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ABSTRACT

Adults typically struggle to perceive non-native sound contrasts, especially those that conflict with their first

language. Do the same challenges persist when the sound contrasts overlap but do not conflict? To address

this question, we explored the acquisition of lexical tones. While tonal variations are present in many

languages, they are only used contrastively in tonal languages. We investigated the perception of Mandarin

tones by adults with differing experience with Mandarin, including naïve listeners, classroom learners, and

native speakers. Naïve listeners discriminated Mandarin tones at above-chance levels, and performance

significantly improved after just one month of classroom exposure. Additional evidence for plasticity came

from advanced classroom learners, whose tonemic perception was indistinguishable from that of native

speakers. The results suggest that unlike many other non-native contrasts, adults studying a language in the
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classroom can readily acquire the perceptual skills needed to discriminate Mandarin tones.

Introduction

Researchers have long been fascinated by the challenges inherent in adult second language (L2) learning.

Phonology appears to be especially difficult for late learners, including both perception (e.g., Goto, 1971;

Miyawaki et al., 1975; Werker & Tees, 1984) and production (Flege et al., 1995, 1999). It has been suggested

that there may be a period after which learners can no longer acquire native-like phonological abilities, and

that the window may be narrower than for other aspects of language, such as morphosyntax (e.g., Long,

1990; Ruben, 1997; Scovel, 1988). These challenges can have latent effects; for instance, difficulties

differentiating non-native phonemes can impede L2 lexical development (Leonard, 1982).

Previous research exploring non-native speech perception has typically utilized two kinds of L2 phoneme

categories: those that conflict with the first language (L1) and those that do not exist in L1. In the case of

conflicting non-native speech sounds, there is typically a mismatch in the distributions of phonetic cues in L1

vs. L2. For instance, Japanese speakers have difficulty discriminating the English/r/-/l/contrast, likely because

exemplars of /r/and/l/occur along the continuum of a single Japanese phoneme (Goto, 1971; Miyawaki et al.,

1975). While training can improve L2 listeners’ performance (e.g., Antoniou & Wong, 2016; Logan et al., 1991;

McClelland et al., 2002), learners may still fail to achieve native-like proficiency (Bradlow et al., 1997; Strange &

Dittmann, 1984). In contrast, other non-native phonemes appear to present less difficulty and may be

perceived as entirely novel. Zulu clicks, for example, are unrelated to English phonemes, and adult English

speakers can readily discriminate between them (Best et al., 1988).

There is another important class of non-native phonetic contrasts: sounds that exist in L1 but are only used

contrastively in L2. One such property of speech, with different functions in different languages, is pitch

variation. In syllable-tone languages, pitch variations distinguish lexical meanings at the syllabic level (e.g.,

Burnham & Mattock, 2007; Yip, 2002). For example, the four citation tones in Mandarin can be categorized as

high level (T1), high rising (T2), low dipping (T3), or high falling (T4) (Bao, 1990, 2003). The syllable/ma/can

mean “mom”, “hemp”, “horse”, or “scold”, depending on the lexical tone. Thus, in tonal languages, tone

recognition is an essential component of word comprehension.

This particular characteristic of tonal languages is distinct from the way pitch is used in Indo-European

languages. In English, for example, intonational variation provides pragmatic and emotional information (e.g.,

Fernald et al., 1989; Moore et al., 1997), and denotes phrase boundaries (e.g., Gussenhoven, 2004). At the

syllabic level, though lexical stress can change a word’s meaning (e.g., REcord vs. reCORD), other cues such as

amplitude and duration are also usually included. Importantly, pitch changes alone in English do not alter

word meanings, and thus, English pitch patterning does not encourage English speakers to treat tone as

contrastive for each syllable, or even to track it with reference to lexical representations (Chen & Kager, 2016;
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Hay et al., 2015; Liu & Kager, 2015; Quam & Swingley, 2010). Furthermore, even though speakers of non-tonal

languages may be familiar with some of the acoustic cues involved in lexical tone, tones still represent an

unfamiliar suprasegmental feature. Non-tonal speakers may be able to make use of their L1 domain of

prosody, for example, and can categorize Mandarin tones using acoustic similarity between the tones and

their native intonational, rhythmic, and stress systems, relying on F0 properties (Broselow et al., 1987; So &

Best, 2011; White, 1981). However, the different role of F0 in tonal vs. non-tonal languages makes assimilation

difficult (Yang & Chan, 2010). Due to the unique combination of overlap and contrast between tone- and non-

tone-languages, a better understanding of how L2 learners perceive tones could yield valuable insights

regarding adult L2 learners’ plasticity for perceptual adaptation in adulthood.

Research investigating adults’ learning of tones reveals that lexical tone contrasts present a challenge for L2

learners (Burnham & Francis, 1997; Showalter & Hayes-Harb, 2013; Wang, 2013; Wang et al., 2003; Wayland &

Guion, 2004 but see Antoniou and Wong (2016) for discussion of the relative difficulty of tones compared to

contrasts such as voice onset time). The difficulty is particularly pronounced for learners whose L1 does not

utilize pitch height or contour in a contrastive manner (see Antoniou & Chin, 2018, for a review). Non-tonal L2

speakers use different strategies to process lexical tone than native speakers (e.g., Francis et al., 2008;

Gandour et al., 2000; Wang et al., 2003). Unlike native speakers of a tonal language, non-tonal L2 speakers do

not perceive tones categorically (Hallé et al., 2004; Peng et al., 2010; Wu & Lin, 2008), and the perception of

tone categories differs across conditions and languages (see Burnham & Mattock, 2007, for a review). For

example, native Mandarin speakers attend to the fundamental frequency contour when processing tonal

contrasts, such that they focus on the direction of change (e.g., rising versus falling) of the pitch height (Liu &

Samuel, 2004; Xu, 1997). In comparison, native English speakers utilize just the height of the tones for

Mandarin tonal contrasts, leading to errors during tone processing (Wang et al., 2003). Thus, both tonal and

non-tonal speakers rely on the dimensions of pitch that are meaningful in their native languages.

Given that tonal contrasts have been consistently shown to be challenging (e.g., Burnham & Francis, 1997;

Wang et al., 2003, 1999; Wayland & Guion, 2004), several past studies have explored the effects of tone

training for L2 learners using both artificial tonal languages (e.g., Caldwell-Harris et al., 2015; Wong &

Perrachione, 2007) and real Mandarin stimuli (e.g., Chandrasekaran et al., 2010; Showalter & Hayes-Harb,

2013; Wang et al., 1999). Most adult language-learning occurs in a classroom setting (Snyder & Dillow, 2011),

and results from both behavioral and neuroscientific paradigms suggest that naïve listeners and adult L2

learners can improve their perception of lexical tone contrasts (e.g., Antoniou & Wong, 2016; Chandrasekaran

et al., 2010; Showalter & Hayes-Harb, 2013; Wang et al., 1999; Wong & Perrachione, 2007).

These improvements have been demonstrated in both lab-based and classroom learning contexts (Shih et al.,

2010; Song et al., 2008; Wang & Kuhl, 2003; Wang et al., 1999; Wong & Perrachione, 2007; Wong et al., 2007).

Successful lab-based manipulations typically take place over multiple sessions (e.g., Wang et al., 1999), and

have yielded enhancements in naïve listeners’ ability to identify tones in as little as a total of 90 minutes of

training (Wong & Perrachione, 2007), although it remains unclear how long these effects last. In addition, tone
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training paradigms have also been shown to produce reliable changes in the learners’ brains (e.g., Asaridou et

al., 2015; Wong & Perrachione, 2007). Thus, adult learners are able to change their perception of tonal

contrasts, but it is not yet known how much experience, particularly in the classroom, is needed to create

these changes.

To date, only a few studies have explored the trajectory for improvement on tone discrimination tasks. Zhang

(2011) examined native English speakers studying Mandarin in China. When asked to identify items that

differed by a single tone, both “novice” (7–9 months of study in China) and “intermediate” (20–25 months)

groups performed significantly worse than the native speaker group. Guo and Tao (2008) recorded American

students in a first-year Chinese class over two semesters and showed that they continued to struggle with

tone production at the sentence level across all four tones. Even studies with highly advanced learners

suggest that L2 learners are unlikely to perform at native levels. For instance, Hao (2012) found that while L2

learners with more than two years of Mandarin-learning experience were relatively successful in mimicking

monosyllabic tones, they still made errors in identifying them, suggesting that even advanced learners fail to

match native speakers. Similarly, research by Lee et al. (2010) showed that while third-year Mandarin

students were almost as accurate as native speakers in identifying isolated Mandarin tones, they took less

advantage of subtle cues, such as coarticulation, and their error patterns differed from native speakers.

Likewise, recent research by Pelzl et al. (2019) found that advanced Mandarin L2 learners lagged behind

native speakers on their accuracy in identifying syllables in both behavioral and ERP tasks. Together, these

studies suggest a persistent and long-lasting difficulty for L2 learners attempting to fully master the lexical

tones of Mandarin.

To summarize, past findings have suggested adult L2 learners of Mandarin Chinese can learn tonal contrasts

with a relatively short amount of exposure (e.g., Wang et al., 1999; Wong & Perrachione, 2007) and advanced

learners may achieve high-level performance on tonal discrimination tasks (e.g., Hao, 2012; Lee et al., 2010).

However, no prior study has systematically tested classroom learners at multiple stages of learning, and it is

not known how long it takes for learners to achieve native or near-native proficiency in discriminating non-

native lexical tones as a result of continued classroom exposure.

The current research addresses these issues by assessing phonological learning in L2 learners acquiring a

tonal language through classroom instruction. The ability to learn about L2 sounds typically depends on L1

characteristics (e.g., Best et al., 1988; Finn et al., 2013; Flege, 1987, 1989; Guion et al., 2000; Iverson et al.,

2003; Pallier et al., 1997; Strange, 1995). Pitch contours are present in English, but they are not used

contrastively; changes in pitch serve a primarily non-lexical (e.g., pragmatic) purpose. Therefore, one

prediction is that adult English speakers will be slow to acquire lexical tones, requiring a great deal of

experience to overcome their bias against using pitch contrastively. Alternatively, since tonemes (pitch

variations over every syllable) do not exist in English, Mandarin tone categories will not conflict with extant L1

categories (much like the aforementioned Zulu clicks). By this account, tonal contrasts should be learned

quite readily by English speakers. By testing learners with varying amount of experience with a tonal
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language, the present study can shed light on how quickly L2 learners are able to acquire a new phonological

category and discriminate tonemic contrasts at the syllabic level.

We developed an AXB task to investigate tonemic perception in adults with varying amounts of exposure to

Mandarin. Participants heard triads of syllables, and were asked whether the first or the third syllable had the

same tone as the second syllable. We used this task to address three questions. First, can English speakers

with no prior tonal language experience perceive the differences between Mandarin tonemes? Prior

investigations of this issue have rendered contradictory evidence (e.g., Gao et al., 2011; Harrison, 2000; Liu &

Kager, 2011; Mattock & Burnham, 2006; Mattock et al., 2008). Second, how much exposure to Mandarin is

necessary to observe improvements in discrimination of tones? We addressed this question by testing groups

of participants with varying amounts of college Mandarin coursework, including individuals who had no

experience with Mandarin; these participants served as a baseline that allowed us to measure how even

minimal exposure might influence perception. By testing learners enrolled in second language classrooms,

we were able to take an ecologically valid approach to examine how tone learning progresses in typical L2

settings, which is a vastly under-studied topic, as well as to evaluate the effectiveness of classroom-based

instruction. Finally, we asked how much experience it would take for adult L2 learners to achieve native-like

tonemic perception. We addressed this question by including a group of advanced classroom Mandarin

learners in the study. Taken together, these three research questions address the role of experience in L2

tonal perception, with implications for understanding language plasticity and the trajectory of L2 learning in

adulthood.

Method

Participants

Five groups of students participated in this study; all were enrolled at the same large Midwestern university

and reported normal hearing. The Naïve Listeners reported no prior tonal language experience (n = 40; 12

male). The Beginner group had just begun studying Mandarin, and had received one month of classroom

instruction (n = 50; 22 male). The Intermediate group was nearing the end of their second semester of

classroom Mandarin instruction (n = 49; 29 male). The Advanced group had taken at least four semesters of

Mandarin; 12 had studied abroad in China (n = 15; 8 male). Participants in the three L2 learning groups (i.e.,

Beginner, Intermediate, and Advanced groups) all went through the same course sequence; there were no

heritage language learners in any of the groups. All of the Mandarin learners were enrolled in the same

university language program and all instructors had received the same training and were regularly evaluated

on their implementation of a standard curriculum. Finally, the Native Speaker group consisted of L1 Mandarin

speakers (n = 33; 7 male), all of whom grew up in China and described Mandarin as their first and dominant

language, though they were currently living in the United States. None of the participants had experience with

any tonal language other than Mandarin. An additional 25 participants were tested but excluded due to: non-
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native speakers with experience with Mandarin prior to college (n = 7), experience with another tonal

language (n = 15), missing information about language experience (n = 1), failure to complete the task (n = 1),

or failure to follow directions (n = 1). Participants were recruited through their Mandarin or Psychology

classes and received course credit or $10.

Stimuli

Materials for the discrimination task consisted of nine syllables with both CV and CVC structures. These

syllables (ma, gu, dui, chai, nan, xi, lu, feng, que) were produced in isolation in each of the four Mandarin

tones by a female native Mandarin speaker (see Appendix for details). The 36 tokens were edited to match in

amplitude; duration was left unmatched in order to preserve the naturalness of tonal characteristics (Chao,

1968; Duanmu, 2000; Xu, 1997; Yip, 2002). Three additional syllables (he, lo, ju) were recorded in the first and

fourth tones to be used for practice trials. All syllables were real words in Mandarin but nonwords in English.

Procedure

We used an AXB task to test tonemic discrimination. Participants sat at a computer and listened to triads of

syllables over headphones; syllables were separated by 1 sec. There were four practice trials, which each

consisted of three unique syllables in succession, two of which shared a tone (e.g., ju1-he1-lo4). They were

told that the second syllable would have the same tone as either the first or third syllable, and asked to

indicate their choice of the matching tone via a key press. After responding, they received feedback, and the

next trial began after a .5 sec pause.

The test phase was identical to the practice phase except that participants no longer received feedback. Each

tone was used equally often in each position, such that all possible contrasts between tonemes were tested

equally. All tonemes were presented in each of the nine test syllables. There were 72 test trials.

Questionnaires

Participants provided information about their language experience using the Language Experience and

Proficiency Questionnaire (Marian et al., 2007). Participants were also asked about their musical experience

because of the possibility that musicians might have better tone perception than non-musicians (Wong &

Perrachione, 2007). Fifteen participants (Natives: n = 11, Intermediate: n = 3, Beginners: n = 1) did not provide

information about their musical training. For the remaining 172 participants, those reporting five or more

years of experience of musical training on a single instrument or voice (e.g., 5 years of piano, not 2 years of

piano and 3 years of violin) were coded as “experts” (n = 75); those who reported some experience (but fewer

than five years on any one instrument or voice) were considered “intermediate” (n = 63); participants with no

formal training were classified as “novices” (n = 34). The proportion of experts did not differ across the five

groups [range: 40–53%, X (3, n = 172) = .34, p = .99].2
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Results

To determine whether experience with Mandarin was related to the perception of Mandarin tonemes, we

computed participants’ mean accuracy on the tonemic discrimination task and conducted a one-way ANOVA

comparing the five language groups. The ANOVA was significant [F(4, 182) = 16.80, p < .00001, partial

η = .270],  with better performance with increased Mandarin experience; see Figure 1. We next asked

whether the Naïve Listener group could successfully discriminate Mandarin tonemes; their performance was

significantly better than chance (50%) [67.4%, t(39) = 7.09, p < .0001, d = 2.271]. These results suggest that

even in the absence of experience with a tonal language, non-native speakers have a rudimentary ability to

discriminate Mandarin tonemes. The Naïve Listener group also serves as a baseline, providing a point of

comparison for the L2-learning groups.

Figure 1. Mean performance on the tone discrimination task. Error bars indicate standard errors.

To address the remaining questions, we conducted a series of pairwise comparisons using Tukey’s HSD to

control for multiple comparisons (adjusted p-values and group means are reported in Table 1). The Naïve

Listeners performed significantly worse than all the other groups (all p < .001), including the Beginners, who

had only had one month of experience with Mandarin. This finding suggests that even a very brief amount of

classroom exposure to Mandarin facilitates tonemic discrimination. The Beginner and Intermediate groups

both performed significantly worse than the Native Speaker group (p < .05), indicating that a few weeks to a

year of classroom experience is not sufficient to achieve native-like perceptual abilities. However, the

Advanced learners did not differ from the Native Speaker group (p = .997), suggesting that it is possible for

adult learners to reach native levels of performance on this task.

To rule out the possibility that differences in performance might be attributable to differences in musical

training, we performed a second ANOVA that included Music Experience, coded as described above, in

addition to Language Group, for the 172 participants for whom we had information about musical training.

There was a main effect of Music Experience (Novice vs. Intermediate vs. Expert) [F(2, 157) = 3.05, p < .05,

partial η  = .037], suggesting that individuals with more musical training outperformed individuals with less
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musical training. However, the interaction with language group was not significant [F(8, 157) = .80, p = .61).

Therefore, we can conclude that the group differences we observed are unlikely to be due to differences in

musical training.

Finally, past research has shown that not all tones are equally difficult to discriminate (Hallé et al., 2004; Hao,

2012; Kiriloff, 1969; Zue, 1976), and language experience can influence which pairs are more easily confused.

Therefore, we wanted to test whether experience with Mandarin changed which contrasts were the most

challenging to distinguish. We performed a two-way mixed ANOVA exploring the effects of Tonemic contrast

(within subjects) and Language Group (between-subjects). The model revealed a significant main effect of

Tonemic contrast [F(5, 910) = 30.11, p < .00001, partial η  = 1.42], demonstrating that not all contrasts were

equally discriminable. However, the interaction between Tonemic contrast and Language Group was not

significant [F(20, 910) = 1.25, p = .21]. All groups, including the Native Speakers, performed worst on the

Tone2 vs. Tone3 contrast, and increased experience with Mandarin led to improvement across all tonemic

contrasts, which is consistent with other reports (e.g., Hao, 2012; Wang et al., 1999). Thus, even though some

tonemic pairs were easier to discriminate than others, varying knowledge of Mandarin did not lead to

differential sensitivity to particular tonemic contrasts (see Table 2 for details).

Discussion

Using an AXB task, we investigated how adults with varying amounts of exposure to Mandarin perceive

tonemic contrasts and documented the effect of L2 classroom experience on perceptual sensitivities. Naïve

adults with no prior tonal language experience performed significantly above chance. Surprisingly, a mere

month of classroom experience was enough to significantly improve performance over naïve listeners, but an

additional year of classroom exposure did not lead to further improvements. Finally, advanced L2 learners

(who had taken at least 4 semesters of college Mandarin plus study abroad) performed as accurately as

native Mandarin speakers. The finding that L2 learners of Mandarin Chinese can show marked improvements

in their perception of tonal contrasts coheres with prior findings (e.g., Guo & Tao, 2008; Hao, 2012; Lee et al.,

2010). By including learners at different stages of proficiency, the current results highlight the incremental

and non-linear trajectory by which learners gain proficiency with this L2 feature in a classroom setting.

Despite having no exposure to Mandarin, naïve participants showed some sensitivity to tonemic contrasts.

Non-native contrasts are not all equally difficult to perceive (e.g., Best et al., 1988), and these results suggest
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that Mandarin tonemes can be distinguished by listeners who are unfamiliar with any tonal language, which is

consistent with prior studies (e.g., Wang et al., 1999). This sensitivity suggests that even though participants

may not be accustomed to attending to the lexical function of suprasegmental information, their L1

experience did not prevent them from being able to perceive tonemic contrasts. In addition, the significant

improvement in performance shown by the Beginners, who had only had a month of Mandarin experience,

also supports the view that L2 contrasts that do not directly conflict with L1 can be learned relatively easily

(e.g., Antoniou & Wong, 2016; Best, 1993, 1994; Best et al., 1995, 1988; Kuhl, 1991; Kuhl et al., 2005; Zhang et

al., 2009). Furthermore, the rapid change shows that classroom experience can have immediate, measurable

consequences on adults’ perception.

While one month of experience appears to be enough to yield enhanced sensitivity to tonemic contrasts, an

additional year of experience did not improve performance (Intermediate group), suggesting that complete

mastery of this linguistic feature does not come rapidly. It could be that in the first weeks of a language

course, instructors emphasize this feature of Mandarin. Once students have a cursory understanding of tonal

structure, it receives less attention; in the early stages of L2 learning, a superficial knowledge of tones may

suffice. Another possibility is that until students reach a higher level of proficiency, tonemic contrasts remain

challenging. As with other L2 sounds, increased experience and expertise in the L2 could enhance

phonological abilities (Guion et al., 2000). In the current study, Advanced learners performed significantly

better than the less experienced learners, suggesting that learning may not follow an even trajectory. Even

though the measure of change was not taken at equal time intervals (e.g., the time difference between

Beginner and Intermediate groups was 6 months, while it was 1 to 3 years for the Intermediate and Advanced

groups), these data still suggest that there may not be an even progression in the rate at which these

contrasts are learned. It is likely that both increased linguistic input and overall proficiency played a role in the

superior performance of the Advanced learners. With sufficient exposure to tones, Advanced learners may

have developed a phonemic category for lexical tones that is distinct from any of the existing ones in their L1,

resulting in better sound discrimination. It is also possible that enhanced familiarity with the L2 allowed the

Advanced students to allocate attention to processing tonal cues in greater detail (Finn et al., 2013).

Though the Advanced learners performed as well as native Mandarin speakers on the AXB task, this result

does not necessarily suggest that they are perceiving lexical tones in an identical fashion to native speakers.

Prior research indicates that even when L2 learners show sensitivity to non-native cues in simple tasks, they

continue to struggle to use supragmental information in more demanding contexts (e.g., Cooper et al., 2012;

Dupoux et al., 2008). A limitation of our study was that it only tested the perception of isolated syllables

produced by a single speaker and did not include more challenging tasks, such as producing tones or using

tones to understand spoken language. Perceptual enhancement on a task assessing tonemic perception does

not establish that Advanced learners perceive tones lexically or that they are able to integrate tonal

information in speech processing. Indeed, other evidence suggests that classroom Mandarin learners struggle

with some language learning tasks that require them to make use of tonal information (Potter et al., 2017).

Still, it is important to note that the Advanced learners were capable of distinguishing tonemes and were
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performing as well as native speakers on this AXB task, demonstrating that classroom instruction can allow

adult L2 speakers to achieve native-like perceptual skills, at least in a simplified context.

In the present study, we only tested learners for whom tone was an unfamiliar lexical feature, and prior tonal

experience may interfere with non-native tone perception (So, 2005; So & Best, 2010). Learners whose L1

uses a different tonal system might face different challenges compared to non-tonal speakers in learning new

lexical tone contrasts in the classroom (e.g., Gandour et al., 2000; Hao, 2012). Future studies will explore

whether experience with different L1 tonal categories helps learners attend to L2 tones in a classroom

learning environment, or instead hinders the acquisition of L2 tones in comparison to naïve learners.

One important caveat is that our participants were not randomly assigned to language exposure groups and

there may be differences in their levels of motivation. Individuals in the Naïve group had chosen not to study

Mandarin, whereas the three classroom groups chose Mandarin as an L2. Moreover, there is a high attrition

rate from introductory Mandarin classes to the more advanced classes. Students who initially found

Mandarin tones especially challenging may have been less likely to continue to take Mandarin classes.

Different groups of learners could also have varied in their desire to achieve high proficiency. First-Year

Chinese was offered as a two-semester sequence that fulfilled the university’s foreign language requirement,

and it may be that some less-motivated students remained enrolled through the Intermediate level despite

limited interest in gaining proficiency, but only those more motivated students continued to the Advanced

level. However, the fact that we saw no difference in performance between students who had just enrolled in

Mandarin (Beginners) and those who had completed two semesters (Intermediate) suggests that self-

selection is unlikely to be the sole cause of the differences we observed, as the least-motivated students were

unlikely to take the second course in the sequence.  Furthermore, even if individuals who were more

sensitive to tones were more likely to continue studying Chinese, it is still unusual to see late L2 learners

achieve native-like performance on a non-native sound contrast (e.g., Dupoux et al., 1997). To fully

understand why some L2 learners and environments are more successful than others, future research will

need to examine contributions of student motivation, classroom experience, and individual abilities.

In a second language classroom, students are asked to perceive, comprehend, and produce unfamiliar

sounds after limited exposure to the new language. It has been well-documented that learners have trouble

learning contrasts that are inconsistent with their L1, but less attention has been paid to how the ability to

contend with these contrasts may change over time. The current study provided a systematic examination of

how L2 listeners contend with a novel contrast, lexical tone, as they gain experience with Mandarin through

classroom instruction in a university setting. Our results suggest not only that perceptual abilities change

quickly, but that on a simple discrimination measure, advanced L2 learners become indistinguishable from

native speakers. Thus, these findings suggest that adult learners retain sufficient plasticity to successfully

learn at least some non-native sound contrasts later in life.
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Appendix

Notes

1 Due to unequal Ns in the test groups (range = 15–51) and possible ceiling effects in the Advanced and

Native groups, we also performed nonparametric tests to confirm the results. Kruskal-Wallis test showed a

significant effect on the k independent sample test, Chi-square (4) = 52.184, p < .00001.

2 We also performed group comparisons using non-parametric tests. All comparisons involved the group with

the fewest participants (i.e. the Advanced group, n = 15) using Mann-Whitney U tests. The pattern of results

remains the same. Group medians and adjusted p-values are reported below, with starred values indicating a

significant difference between groups.
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3 According to Chinese instructors at the university, students who receive a grade below C typically do not

continue with the 2  semester of Chinese.
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