fo
change becomes larger, we can only conclude that Fo change is a more important cue for
his/her T4 identification than T6 identification. It is likely that the participant represent
both tones as falling tones, although T4 falls to a greater degree. Moreover, supplementary
production data were also collected for some participants (see Appendix, Figure 7).

3.4 Data Analysis

The identification data were analyzed using a linear mixed-effects model
implemented in R (R Core Team, 2017). A mixed-effects model, including both fixed and
random effects, provides a powerful tool for investigating both the overall group-level
effects and individual differences. The fixed intercept and slope(s) are the overall group-
level parameters, while individual differences are modelled by the random-effects
component, which allows each participant to have their own intercepts and slopes. We fit
one generalized linear mixed-effects model (GLMM) with a logistic link function using the
R package Ime4 (Bates et al., 2015).

We specified Fo MEAN, Fo CHANGE, and their interaction as fixed effects in the GLMM.
These predictors were z-transformed prior to model fitting. For the random-effects, we
first constructed a model with the maximal random-effects structure justified by the design,
including by-participant random intercepts, random slopes for Fo MEAN, Fo CHANGE, and F
MEAN: Fo CHANGE interaction, and all correlation parameters. Then, we built a series of
models with more parsimonious random-effects structures. Model comparison was
performed using the log-likelihood test and the best random-effects structure was
determined based on the test results. The maximal random-effects structure proved to be
the best one. Our final model reported in section 4.1 included three fixed effects and the
full random-effects structure. The GLMM is formulated in the following way:

logit (pra,,) = (Bo +bor) + (B + bi)Xu,, + (B + ba) Xy, + (Bs + bs)Xar,: Xy + €1

! We also manipulated phonation and duration for other research purposes. The 540 trials included
15 Fytrajectories x 4 phonations x 3 durations x 3 repetitions. As the current analysis focused on
pitch representations and the effects of phonation and duration were limited, only Fo-related
manipulation and results are reported in this paper.
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pray, 18 the probability of a T4 response for the j** level of Fo MEAN, the k* level of
Fo CHANGE and the i* participant. X, and X, denote standardized Fo MEAN and Fo CHANGE
respectively. g, represents the fixed intercept while g,, g,, and g, represent three fixed
slopes. by, 1s the random intercept and b,; , b,; and b,; are three random slopes.

For the rating data, we implemented an algorithm to select Fo trajectories that best
represent the individual- and group-level T4/T6 space. Taking the exemplar approach, the
T4/T6 space is defined as two clusters of exemplars. Three best rated Fo trajectories were
selected as representative exemplars of T4 and T6 clusters respectively.

The algorithm first calculated the identification rate r;, of each tone ¢t = T4 or T6 for
each participant i by the formula r;, = n;,/N, where n; is the total number of T4 or T6
responses given by a participant and N = 540 stands for the total number of stimuli. Then,
the identification rate of each tone ¢ for each participant i and each Fy trajectory 1 =1,2...15
(see Figure 2) was also calculated in a similar way—R;,, = n;,/N,, where N, = 36 denotes the
total number of stimuli for each Fy trajectory 1.

Next, raw rating scores were averaged over each Fo trajectory ! for each participant
i and each tone ¢, resulting in a sequence of 15 rating scores 4;; = (a;)i5;; 1<1 <15, L€ N*.
For each participant i and tone ¢, a total number of s elements in sequence 4;, with
identification rate for trajectory ! (Ry,) less than the average identification rate (Rr;), i.e.,
Ry < Ry, were pruned away. This process resulted in sequence B, = (bym)i=f; 1<m<15—s5,
me N*, which contained rating scores with relatively higher identification rate. This
sequence was further sorted in a decreasing order, giving rise to a new sequence C;, =
(cier)i33S 1< <15—s, r € N*, where ¢, = by, Citr = Cirr41)- The original indices [ of the
first three elements in sequence ¢, that is, the three best rated Fy trajectories of each tone
t, were returned for each participant i.2

4. Results

4.1 Identification
Table 1. The fixed-effects structure of the GLMM

Estimate Std. Error Z value Pr(>|z|)
INTERCEPT -1.105 0.231 -4.775 < 0.001%**
Fo MEAN -1.530 0.278 -5.499 < 0.001%**
Fo CHANGE 0.517 0.146 3.542 < 0.00]***
Fo MEAN: Fo CHANGE -0.037 0.063 -0.584 0.559

The estimated coefficients for the fixed-effects component of the model are listed
in Table 1. The intercept reflects the log-odds of a T4 response when all the predictors are
held constant, i.e., at their mean values (B = -1.105, p <0.001). The GLMM revealed a
significant main effect of Fo MEAN (B =-1.530, p <0.001). The negative coefficient for F MEAN

2 To generate group-level tonal representations, overall identification rate for each tone,
identification rate for each tone and each Fy trajectory, and averaged rating scores for each tone and
each Fy trajectory, were calculated in a similar fashion at the group level.
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signifies that the log-odds of T4 responses decreased as Fo MEAN went upwards. There was
also a significant main effect of Fo CHANGE (B = 0.517, p <0.001), suggesting that the log-odds
of T4 responses increased as Fo CHANGE became larger. The interaction between Fo MEAN
and F, CHANGE failed to reach significance (B =-0.037, p =0.559).

The random-effects structure is summarized in Table 2. The table lists the standard
deviations of by-participant adjustments to group-level coefficients (BLUPs) and the
estimated correlation parameters, pertaining to the correlations among random slopes and
intercepts. The scatterplot matrix (Figure 3) visualizes the correlation structure of the
random effects.

Table 2. The random-effects structure of the GLMM

Groups Name Std. Dev. Correlation
Participant INTERCEPT 1.273
Fo MEAN 1.534 0.65
Fo CHANGE 0.799 -0.43 -0.59
Fo MEAN: Fo CHANGE 0.274 -0.42 -0.38 0.50
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Figure 3. The correlation structure of the by-participant random intercepts and slopes. Each dot represents a
participant. For each pairs of covariates, the adjustments to group-level estimates (BLUPs, the best linear
unbiased predictors) are shown.

There are three noteworthy adjustments to group-level estimates. First, by-
participant adjustments to the fixed intercept, ranging from -3.056 to 1.483, represent
individual differences in the baseline log-odds of giving a T4 response. Subjects with large
positive BLUPs for the intercept, like s23 (1.483), tended to give more T4 responses than
subjects with large negative BLUPs, like s30 (-3.056). Second, by-participant adjustments
to the group-level slope for Fo MEAN range from -2.691 (s7) to 3.883 (s/5), indicating
substantial individual variability in the Fo mean dimension. Third, as reflected by
adjustments to the group-level slope of Fo CHANGE, which range from -2.318 (s28) to 1.285
(s21), variability in the Fo change dimension is also evident.
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The aforementioned three adjustments correlate with each other. The negative
correlation parameter pertaining to adjustments for the fixed slopes of Fo MEAN and F,
CHANGE reveals that for participants with reduced sensitivity to variations in Fo mean
(upward adjustments resulting in less steep slopes of Fo MEAN), their sensitivity to variations
in Fo change was also attenuated (downward adjustments resulting in less steep slopes of
Fo CHANGE). In addition, adjustments for the fixed slope of Fo MEAN also positively correlate
with adjustments for the fixed intercept, indicating that for participants with reduced
sensitivity to variations in Fo mean, they tended to give more T4 responses (upward
adjustments resulting in higher intercept estimates). Furthermore, adjustments to the fixed
slope of Fo CHANGE and the fixed intercept also show a moderate negative correlation,
indicating that for participants with reduced sensitivity to variations in Fo change, they
generally identified more stimuli as T4 than other participants. To summarize, for
participants with a larger number of T4 responses than others, they were less sensitive to
both Fo mean and Fo change dimensions.

By-participant adjustments to the interaction between Fo MEAN and Fy CHANGE also
seem to show some individual variability. Additionally, they seem to correlate with
adjustments for the other fixed effects. However, the interaction is not very interpretable,
as FoMEAN and Fo CHANGE are not fully crossed in our design. For instance, there is only one
level of Fo CHANGE at 85 Hz. Furthermore, the interaction might be non-linear, as evidenced
by studies on cue-weighting in speech perception (e.g., Kong and Edwards 2016).
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Figure 4. Individual predicted effects of Fo MEaN on log-odds of T4 responses. The solid line and the dotted
line denote individual-level effects and group-level fixed effects respectively. The fitted slopes for s9, s28
and s29 are not accurate, as these participants have a falling-rising identification curve in the Fy mean
dimension. This indicates that they might use extra labels in identification (see Appendix, Figure 8).
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The predicted by-participant effects of Fo MEaN, i.e., fixed effects plus random
effects, on log-odds of T4 responses are displayed in Figure 4. Inspection of Figure 4
indicates that most participants maintained a contrast of T4 and T6, as evinced by their
negative slopes, but individuals varied according to the size of Fo MEaN effect. The fitted
regression lines of some participants, like s7, have more negative slopes than those of
others, like s72. The variability indicates that participants exhibited differential perceptual
sensitivity to the Fo mean dimension. The slopes of the fitted lines of four participants (s/,
55, s8, s27), who reported no differences between these two tones, approach zero,
suggesting that these participants merged these two tones perceptually. Participants s8 and
s27 were further identified as exhibiting near-merger, as small traces of the underlying
tonal distinction were preserved in their production, while participant s5 with complete
merger showed no distinction in both production and perception (see Appendix, Figure 7).
The fitted regression line of 575 has a large positive slope, which greatly diverges from the
group estimation. The unexpected pattern suggests that this participant might confuse these
two tones and showed a flip-flop pattern in perception. In other words, this participant
identified canonical T4 items as T6 and T6 items as T4. However, he seemed to show the
canonical contrast in production (see Appendix, Figure 7).
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Figure 5. Individual predicted effects of Fo CHANGE on log-odds of T4 responses. The solid line and the
dotted line denote individual-level effects and group-level fixed effects respectively.

The predicted by-participant effects of Fo CHANGE on log-odds of T4 responses are
displayed in Figure 5. In the Fo change dimension, the slopes of most individual regression
lines are positive, indicating increased log-odds of T4 responses with increased Fo CHANGE.
However, the effect of Fo CHANGE was not constant across participants. The near-horizontal
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regression lines of some participants (e.g., s20), including the four participants who merged
these two tones perceptually (s/, 53, 58, s27), reveal that the effect of Fy CHANGE on their
T4 responses was attenuated or even disappeared. The negative coefficients of Fo CHANGE
estimated for some participants, like s28 and 529, indicate that their T4 responses decreased
as Fo CHANGE became larger. This pattern suggests that in their tonal representations, T6
might fall to a greater degree than T4. In other words, these participants could be
characterized as flip-flopping in the Fo change dimension.

To summarize, five types of mergers-in-progress could be identified based on
identification results, supplementary production data, and self-report. There were speakers
with complete merger (s5), near-merger (s8, s27) and flip-flop (s15, 528, s29). Speakers
with reduced distinction could be defined as having less precipitous slopes for both
dimensions, i.e., positive adjustments to the fixed slope of Fo MEAN and negative
adjustments to the fixed slope of Fo CHANGE (s12, s13, s17, s24, s25). The remaining
participants with distinction could be considered as having clear (complete) distinction.

4.2 Goodness rating

The rating results are generally consistent with identification results. The output of
the algorithm is given in Figure 6. For the group-level tonal representations (pooled), T4
and T6 were well separated by Fo mean, with T6 having a higher pitch than T4. Furthermore,
both tones exhibited a falling pitch contour, but T4 seemed to fall to a larger degree.

response — T4 T6
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1011-\ as = TS ~33-, ) [F-. 5
(;8 == =<YD — e ] e [ RN
s8 s9 s10 sl 12 13 14
1207 | [Fe==~-.
110 7 1 T
100 === =< sz 83 Epe 3
R f AL gl e vt f ke £ vl REEE TN N
sls s16 s17 s18 s19 520 s21
5 NI 5
-~ - =~ ~ \\ < -
S o0 | |
e gg ~Ssy 3 ~3s, ~3s, SLir S5
22 23 24 525 26 27 28
120
1107~ o S ~ = PN
100 &= Ss2 ] s § o ~~ <N
: I =
28 i S 7 ) i ] — T ] S =22
529 530 31 pooled
120 o
llod=2=S=md Ny
100 S ~——
90 1 3 mazz=-- b

normalized time
Figure 6. Individual- and group-level (pooled) tonal space of T4 and T6. The three best rated tokens for each
participant and the whole group were generated by the algorithm described in section 3.4. Blue and red lines
denote T6 and T4 respectively. The solid line represents the best token and the other two dotted lines represent
the second and the third best tokens. The generated T4/T6 space for participants with (near-)merger (s/, s3,
s8, s27) is not reliable. Some T4 exemplars for participants with a falling-rising identification curve in the
FO mean dimension (s9, 528, s29) are also not valid (c.f., Appendix, Figure 8).
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For the individual-level representations, there are several notable aspects. Firstly,
individual-level representations of T4 and T6 differed in the FO mean dimension. In the FO
mean dimension, nearly all participants except those with (near-)merger (s/, s3, s8, s27)
represented higher-pitched T6 than T4, but the perceptual distance between these two tones
varied among participants. Secondly, in the Fo change dimension, the representations with
respect to pitch contours were variable across participants. For T4, although most
participants considered that both (extra-)low level and low-falling pitch trajectories were
its representative exemplars, some participants like s/4 showed preferences for a low-
falling pitch representation more than others like s3/. For T6, while most participants, like
s11, represented it as a low-level or low-slightly-falling tone, some participants, like s/7,
had a low-falling pitch representation. For flip-flopper 528 and 529, their T6 even showed
a larger downward Fo movement than T4, which was consistent with their identification
results. Thirdly, when these two dimensions taken as a whole, some participants, like s77,
had a more compact T4/T6 space than others, and this pattern might partially explain their
reduced sensitivity to both Fo mean and Fo change dimensions in identification.

5. Discussion

5.1 Types of mergers-in-progress: Evidence from Cantonese T4/T6

Our results indicated that individual Cantonese listeners mapped Fo trajectories
onto T4 and T6 representations differently. Previous perceptual studies on the T4/T6
merger used natural stimuli and the analysis was performed at the group level, without
revealing individual perceptual representations (Fung et al., 2012; Ou, 2012). These studies
only identified speakers with distinction and those with (near-)merger. Our fine-grained
analysis could capture subtle individual differences in tonal representations and thus
unveiled a more comprehensive picture of individual manifestations of the ongoing tonal
merger: clear (complete) distinction, reduced distinction, near-merger with different degree
of production overlapping, complete merger and flip-flop.

First, while some speakers, like 579, showed a clear distinction of this tonal contrast,
others exhibited reduced perceptual sensitivity to variations in Fo mean and/or Fo change.
Speakers with overall reduced sensitivity to this contrast, like s/7, tended to show less
precipitous slope in both dimensions and give relatively more T4 responses than others. In
line with previous results (Varley & So, 1995; Fok-Chan, 1974; Fung et al., 2012), our
findings suggested that the direction of this tonal merger is from T6 to T4. Put another way,
T6 gradually covers the tonal space of T4 by exhibiting falling pitch contours.

Second, some speakers with near-merger, such as 58, s27 and s28, were not capable
of using Fo cues to identify T4 and T6, but they could produce distinctive T4 and T6. Fung
et al. (2012) showed that the Fo trajectories of T4 and T6 produced by Hong Kong
Cantonese speakers with near-merger exhibited relatively closer approximation than
normal controls at the group level. Our analysis further revealed that the degree of
approximation in production varied across speakers. For instance, participant s§ produced
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a smaller degree of distinction than 527 (see Appendix, Figure 7). These results were
reminiscent of Labov et al.'s (1991) study on Philadelphian /er/-/ar/ merger. They also
identified two kinds of near-mergers — near-mergers with and without overlapping
distributions of sound classes in production. Moreover, the data from participant s27, who
came from Malaysia, further indicated that the reported T4/T6 merger in Malaysia
Cantonese can also be near-merger. Additionally, as with Labov et al. (1991), we also
found one speaker with complete merger (s5), who perceived and produced no distinction.

Third, there are two types of flip-flops in the dataset. One speaker (s15) flip-flopped
with respect to Fo mean, perceiving lower-pitched T6 than T4. Surprisingly, he produced
lower-pitched T4 than T6. Some other speakers, like s28 and 529, flip-flopped in the Fo
change dimension, perceiving or/and producing T6 as having a larger downward pitch
movement than T4 (see Figure 5, Figure 6 and Figure 7). Hall-Lew (2013) defined flip-
flop as a production pattern co-occurring with near-merger. However, this definition does
not seem to fit nicely with our observations. Our data suggested that flip-flop can also be
manifest in perception. Moreover, flip-flop may not necessarily be accompanied by near-
merger, as T4-T6 flip-flop occurred in both production and perception for s28. Therefore,
we suggest that flip-flop is probably an advanced production or perception pattern where
the merging sounds pass the point of convergence in at least one phonetic dimension.
However, in the absence of production data collected from different speaking-style
conditions and the speakers’ detailed linguistic and social backgrounds, it is currently
impossible to draw any firm conclusion on the flip-flop phenomenon. For example, there
is an alternative socio-dialectical explanation for the flip-flop pattern exhibited by s/5, that
is, his Cantonese was influenced by a local Cantonese variety, where T6 is generally lower-
pitched than T4. This hypothesis seems to be validated by his self-report that he spent his
early childhood in Shunde (JlEf%), Foshan, but later migrated to Guangzhou and spoke
standard Cantonese. Thus, the flip-flop patterns observed in our perceptual data might
reflect the old layer of a speaker’s tonal system instead of the advanced features of the
ongoing merger. Similarly, for the two flip-flopping speakers reported in Hall-Lew (2013),
rather than flip-flopping to negotiate between conflicting local identities, they may had
acquired the flip-flop pattern from other varieties of English, which have either fronter
CAUGHT than cOT or lower CAUGHT than cOT, as the author mentioned that these two
speakers had spent some years outside their hometown San Francisco.

5.2 An exemplar-based account of the ongoing Cantonese T4/T6 merger

Our perceptual results suggested that phonological representations can be variable
across individuals as a result of individual linguistic experiences. Exemplar-based models,
which allow representations of individual-particular or sociostylistic phonetic detail and
the separation of production and perception (Yu, 2007), can better account for the current
data. We do not aim to provide a comprehensive evaluation of various phonological models,
but the appropriate model at least needs to deal with individual-particular or sociostylistic
phonetic detail and production-perception asymmetry. A modified version of traditional
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modular feed-forward models that incorporates phonetic detail, like a hybrid model with
both abstractions and exemplars (Pierrehumbert, 2006, 2001) can also deal with our data.

Yu (2007) has already attempted to expound on near-merger from the perspective
of exemplar theory. The exemplar-based approach can also shed some light on our data
regarding cases of mergers-in-progress. According to the theory, perceptual memory traces,
i.e. exemplars, associated with each phonological label, i.e. exemplar cluster or cloud, are
constantly updated. As a result, the distributions of exemplars for a phonological category
can be shifted as perceptual experiences accrue.

First, when individuals are exposed to sound variations, the exemplar redistribution
can give rise to the approximation of phonological categories, leading to reduced
phonological distinction without merger. Second, for some individuals, near-merger or
incomplete neutralization occurs. when an enormous number of variable and
heterogeneous exemplars are accumulating and two exemplar clouds are becoming
increasingly approximated, some language users may deem the distinction unreliable and
cease to use it for differentiating sound categories in perception (Labov et al., 1991; Braver,
2014). However, the distinction can be preserved in production with a different degree of
overlapping, in that the computation of production targets could rely on the guidance of a
different set of exemplars. Individual-specific production norms may be established
through exposure to perceptual exemplars earlier in life and thus remain relatively
independent at the time point when phonological contrast is suspended. This idea agrees
with the dual-stream model of cortical organization of speech processing (Hickok &
Poeppel, 2007), which predicts that the articulatory-motoric coding in the dorsal stream
relies on sensory input initially but becomes more automated and independent with little
sensory guidance as learning progresses. Third, probably due to mutual interactions
between exemplars for production and perception, the distinction preserved in production
might finally disappear for some individuals after the suspension of a phonological contrast.
Otherwise, some individuals could simply fail to establish the phonological contrast during
language acquisition. Both cases would result in complete merger. Fourth, flip-flopping
speakers may over-interpret or over-generalize some extreme exemplars through personal
linguistic experiences, developing a unique contrast opposite to the population grammar in
certain phonetic dimensions.

5.3 Limitations and future directions

Our study has several limitations. First, our production data are not adequate to
capture how the production-perception link changes as a merger progresses. For example,
are production and perception closely matched at the stage of clear or reduced distinction?
Are there any cases of poor production and good perception occurring at the near-merger
stage, especially for the T4/T6 (near-)merger? Future studies may consider administering
both production and perception tasks to further examine these questions. Second, the
current study cannot pinpoint the ultimate origin of this merger. Why does T6 exhibit
falling pitch contours and gradually occupy the space of T4? The variation seems to
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originate from Cantonese tonal system per se, as the ongoing tonal merger has been
reported in multiple Cantonese dialects (Fung et al., 2012; Ou, 2012; Weng, 2014).
Although pitch fall is not used to distinguish meanings, Cantonese level tones are
frequently accompanied by pitch fall (Vance, 1977). The falling pitch contours seem to be
free variants of level tones, but they may be derived due to prosodic or pragmatic reasons.
Impressionistically, Cantonese speakers sometimes employ falling pitch contours to
express emphasis or strong emotion. However, listeners are not always capable of
compensating for these contextually-induced perturbations (Ohala, 1981). T6 exemplars
with context-dependent falling pitch contours may gradually become associated with
context-free T6 labels, causing increased overlapping between exemplar clouds of
canonical low-falling T4 and low-level T6. Future studies may test this hypothesis by
designing experiments to explore the functional load of pitch fall in Cantonese and its
relevance to sound change.

6. Conclusion

This paper presents data on individual variability in the perception of the ongoing
Cantonese T4/T6 (near-)merger. Our analysis at the individual level demonstrates a great
variety of individual manifestations of the ongoing Cantonese T4/T6 merger. We have
observed that some individuals represent closely approximated T4/T6 and their T6 shows
a large degree of pitch drop. This pattern reveals the direction of this sound change, that is,
T6 exemplars with falling pitch contours gradually accumulate in the perceptual space and
intrudes into the exemplar space of T4. Compared with traditional modular feedforward
models, exemplar-based models provide strong explanations for the observed gradiency
and production-perception asymmetry in the ongoing tonal merger.

APPENDIX
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Figure 7. Tone production data from s3, 58, s27, s28 and s30. Grand-averaged F ¢ trajectories of T4 and T6,
collapsed across test tokens and their repetitions, are displayed for each participant. Participant s5 frequently
produced creaky voice at the end of some tokens of T4 and T6, leading to inaccurate Fy estimates in the later
portions of the vocal segments (time point 6, 7, 8, 9 and 10). The production data from s/0 is displayed in
Figure 1.
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Figure 8. Raw identification curves in the Fo mean dimension for 59, s28 and s29. The U-shaped curve might
indicate the use of additional identification labels, like wa'/i ([wa:1], ‘noise’), which carries the high-level
tone (T1) and has orthographic connections with wa*/# ((wa:{], ‘China, splendid”).
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