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ABSTRACT 

Variation in lexical tone systems across dialects presents a 
perceptual challenge to speech adaptation. For instance, several 
Mandarin regional dialects have four phonological tones, but 
the phonetic realization of those tones differs considerably. 
Previous studies have demonstrated that listeners readily 
accommodate dialectal variation in lexical tone systems 
through incidental exposure. The present study examined 
whether adaptation was facilitated through the presence of 
explicit minimal-pair tone contrasts or increased exposure to 
the dialect. We found that rapid adaptation to the novel tone 
system was persistent even when minimal-pair sentences were 
removed from the stimuli and about one minute of incidental 
exposure was available with no repetition. Minimal-pair 
contrast was not necessary for adaptation. Increased exposure 
through repeated trials reliably enhanced sensitivity to the novel 
tone system. 
Keywords: speech perception, lexical tone, perceptual 
adaptation, tone perception, Mandarin dialects 

1. INTRODUCTION 

Perceptual adaptation to unfamiliar speech requires adequate 
exposure to the target speech especially when the initial input 
is received later in adulthood. What makes the exposure 
“adequate” has become a central question to research on speech 
adaptation. Previous findings suggest that the adaptation 
outcome may be modulated by both quality and quantity of the 
spoken stimuli.  

Quality refers to the type, structure and source of 
information in the experimental exposure. For example, lexical 
information has been considered beneficial for adaptation to a 
novel sound contrast [1, 2]. Hayes-Harb [2] tested English 
speakers’ discrimination of /g/- and /k/-like novel sounds after 
auditory training with either minimal pairs of the sounds or with 
members of a [g]-[k] continuum without lexical meaning in a 
bimodal distribution that favored tokens towards the endpoints 
of the continuum. The results showed that adaptation to the 
novel contrast occurred with statistical learning alone, but 
discrimination was significantly enhanced when a lexical 
contrast was present. That said, listeners are able to rapidly 
discriminate between previously unheard linguistic contrasts: 
listeners are able to generalize heard patterns to new segments 
[3] and words unheard in the training [4]. Nevertheless, it is 
likely that the adaptation process could be facilitated if an 
explicit lexical contrast, such as a minimal pair, was heard in 
the exposure. 

 Listeners also frequently rely on explicit training to gather 
ample information for adaptation. If more information is 

available in the test stimuli, such as in sentences and passages, 
adaptation may happen without explicit training. Clarke & 
Garrett [5] reported listeners’ rapid adaptation to Spanish- and 
Chinese-accented speech with one minute of incidental 
exposure to the sentence stimuli. In addition, exposure with 
about 16 sentences was found sufficient to initiate adaptation to 
a foreign-accented talker [6]. Crucially, however, listeners 
significantly improved over the course of the experiment. Even 
though adaptation can be reasonably successful in a short period, 
increased exposure may help listeners to generalize heard 
patterns to novel sounds or speakers.  

In the present experiment, we investigated aspects of 
quality and quantity of incidental exposure in adaptation to a 
novel lexical tone system. Recently, Zhao, Sloggett, & 
Chodroff [7] identified that native Standard Mandarin listeners 
adapted to a novel lexical tone system from the Chengdu 
Mandarin dialect with less than two minutes of incidental 
exposure. Chengdu Mandarin has the same underlying four-
tone system as Standard Mandarin, but disparate phonetic tone 
realizations (Figure 1) [8, 9, 10]. In the experiment, 24 sentence 
frames were manipulated to have either a semantically plausible 
(low-surprisal) or an implausible (high-surprisal) meaning by 
altering the tone category of one target word in the sentence-
medial or sentence-final position. Native speakers of Standard 
Mandarin were asked to judge whether the spoken sentence was 
plausible or not with a “yes” or a “no” response in both their 
native dialect, Standard Mandarin, and the unfamiliar dialect, 
Chengdu Mandarin. Accurate judgment on the sentence 
plausibility and/or different response times between the high- 
and low-surprisal conditions indicated awareness of the 
surprisal tone manipulation and adaptation to the unfamiliar 
tone system. The results showed that listeners consistently 
slowed down for the high-surprisal sentences in Chengdu 
Mandarin starting from the beginning of the experiment, which 
strongly indicated rapid adaptation to the unfamiliar phonetic 
tones without explicit exposure to the dialect. This finding also 
leads to the hypothesis that phonetic tone information is always 
processed –– even if such information may have little influence 
in lexical decision [11]. This has broader implications for 
models of speech perception involving lexical tone [11, 14, 15]. 

A critical aspect in the design of the experiment was that 
participants heard both the low- and high-surprisal versions of 
the sentence in each dialect, which provided minimal-pair 
sentences that contrasted in semantic plausibility and lexical 
tone category [7]. The presentation of minimal-pair sentences 
may facilitate rapid adaptation to a novel tone system. To test 
the potential conditions for adapting to a novel tone system with 
incidental exposure, the present study investigated 1) whether 
adaptation can still be achieved when minimal pairs are 
removed, and 2) if increasing the amount of incidental exposure 
would facilitate adaptation. We removed the minimal-pair 
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contrast in the dialect-specific stimuli and introduced three 
repetitions of all trials in the new experiment. Minimal-pair 
presentation may be necessary for adaptation, in which case, we 
would expect that listeners have comparable response times for 
Chengdu Mandarin between high- and low-surprisal sentences, 
at least in the initial trials. However, a difference in response 
time may still emerge as incidental exposure increases with 
repetition.  

The present study first investigated the effect of repetition 
on adaptation without minimal-pair presentation via the main 
experiment. To single out the effect of minimal-pair 
presentation, the response-time data in the first repetition block 
from the present experiment was extracted and compared to that 
from the previous experiment [7]. The absence of minimal-pair 
sentences was expected to impede adaptation. However, the 
effect of non-minimal-pair presentation was expected to be 
overcome by increasing the amount of ambient exposure 
through repetition.  

 
Figure 1: Smoothed lexical tone contours of Standard 

Mandarin and Chengdu Mandarin converted to Chao Tone 
numerals [10]. Ribbons reflect ±1 standard error of the mean. 

2. METHODS 

The current experiment replicated the design of the previous 
experiment of Standard Mandarin and Chengdu Mandarin [7], 
but with three repetition blocks and without the presence of 
minimal pair sentences in each dialect. 

2.1. Participants 

Thirteen native speakers of Standard Mandarin who reported 
little or no knowledge of Chengdu Mandarin participated in the 
experiment. No participant reported any hearing or reading 
impairments.  

2.2. Materials 

The experiment used the same 24 sentence frames as in Zhao et 
al. [7]. For each sentence frame, the lexical tone category of one 
target word was manipulated to have a semantically plausible 
(high-surprisal) or an implausible (low-surprisal) meaning (see 
Table 1). To avoid having both low- and high-surprisal versions 
of the sentence presented in the same dialect, each surprisal 
version was assigned to a different dialect. In addition, each 
critical-word tone category and position (medial or final, 
balanced evenly) were presented approximately the same 
number of times in each dialect.  

2.3. Procedure 

The experiment was built using Gorilla Experiment Builder 
[12]. Participants were asked to complete the semantic 
plausibility judgment task on their personal device with internet 

access in a quiet room, and with headphones if possible. The 
participants were made aware that they would be listening to 
sentences spoken in either the familiar Standard Mandarin or an 
unfamiliar Mandarin dialect. They were then presented with a 
test audio so they could adjust the volume of the sound output 
to a comfortable level. 

The practice phase consisted of two trials that introduced 
the test phase procedure. To start the trial, the participant 
pressed a “play audio” button on the screen. After listening, 
participants responded to the question “Does this sentence 
make sense” by clicking on either the “yes” or “no” response 
button on the screen. Feedback was then provided by displaying 
the orthographic form of the sentence on the screen. The two 
trials contained one high-surprisal and one low-surprisal 
Standard Mandarin sentence. These sentences were not 
repeated in the main experiment.  

In the test phase, the participants received one of the two 
lists described in the materials. The task was identical to the 
practice trials except that no feedback was given. There were 
24 trials in each block, and a total of three blocks for each 
dialect (24 trials × 3 repetitions × 2 dialects). The participants 
heard Chengdu Mandarin blocks first, then the Standard 
Mandarin blocks to avoid task-based learning effects in the 
adaptation process due to prior familiarity with the sentence 
frames in the native dialect. The trials in each repetition block 
were randomized. 

low-surprisal 
sentence 

a) 有        一只    鹰        在       天上           飞 
    You3  yi4 zhi1 ying1  zai4 tian1 shang4  fei1 
    There is  an   eagle    in the sky              flying 
    “There is an eagle flying in the sky” 

high-surprisal 
sentence 

b)* 有      一只    鹰        在       天上            肥* 
     You3  yi4 zhi1 ying1  zai4  tian1 shang4  fei2* 
     There is  an  eagle    in the sky  gaining weight* 
     “There is an eagle gaining weight in the sky” 

Table 1: An example sentence item across surprisal conditions. 

2.4. Data analysis 

The effects of surprisal (high surprisal vs. low surprisal), 
dialect (Standard Mandarin vs. Chengdu Mandarin) and 
repetition were assessed on accuracy and response time. 
Responses that matched the expected plausibility judgment 
were considered correct: “yes” responses to low-surprisal 
plausible sentences and “no” responses to high-surprisal 
implausible sentences. Response time was calculated as the 
interval between the end of the audio file and the click 
registering a judgment.  

Accuracy was modeled with a Bayesian logistic mixed-
effects regression, and response time with a Bayesian log-
normal mixed-effects regression, both with weakly informative 
priors [13]. Each model included fixed effects of surprisal, 
dialect, two repetition contrasts, and the full set of interactions. 
The random effect structure for participants included an 
intercept and slopes for surprisal, dialect, repetition contrasts 
and all the interactions, and for sentence frame, an intercept and 
a random slope for surprisal. The priors for the accuracy model 
were 𝑁(0, 20) for the intercept, main effects and interactions, 
and 𝑁(0, 0.05)  for random effects. For the response-time 
model, the priors were 𝑁(7, 1)	for the intercept, 𝑁(0, 1) for 
main effects and interactions,	 and	 𝑁(0, 0.01)  for random 
effects. The model was run for 2000 iterations with a burn-in 
period of 1000 iterations. Surprisal and dialect were sum-coded 
(surprisal: high-surprisal = 1, low-surprisal = −1; dialect: 
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Chengdu Mandarin = 1, Standard Mandarin = −1). Reverse 
Helmert coding was used for the three-level repetition factor, 
comparing one level to the mean of the previous level(s) 
(repetition contrast 1: block 2 = 1/2, block 1= -1/2, block 3 = 0; 
repetition contrast 2: block 3 = 2/3, block 2 = − 1/3, block 1 = 
−1/3). An estimate was deemed credible in its direction of 
influence on the dependent variable if the 95% credible interval 
excluded 0 (i.e., no effect).  

For the comparison between the present and previous 
experiments, response time was modeled with fixed effects of 
surprisal, dialect, trial, presentation (presentation: with-
minimal-pair design = 1, no-minimal-pair design = −1), and the 
interaction of surprisal, dialect and presentation. The random 
effects for participants included an intercept and slopes for 
surprisal and dialect, and for frame an intercept and a slope for 
surprisal. The same priors were used as the above response-time 
model. 

3. RESULTS 

3.1. Results from the current experiment 

3.1.2. Accuracy 

The overall accuracy across dialect and surprisal conditions 
(Figure 2) closely resembled the previous findings: 1) high 
near-ceiling accuracy in both surprisal conditions for the 
familiar dialect and 2) considerably lower accuracy in the high-
surprisal condition for the unfamiliar dialect, Chengdu 
Mandarin. A gradual improvement can be seen over the three 
blocks in the Chengdu high-surprisal conditions. 

 
Figure 2: Percentage of correct responses across dialect, surprisal and 

repetition (“1, 2, 3” refer to the repetition blocks).  

The model revealed credible main effects of surprisal, 
dialect, and the interaction between dialect and surprisal as in 
the previous study. Specifically, accuracy was higher in the 
low-surprisal condition than in the high-surprisal condition 
(surprisal: β = −7.64, 95% CI = [−14.89, −3.10]); accuracy 
was higher for sentences spoken in Standard Mandarin than in 
Chengdu Mandarin (dialect: β = −7.04, 95% CI = [−14.24, 
−2.51]); the credible interaction between surprisal and dialect 
indicated higher accuracy for Standard Mandarin low-surprisal 
sentences (dialect x surprisal: β = 5.13, 95% CI = [0.58, 12.32]). 
For the effect of repetition, accuracy was reliably different from 
the first to the second block of repetition (repetition contrast 1: 
β = −7.78, 95% CI = [−21.09, −0.19]), but not from the first 
two blocks to the third block (repetition contrast 2: β = 4.79, 
95% CI = [−6.06, 19.63]). The second repetition block reliably 
interacted with surprisal (surprisal x repetition contrast 1: β = 
8.29, 95% CI = [0.73, 21.59]) and dialect (dialect x repetition 

contrast 1: β = 7.70, 95% CI = [0.11, 20.95]), while the third 
repetition block showed no credible interaction with the other 
factors (surprisal x repetition contrast 2: β = −4.23, 95% CI = 
[−18.96, 6.62]; dialect x repetition contrast 2: β = −4.39, 95% 
CI = [−19.14, 6.43]; surprisal x dialect x repetition contrast 2: 
β = 4.63, 95% CI = [−6.13, 19.48]). This suggested that 
accuracy improved after the second repetition of the trials for 
the high-surprisal sentences compared to the low-surprisal, and 
for Chengdu sentences compared to Standard Mandarin, but 
these did not reliably improve in the third block. 

3.1.2. Response time 

The response-time model identified credible effects of all tested 
factors and their interactions, except for the interaction between 
surprisal and the second repetition contrast. To be exact, the 
credible effects of surprisal (surprisal: β = 0.15, 95% CI = [0.12, 
0.18]), dialect (dialect: β = 0.11, 95% CI = [0.08, 0.13]) and the 
interaction between surprisal and dialect (surprisal x dialect: β 
= −0.07, 95% CI = [−0.09, −0.05]) replicated the patterns 
found in the previous study: listeners were reliably slower in the 
high-surprisal condition in both dialects, with greater difference 
between the surprisal conditions in Standard Mandarin than in 
Chengdu Mandarin (Figure 3). Nevertheless, a difference was 
still observed between high- and low-surprisal conditions in 
Chengdu Mandarin. 

 
Figure 3: Response times across dialect and surprisal conditions. 

For the effect of repetition (Figure 4), all responses 
generally accelerated block by block (repetition contrast 1: β = 
−0.16, 95% CI = [−0.21, −0.11]; repetition contrast 2: β = 
−0.19, 95% CI = [−0.24, −0.14]). Moreover, slower responses 
were found for Chengdu sentences after each repetition, relative 
to Standard Mandarin sentences (dialect x repetition contrast 1: 
β = 0.11, 95% CI = [0.06, 0.17]; dialect x repetition contrast 2: 
β = 0.10, 95% CI = [0.05, 0.14]). However, response times were 
credibly faster for  high-surprisal sentences from the first to the 
second block (surprisal x repetition contrast 1: β = −0.06, 95% 
CI = [−0.11, −0.003]), possibly driven by the faster responses 
to Standard Mandarin sentences, but there was no difference 
towards the third block (surprisal x repetition contrast 2: β = 
−0.02, 95% CI = [−0.07, 0.02]). In fact, response times were 
reliably modulated by the three-way interactions between 
surprisal, dialect and both repetition contrasts (surprisal x 
dialect x repetition contrast 1: β = 0.07, 95% CI = [0.02, 0.13]; 
surprisal x dialect x repetition contrast 2: β = 0.06, 95% CI = 
[0.01, 0.11]), suggesting block-wise slowdown for Chengdu 
high-surprisal sentences, but block-wise speed-up for Standard 
Mandarin high-surprisal sentences. 
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Figure 4: Response times across dialect, surprisal and repetition 

conditions (“1, 2, 3” refer to the repetition blocks). 

3.2. The effect of minimal pairs 

To examine the effect of minimal-pair presentation on response 
time, we compared the first block of data in the present study to 
the data in the previous study, which only differed in the 
presence of minimal pairs (Figure 5). Accuracy was not 
examined as surprisal did not influence responses to Chengdu 
sentences in either study. No credible effect of presentation was 
detected between the two designs (presentation: β = 0.05, 95% 
CI = [−0.03, 0.12]), indicating that the effect of minimal-pair 
presentation was not as salient as expected. Response times 
were consistently slower for high-surprisal sentences in both 
experiments (surprisal: β = 0.20, 95% CI = [0.15, 0.25]), 
reflecting listeners’ awareness of surprisal manipulation even 
without minimal pairs or repetition. The high-surprisal 
slowdown did not reliably interact with presentation (surprisal 
x presentation: β = 0.01, 95% CI = [−0.03, 0.06]; surprisal x 
dialect x presentation: β = −0.0006, 95% CI = [−0.04, 0.03]), 
indicating that the removal of minimal pairs did not credibly 
affect listeners’ sensitivity to the surprisal manipulation. 
Nevertheless, the estimated mean difference between high and 
low surprisal differed numerically between the two sets of data 
in the expected direction: about 170 ms without minimal pairs, 
and 270 ms with minimal pairs. Minimal-pair presentation may 
have numerically facilitated adaptation to the novel tone system, 
resulting in greater distinction between the surprisal 
manipulations; removal of the minimal pairs reduced, but did 
not obviate the effect of surprisal. There was also a credible 
interaction between presentation and dialect (dialect x 
presentation: β = 0.06, 95% CI = [0.003, 0.11]), indicating 
slower responses to Chengdu sentences when minimal pairs 
were present. 

 
Figure 5: Response times across dialect, surprisal and 

presentation conditions in the previous (with-minimal-pair) and the 
new (no-minimal-pair) experiments  

 

4. DISCUSSION 

The previous experiment on Chengdu Mandarin revealed rapid 
adaptation to the novel tone system with incidental exposure 
containing minimal-pair sentences [7]. The current experiment 
found that rapid adaptation to the novel tone system was 
persistent even when minimal-pair sentences were removed 
from the stimuli and only minimal incidental exposure was 
available. Enhancement in quality (minimal pairs) and quantity 
(repetition) of the exposure both facilitated adaptation in terms 
of accuracy and response time, but they were not necessary 
factors.  

The present study showed similar results for the effects of 
dialect and surprisal as in the previous study, which indicated 
successful adaptation and shared perceptual mechanisms for 
novel tone processing with [7] and without minimal pairs. 
Increased incidental exposure reliably boosted adaptation to the 
unfamiliar tone system, evidenced by improved accuracy and 
increased difference in response times between the low- and 
high-surprisal conditions starting from the second block of 
repetition.  

Specifically for the effect of minimal-pair presentation, it 
was surprising to find that listeners were sensitive to the 
surprisal manipulations even when the minimal pairs were 
removed from exposure. In fact, adaptation occurred under 
rather adverse conditions, where incidental exposure was 
limited to one repetition and with no minimal-pair sentences in 
the same dialect. Nevertheless, inclusion of minimal pairs in the 
stimuli can assist discrimination between the low- and high-
surprisal meanings, and may potentially direct more attention 
to the tone contrast and ease the process of adaptation or 
learning of the new tone system. 

As minimal incidental exposure was sufficient for adapting 
to the unfamiliar tone system with or without minimal pairs in 
the exposure, it is unlikely that listeners relied on increased 
exposure to initiate adaptation. Repetition was more likely a 
consolidating factor as the mappings between the phonological 
categories and the novel phonetic tone realizations were 
reinforced over repetitions.  

5. CONCLUSION 

The present study investigated the potential factors impacting 
adaptation to an unfamiliar tone system by testing the effects of 
minimal-pair presentation of the stimuli and increased 
incidental exposure. We found that both factors were adequate 
to induce adaptation, though neither was necessary. The current 
study also has implications of more readily processed tones for 
models of speech perception. Further analysis should delve into 
the tone-specific adaptation which was not reported due to 
limited space. As the current experiment examined adaptation 
with incidental exposure, further research could be done to 
assess the effect of explicit training for adaptation to unfamiliar 
lexical tone systems. 
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