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Context integration deficit in tone perception in
Cantonese speakers with congenital amusia
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Abstract: Congenital amusia is a neuro-developmental disorder of
pitch processing. This study investigated how this deficit affects lexical
tone perception with and without context. Twenty-three Cantonese-
speaking amusics and 23 controls were tested on the identification of
high-variation tone stimuli in isolation vs in a carrier sentence. The con-
trols generally achieved a higher accuracy with context than in isolation,
suggesting that speech context facilitated tone identification. In con-
trast, amusics generally failed to benefit from the context, despite some
variation among different tones. These findings provide insights into the
underlying deficits of amusia, revealing a context integration deficit of
tone perception in amusia.
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1. Introduction

Congenital amusia (amusia hereafter) is an inborn disorder of musical pitch processing,
affecting approximately 1.5%–4% of the population (Peretz and Vuvan, 2017). The pri-
mary deficit in amusia lies in the fine-grained pitch discrimination (Hyde and Peretz,
2004) and impaired short-term memory for pitch (Tillmann et al., 2016).

Empirical evidence has revealed that the pitch deficit in amusia is not specific
to music, but is domain general and influences speech pitch processing negatively. For
instance, several studies have found that lexical tone perception is impaired in both
non-tonal and tonal language speakers with amusia (Nguyen et al., 2009; Liu et al.,
2016, 2012; Nan et al., 2010; Shao et al., 2016). Amusical individuals in non-tonal lan-
guages showed inferior performance on the discrimination of non-native tone pairs in
Mandarin and Thai (Nguyen et al., 2009). For tonal language speakers with amusia,
Nan et al. (2010) tested a group of 22 Mandarin-speaking amusics and found that half
of them showed impaired tone identification and discrimination. Liu et al. (2016) repli-
cated this result in amusical speakers of another tonal language—Cantonese, showing
that Cantonese-speaking amusics were less accurate at discriminating four pairs of
native Cantonese tones than musically intact controls. In a recent study, Shao et al.
(2016) found that Cantonese-speaking amusics performed less accurately than controls
in tone identification and discrimination and responded more slowly. Altogether, these
results suggested that the pitch-processing deficit in amusia is domain general and
impoverishes lexical tone perception.

Furthermore, some studies have suggested that high-level phonological processing
of lexical tones is impaired in tonal language speakers with amusia. The most substantial
evidence for this claim is that categorical perception of native tones in tonal language
speakers with amusia is impaired (Jiang et al., 2012; Zhang et al., 2017). For instance,
Zhang et al. (2017) examined categorical perception by Cantonese-speaking amusics and
found that amusics exhibited significantly less benefit in between-category discriminations
of lexical tones, suggesting reduced categorical perception of native tones.

Taken together, the above studies provided corroborating evidence that lexical
tone perception in tonal language speakers with amusia is impaired. However, most of
the previous studies focused on tone perception when tones were presented in isolation.
Little attention had been given to the context effect on tone perception in amusia.
Unlike tonal languages such as Mandarin, Cantonese has a highly dense tonal system
(Peng et al., 2012). It has three level tones that share the same f0 direction but primar-
ily differ in f0 level, and acoustic variations generated by different talkers or syllables
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could easily lead to overlap between neighboring tone categories. As a result, the accu-
racy of tone identification in isolation in Cantonese was reported to be low, at approx-
imately 35% for amusics and 60% for the controls (Shao et al., 2016), in stark contrast
to the close-to-ceiling accuracy in the case of Mandarin tone identification (85.4% for
amusics and 98.8% for controls) (Nan et al., 2010). Embedding the Cantonese tones
into a speech context greatly decreased the ambiguity and enhanced the identification
accuracy, suggesting that the perception of Cantonese tones relies more on context
than tonal languages like Mandarin (Peng et al., 2012).

As a matter of fact, the mapping between the acoustic signal and perceptual
representations is not always one-to-one, but complicated by acoustic variations. It has
been widely reported that the perception of a target speech signal is sensitive to acous-
tic cues in the surrounding context (Peng et al., 2012; Zhang and Chen, 2016). Along
this line, it has been demonstrated that tone perception is affected by the distribution
of F0 cues in the speech context. For instance, Zhang and Chen (2016) found that
shifting the F0 level in meaningless and meaningful speech contexts significantly
changed the perception of a target tone. The phenomenon that listeners perceive a tar-
get speech signal by integrating acoustic cues carried by the target signal itself together
with those in the context is referred to as“context integration” in the current study
(cf. Massaro and Cohen, 1983).

While it is widely reported that the perception of Cantonese tones relies on the
speech context, it remains unclear whether amusic individuals benefit from the speech con-
text in tone perception to a similar extent as musically intact listeners. There is still a gap
in the literature on amusia to directly compare tone perception in isolation versus in a
larger speech unit, i.e., in a carrier sentence. Examination of this question could lead to a
better understanding of how the deficit in amusia influences speech pitch processing. To
this end, we compared the performance of Cantonese-speaking amusics and matched con-
trols in two tone identification tasks, one in isolation (isolation condition), where the per-
ception of target tones primarily relied on the F0 of the target word itself, and the other
task with the same set of target tones presented within a carrier sentence as context (con-
text condition), which provided pitch references to estimate the F0 of the target tones. The
target tones were carried by ten different base syllables to create high-variation tone stim-
uli. Integrating the F0 of the target tones with the pitch references in the context is
expected to reduce the influence of acoustic variations and to increase the accuracy of
tone identification. If amusics are impaired in integrating the F0 information of the speech
context with that of the target word, we predict that amusics would show reduced or no
improvement in tone perception in the context condition over the isolation condition,
whereas the controls would show a significant improvement in tone perception.

2. Method

2.1 Participants

Twenty-three amusics and 23 musically intact controls matched in age, gender, and
years of education participated in the experiment. All participants were native speakers
of Hong Kong Cantonese studying in local universities in Hong Kong. They were all
right-handed, with no hearing impairment, no reported history of neurological illness,
or musical training. Amusics and controls were diagnosed using the Online
Identification Test of Congenital Amusia (Peretz et al., 2008), which has been used as
a tool for identifying amusics in several previous studies (e.g., Zhang et al., 2017).
Amusics scored 73% or lower, whereas controls scored 80% or higher in the global
score of this test, which is the mean accuracy of all three subtests (out-of-key, offbeat,
and mistuned). All amusics scored 71% (Nan et al., 2010) or lower in at least one of
the two pitch-based subtests (out-of-key and mistuned) or in both. Demographic char-
acteristics of the participants are summarized in Table 1. Informed written consent was
obtained from participants in compliance with the experiment protocols approved by
the Human Subjects Ethics Sub-committee of the Hong Kong Polytechnic University.

2.2 Stimuli

The stimuli were 60 monosyllabic words contrasting six Cantonese tones (high level
tone (T1)-/55/, high rising tone (T2)-/25/, mid-level tone (T3)-/33/, extra low level/low
falling tone (T4)-/21/, low rising tone (T5)-/23/, and low level tone (T6)-/22/) on ten
base syllables (/jɐn/, /ji/, /jɐu/, /jiu/, /fɐn/, /fu/, /˛a/, /si/, /se/, and /wɐi/), all of which
were meaningful words in Cantonese. Each monosyllabic target word was embedded
in a carrier phrase“呢個係__ /li55 kO33 hɐi22__/”[This is __]. One female Cantonese
speaker was asked to record the stimuli, and each target word together with its carrier
phrase was repeated 6 times. To make sure the target word sounded natural in
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isolation and to minimize the co-articulatory effects, the speaker was instructed to
pause briefly between the carrier sentence and the target word. Stimulus selection and
manipulation was conducted using Praat. One clearly produced token for each target
word was chosen as the stimuli by two experimenters who were native Cantonese
speakers with phonetics training. The target words were normalized in duration to 631
ms, equal to the mean duration of all selected target words. The carrier phrases preced-
ing the selected target words were also segmented out and normalized in duration to
877ms, equal to the mean duration of all selected carrier phrases. The mean intensity
of the target words and the carrier phrases was scaled to 70dB.

2.3 Procedure

The stimuli were presented in two identification tasks. In one condition, the 60 target
words were presented in isolation; in the other condition, the same set of 60 target
words was presented with the corresponding carrier sentence“呢個係__ /li55 kO33
hɐi22__/” [This is __]. In both conditions, the 60 target words were intermixed in a
block and presented randomly to the participants. The target words were repeated 3
times, generating a total of 180 trials for each isolation/context condition (30 trials per
tone in each condition). Participants were instructed to identify the tone carried by the
word by pressing buttons 1–6 which corresponded to the six Cantonese tones on a com-
puter keyboard within 5s. No feedback was given. Before the test, participants were given
a few practice trials to familiarize them with the procedure. The practice trials were /fu/
carrying the six tones, which were produced by a different talker not used in the experi-
ment. The isolation condition was presented before the context condition, for the reason
that the speech context may facilitate talker adaptation and enable listeners to accurately
identify the tones. This effect may transfer to a subsequently presented isolation condi-
tion, where the same set of target words was used. As a result, it is possible that listeners
may also be able to correctly identify the words even without the context. To minimize
the transfer of talker adaptation effects, the isolation condition was presented first.

2.4 Data analysis

The identification accuracy and reaction time (RT) were analyzed. Response to each
trial was coded as 1 or 0 (correct or incorrect) for each participant. To compare the
accuracy of amusics and controls in the identification task, generalized mixed-effects
models were fitted on the responses to each trial (1 or 0) with group (amusics and con-
trols), condition (isolation and context), and tone (T1, T2, T3, T4, T5, and T6) as three
fixed effects, and subjects and items (ten base syllables) as random effects. Two- and
three-way interaction terms were also included as fixed effects in the models. In order
to test the significance of fixed effects, a simple model with only the intercept as a fac-
tor was first fitted, and the factors group, condition, and tone were added to the model
consecutively. Models were compared by likelihood ratio tests, and p-values were
obtained from those tests.

RT was measured from the offset of the target stimuli. Both the correct and
incorrect trials were included in the RT analysis. Trials that exceeded 3 standard devia-
tions (SDs) of the mean RT in each condition were disregarded (0.9% of trials in the
isolation condition and 0.34% of trials in the context condition). The RTs were log-
transformed. Linear mixed-effects models were fitted on the log-transformed RT with
group (amusics and controls), condition (isolation and context), and tone (T1, T2, T3,
T4, T5, and T6) as three fixed effects, and subjects and items (ten base syllables) as
random factors. Two- and three-way interaction terms were also included as fixed

Table 1. Demographic characteristics of 23 amusic participants and 23 control participants. Amusic and con-
trol participants were determined according to the global score of the Online Identification Test of Congenital
Amusia (Peretz et al., 2008) (http://www.brams.umontreal.ca/onlinetest). M¼male; F¼female.

Amusics Controls

No. of participants 23 (11M, 12F) 23 (11M, 12F)
Age (range) 22.3261.1 years 21.8661.1 years

(20.2–24.6 years) (19.8–24.5 years)
Test of Congenital Amusia
Out-of-key (SD) 62.3 (10.6) 91.1 (8.3)
Offbeat (SD) 64.3 (14.0) 87.5 (7.1)
Mistuned (SD) 60.1 (13.6) 86.3 (10.8)
Global score (SD) 62.4 (8.8) 88.3 (4.5)
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effects in the models. Models were fitted and tested using the same procedures
described above. The above two sets of analyses were performed with R, using the
lme4 package and the lsmeans package. Only significant effects were reported.

3. Results

The identification accuracy in the two conditions for the two groups is shown in Fig.
1. The generalized mixed-effects model found significant main effects of group [v2(1)
¼12.014, p<0.001], condition [v2(1)¼56.966, p<0.001], and tone [v2(5)¼2540.8,
p<0.001]. Furthermore, there were significant two-way interactions of group by condi-
tion [v2(1)¼24.743, p<0.001], group by tone [v2(5)¼51.123, p<0.001], and condition by
tone [v2(5)¼11.809, p¼0.037]. The three-way interaction was also significant [v2(5)
¼28.322, p<0.001].

To analyze the three-way interaction effect, further models were constructed
with group and condition as the fixed effects together with the two-way interaction
item for each of the six tones. In brief, significant group by condition interactions were
found on T1 (high level tone), T3 (mid-level tone), T4 (extra low level/low falling
tone), and T5 (low rising tone), where controls showed a significantly higher accuracy
than amusics in the context condition, whereas the group difference was either reduced
or not significant in the isolation condition. Furthermore, controls showed a signifi-
cantly higher accuracy in the context vs isolation condition, whereas the benefit of the
context condition was either reduced or absent in amusics. As for the two remaining
tones—T2 (high rising tone) and T6 (low level tone)—the two-way interaction was not
significant. Unsurprisingly, there was a significant main effect of condition, showing
that the context condition elicited a higher accuracy than the isolation condition; the
group effect was marginally significant in the case of T2 and significant in T6, with
amusics obtaining a lower accuracy than controls.

For T1 (high level tone), there was a significant main effect of group [v2(1)
¼6.89, p¼0.008] and significant two-way interaction [v2(1)¼3.931p¼0.047]. Pairwise
comparisons showed that controls showed a higher accuracy than amusics in both
conditions (Context condition: z¼�2.958, p¼0.003; isolation condition: z¼�2.168,
p¼0.030), but the group difference was more evident in the context condition. Besides,
a trend of a higher accuracy in the context condition than in the isolation condition
can be observed in the control group (z¼�1.779, p¼0.075), but not in the amusic
group (z¼0.924, p¼0.355). For T2 (high rising tone), there was a significant main
effect of condition [v2(1)¼33.424, p<0.001], where tone identification accuracy in the
context condition was significantly better than that in the isolation condition. The
effect of group was marginally significant [v2(1)¼2.883, p¼0.089], with amusics
scoring lower than controls. For T3 (mid-level tone), the fixed effects of group [v2(1)
¼3.897, p¼0.048], condition [v2(1)¼19.446, p<0.001], and two-way interaction
[v2(1)¼4.483, p¼0.034] were all significant. Pairwise comparisons showed that controls
performed better than amusics in the context condition (z¼�2.463, p¼0.013), but not

Fig. 1. Mean identification accuracy in isolation and context conditions for the amusic and control group.
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in the isolation condition. For the control group, tone identification accuracy with
a preceding context was significantly higher than that in the isolation condition
(z¼�4.526, p<0.001), whereas for the amusic group, this effect was not significant.
For T4 (extra low level/low falling tone), the fixed effects of group [v2(1)¼8.502,
p¼0.003], condition [v2(1)¼12.207, p<0.001] and two-way interaction [v2(1)¼45.459,
p<0.001] were all significant. Pairwise comparisons showed that the group difference
was significant in the context condition (z¼�4.226, p<0.001), but not in the isolation
condition. Controls obtained a significantly higher accuracy in the context condition
than in the isolation condition (z¼�7.214, p<0.001), whereas amusics failed to show
a significant difference. For T5 (low rising tone), there were significant effects of group
[v2(1)¼8.741, p¼0.003] and condition [v2(1)¼21.241, p<0.001] and significant two-
way interaction [v2(1)¼10.53, p¼0.001]. Pairwise comparisons revealed that amusics
showed a lower accuracy than controls in both the context condition (z¼�3.798,
p<0.001) and isolation condition (z¼�2.004, p¼0.045), but the group difference was
more robust in the context condition. For controls, their tone identification accuracy
in the context condition was significantly higher than that in the isolation condition
(z¼�5.507, p<0.001), but amusics failed to show this effect. For T6 (low level tone),
only the fixed effects of group [v2(1)¼12.75, p<0.001] and condition [v2(1)¼6.810,
p¼0.009] were significant, revealing that amusics performed with a lower accuracy
than controls, and that the context condition elicited a higher accuracy than the isola-
tion condition.

Figure 2 displays the RT for the two groups. Linear mixed-effects models
found significant main effects of condition [v2(1)¼285.06142.75, p<0.001], where RT
in the context condition was significantly shorter than that in the isolation condition.
Moreover, there were significant main effects of tone [v2(5) ¼3430.42970.7, p<0.001],
and two-way interaction of group by tone [v2(5)¼157.93, p<0.001]. Pairwise compari-
sons were conducted to explore the group by tone interaction. Within the control
group, the RT on T1 and T4 was significantly shorter than the other tones (ps<0.001),
while T1 showed an even shorter RT than T4 (p<0.001); the RT on T5 was signifi-
cantly longer than the other tones (ps<0.01). Within the amusic group, the RT on T1
was significantly shorter than the other tones (ps<0.001); T5 showed a significantly
longer RT than the other tones (ps<0.001). No other effects were significant. Within
each tone, no significant group difference was found. This result suggests that in gen-
eral for both controls and amusics, T1 (high level tone) was identified with the shortest
RT, while T5 was the most difficult to identify, eliciting the longest RT.

To summarize, the accuracy results showed that except for T2 and T6, there
were significant group by condition interaction effects on the identification of
Cantonese tones, where controls consistently showed a significantly higher accuracy
when identifying tones presented with a preceding speech context but amusics failed to
demonstrate such effects. This suggests that controls benefited from the preceding con-
text in lexical tone perception, whereas this facilitatory effect was largely absent in the
performance of amusics. On the other hand, while controls achieved a higher accuracy
than amusics in both isolation and context conditions, the group difference was larger
in the context condition, which contained pitch references to estimate the target tones.
As for the RT results, they mainly revealed that RT in the context condition was sig-
nificantly shorter, implying that the identification of lexical tones was much easier with
the context providing pitch references. Furthermore, T1 was identified with the shortest
RT, whereas T5 was identified with the longest RT.

4. Discussion

While amusia has been consistently reported to affect lexical tone perception (Jiang
et al., 2012; Liu et al., 2016; Nan et al., 2010), it remains unclear how amusic individu-
als’ context integration ability in tone perception is affected. In this study, we com-
pared Cantonese-speaking amusics and controls on the identification of high-variation
tone stimuli in isolation vs in a carrier sentence, with the aim of revealing more about
how the deficit in amusia influences speech pitch processing.

We found that amusics showed a lower accuracy than controls in the isolation
condition, which broadly corroborates previous findings that amusics are impaired in
tone perception without context (Nan et al., 2010; Shao et al., 2016; Zhang et al.,
2017). In the present study, we increased the syllable variability, i.e., including ten base
syllables, and thus increased the difficulty of exacting tonal categories from the speech
signals. Echoing with previous findings, the current study confirmed that amusics per-
formed worse than controls in tone identification when the tones were auditorily pre-
sented in isolation.

Jing Shao and Caicai Zhang: JASA Express Letters https://doi.org/10.1121/1.5063899 Published Online 24 October 2018

J. Acoust. Soc. Am. 144 (4), October 2018 Jing Shao and Caicai Zhang EL337

https://doi.org/10.1121/1.5063899


Furthermore, controls showed a clear pattern that the identification of tones
with speech context was significantly more accurate than that in isolation, implying
that the carrier phrase facilitated tone perception. In contrast, the amusic group failed
to show such effects, as their performance in the two conditions was not significantly
different in the identification of most tones. These results suggested that amusic indi-
viduals benefited less from pitch references in speech context in tone perception. The
observation that amusics are impaired in making use of the F0 cues in the preceding
speech context can be attributed to a context integration deficit. In a previous study, it
is suggested that the speech context contained phonological cues for listeners to form
references of a talker’s tonal space to evaluate the F0 of the target tone (Zhang and
Chen, 2016). In the current study, it appears that the controls were able to successfully
take advantage of such cues in the carrier sentence to identify the target tone. In con-
trast, amusics failed to make use of the phonological cues in the carrier sentence in
most cases, which suggests that amusics have a context integration deficit.

Some interesting variation among the six tones can be noted in terms of the
benefit of the speech context in contrast to the isolation condition. For T6, although
the group by condition interaction effect was not significant [v2(1)¼2.656, p¼0.103], a
trend of larger group differences in the context condition can be observed. Pairwise
comparisons with p-value corrected for multiple comparisons (0.05/2¼0.025) confirmed
this observation. The group difference was significant under both the isolation
(z¼�3.120, p¼0.001) and context condition (z¼�4.101, p<0.001), but the effect size
was larger in the context condition. Furthermore, only controls showed an enhanced
accuracy in the context condition over the isolation condition (z¼�3.023, p¼0.002),
whereas amusics did not (z¼�0.549, p¼0.583). This result suggested that the response
patterns on T6 were more or less in line with the other tones in that amusics showed
no benefit from the speech context compared with controls. On the other hand, the
identification of T2 showed a significant condition effect and a marginally significant
group effect. The response patterns on T2 appeared to deviate from the other tones
and require an explanation. One possible explanation is that T2 (high-rising tone) is
acoustically similar to and often perceptually confused with T5 (low-rising tone), but
T2 is usually more accurately identified than T5 (Peng et al., 2012; Shao et al., 2016).
Therefore, the identification of T2 might benefit from the presence of speech context in
the disambiguation from T5, but both groups appeared to show more or less compara-
ble competence in the accurate identification of T2. Interestingly, while both groups
showed an improvement in the identification of T2 in the context condition relative to
the isolation condition, only the control group showed such an improvement in the
identification of T5. It may suggest that amusics can benefit from the speech context
to some extent in identifying the relatively easier tone, i.e., T2.

It is also worth noting that the group by condition interaction was only found
on the identification accuracy, not on the RT data. The RT results generally revealed
a longer RT in the isolation condition than the context condition and some differences
among the six tones. While the lack of group differences in the RT results might hint

Fig. 2. Mean identification response time in isolation and context conditions for the amusic and control group.
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at more or less intact processing time of amusics in context integration, this result
should be interpreted with caution. For one thing, it is possible that there might be a
ceiling effect on RT in the context condition, such that there is limited room for con-
trols to demonstrate faster RT than amusics in this condition. Future studies can fur-
ther explore the impairment of amusics in their ability of context integration in tone
perception and processing time.

While we conclude that the impairment of Cantonese-speaking amusics in tone
perception can be mainly attributed to a context integration deficit, it is possible that
potential attention deficits and impairment in short-term pitch memory in some amusics
may also contribute to the observed impairment to some extent. It was reported that
about 40% of the amusics have an attention deficit (Jones et al., 2009), which may hinder
them from allocating proper attentional resources to the processing of the preceding
speech context to extract useful cues for tone perception. Moreover, a number of studies
have shown that amusics showed impaired short-term memory for pitch (e.g., Tillmann
et al., 2016). The deficient short-term pitch memory system might have increased the diffi-
culty for amusics to maintain the pitch references contained in the proceeding speech con-
text in memory during the process of tone identification. Future studies may further inves-
tigate the impact of attention and pitch memory deficits on tone perception in amusia.

To conclude, we found that Cantonese-speaking amusics showed degraded
performance in tone identification with a preceding speech context compared to musi-
cally intact listeners. This indicates that the deficit of amusia is not confined to tone
perception in isolation, but also affects tone perception in a carrier sentence. These
findings can be largely accounted for by a context integration deficit in amusia. Our
findings provide a fuller understanding on the nature of the deficits of amusia in
speech pitch processing. Last, the isolation condition was always presented before the
context condition in the current study, which might have contributed to the enhance-
ment of performance in the context condition to some extent. While the group differ-
ence observed in the current study cannot be simply attributed to this order effect for
the reason that amusics and controls received the same order of conditions, future
studies may consider counterbalancing the isolation and context condition.
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