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In reading Chinese words, learners may process segment and tone either separately or as an integral unit, as evidenced in previous research. The present study compared two ways—Segmental versus Whole-Syllable-Based Training—for improving learners’ phonological and word learning in Chinese as a novel language, while controlling for learners’ musical ability, an important factor that may contribute to phonological learning. Forty-two American college students learned Chinese words represented by Pinyin, a Romanized script which denotes the pronunciation of Chinese characters. Before the training, all participants were introduced to the phonology and Pinyin system. Then, they were trained on the pronunciation and meaning of the Pinyin words with or without an emphasis on separating the tonal from segmental information. All participants’ musical ability was assessed using a musical ability test. Learning outcomes were measured through tasks of same-different phonological judgment, tone identification, and word comprehension. Results showed the equal success of the two training methods, probably due to the consistent involvement of Pinyin and learner’s reliance on segment and tone as an integral unit rather than separate cues in phonological and word learning. Furthermore, musical ability seems to play a role in phonological and word learning among novel learners of Chinese.
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INTRODUCTION
A great deal of research has provided overwhelming evidence that phonological information is activated and involved in reading (e.g., Tan and Perfetti, 1997; Luo et al., 1998; Xu et al., 1999; Spinks et al., 2000; Braun et al., 2009; Li et al., 2013) and phonological awareness—the ability to reflect on and manipulate sounds in speech—is an important predictor of learning to read in Chinese (e.g., Ho and Bryant, 1997; Shu et al., 2008; Ruan et al., 2018; for reviews see Ziegler and Goswami, 2005). Experience with Pinyin, a transparent alphabetic transcription of the pronunciations of written characters, can improve native Chinese-speaking children’s phonological awareness and character reading (Shu et al., 2008; Lin et al., 2010; Li et al., 2020). Pinyin knowledge also supports phonological processing among skilled native readers (e.g., Read et al., 1986; Leong et al., 2005; Zhu et al., 2009). Furthermore, research also suggests that Pinyin can facilitate phonological learning among learners of Chinese as a second language (L2) (e.g., Liu et al., 2011; Showalter and Hayes-Harb, 2013) and their subsequent word reading (e.g., Lü, 2017). However, previous research has paid little attention to the specific means by which the use of Pinyin can better support non-native learners’ phonological and word learning of Chinese.
The current study used Pinyin to train Chinese L2 learners on phonological perception and processing and spoken word recognition. Also, learners’ musical ability was taken into consideration, since it is an important factor that may contribute to L2 learners’ phonological learning based on previous research (e.g., Milovanov et al., 2008; Milovanov et al., 2010; Marie et al., 2011). The current study aims to build upon previous work by examining 1) the direct effects of two specific training methods not yet investigated in the literature; 2) the potential role of musical ability in L2 phonological and word learning.
Chinese phonology includes both segmental and tonal information. Traditionally, segments refer to discrete units that can be identified in the stream of speech (e.g., consonants and vowels) (Crystal, 2008). However, segments are often not completely discrete due to the overlap in cues for adjacent segments. Tonal information refers to suprasegments, which are identified as the vocal effect that extends over individual phonetic segments to syllables and larger units of speech. Stress, intonation and rhythm are examples of suprasegments (Gross, 2017). A lexical tone must be attached to a segmental syllable and cannot exist independently. In spoken Mandarin Chinese, a syllable consists of an onset (consonant) or without an onset, in addition to a rime (vowel + consonant or vowel only). In Mainland China, Pinyin has been used to aid children’s learning of the pronunciations of the written characters. Pinyin has a transparent orthography that explicitly marks the segmental information and the tone over the vowel. For example, the Pinyin representation of the word 妈, mother is mā, where the pitch contour of high-level tone is clearly marked above the vowel (i.e., the tone marker).
Given the four different tones in Mandarin Chinese, the same segmental syllable can represent four different meanings, depending on the tone it carries (Li and Thompson, 1989). For example, for the same segment ma, mā with the high-level tone means “mother,” má with the high-rising tone means “hemp,” mǎ with the low-dipping tone means “horse,” and mà with the high-falling tone means “scold”. Therefore, in learning Chinese, it is important to associate the segmental syllable with the correct lexical tone in order to have access to the correct lexical item. The use of Pinyin symbols could help with this association between segmental syllable and lexical tone.
Although both segmental and tonal information play an important role in lexical access, readers can process and activate these two components separately (Spinks et al., 2000). Tone seems to be represented more poorly, and plays a secondary role in lexical processing as compared to segmental information, as demonstrated in previous research on visual Chinese character recognition among skilled native adult readers, using both online and off-line experiments (e.g., Taft and Chen, 1992; Chen et al., 2002; Malins and Joanisse, 2010; Li et al., 2013; Sereno and Lee, 2015; Wang et al., 2015). For example, Sereno and Lee (2015) used an online auditory lexical decision task among native Mandarin-speaking adults and their results supported for the separate roles of tone and segmental information in Chinese word processing. Significant priming effects were shown when both tonal and segmental information or only segmental information overlapped, but no priming effects when only tones matched. Consistently, Chen et al. (2002) found priming effects for syllable-alone prime (i.e., tone differed) but no priming effects for tone-alone prime (i.e., syllables differed) using an implicit priming paradigm among native adult Mandarin speakers. However, there is some evidence that segmental and tonal information may also be processed as an integral unit among native speakers in a task such as primed word naming (Wang et al., 2015) or auditory word eye-tracking (Malins and Joanisse, 2010).
Compared to native readers, tone is even more poorly represented than segmental syllable among Chinese L2 learners. In spoken language, it is more difficult for non-native Chinese speakers who have an atonal native language to process tonal information in auditory Chinese word recognition than native Chinese speakers (Gottfried and Suiter, 1997). A similar L2 disadvantage has been demonstrated in visual Chinese word recognition (Li et al., 2018). In the work by Li et al. (2018), native Chinese readers and Chinese L2 learners were instructed to complete a homophone judgment task. Both groups performed worse when two visual Chinese characters shared the same segmental syllable but different tonal information (i.e., S + T-) than other three conditions (e.g., homophones S + T+, different segments with the same tone S-T+, and different segments with the different tone, S-T-), as indicated in both analyses of accuracy rates and reaction time. There was clearly a disadvantage in tonal processing; however, this disadvantage was much greater among L2 learners compared to the native peers. Note that this disadvantage could be largely reduced by presenting one of the two characters in Pinyin for Chinese L2 learners.
Previous research suggests that 2 weeks of tone training helped Chinese L2 learners better perceive tonal information as indicated by an average 21% improvement in identification accuracy, and the training effect lasted for at least 6 months (Wang et al., 1999). The effect of training on tone perception has also been supported at the neural level: it may lead to a cortical modification in the area of the left-hemisphere among Chinese L2 learners (Van Lancker and Fromkin, 1973; Wang et al., 2001; Wang Y. et al., 2003). Note that the aforementioned studies trained participants auditorily using real Chinese spoken words with different tones, and did not use Pinyin in their tonal training. Later training studies have shown that the presence of Pinyin facilitates Chinese L2 learners’ tone perception and processing, especially when the explicit tone markers are provided (e.g., Liu et al., 2011; Showalter and Hayes-Harb, 2013). These studies also compared Chinese L2 learners’ tone learning outcomes under the training conditions with and without visually presenting tone markers, and found the facilitation of visually presenting tone markers on tone learning. For instance, Showalter and Hayes-Harb (2013) trained their participants to map eight Chinese nonwords onto Pinyin either with or without tone marks and pictures illustrating meanings; they found that the presence of tone marks helped participants associate tone with the new words (ηp2 = 0.18). Thus, the effectiveness of providing tone markers together with Pinyin segment symbols (i.e., Whole-Syllable-Based Training) has some support from prior research. Building on this previous work, Pinyin symbols were presented with tone markers consistently across trials in our study to support participants’ learning.
Furthermore, prior work suggests that directing L2 learners’ attention to tone markers support their improvement on tone perception (e.g., Liu et al., 2011; Godfroid et al., 2017). In addition to the previous findings that skilled native readers activate and process the two elements separately, we hypothesize that L2 learners may benefit from the separation of these two elements across a staggered training period. In the present study, we extended previous work to explicitly emphasize the separation between these two components—segments and tones—in the Segmental Training method. We then compared the two different training methods on phonological and word learning. Note that we also extended previous research beyond phonological perception to word learning and acquisition, and we were interested in both accuracy and processing speed. It was anticipated that the Segmental Training method would yield better outcomes, given that it was designed to scaffold learners’ segment and tone engagement.
In addition to the role of Pinyin in Chinese L2 learning, previous research has shown that high musical ability has a positive effect on L2 learning in general. There is a close relationship between musical ability and L2 perception and production skills (e.g., Milovanov et al., 2008; Milovanov et al., 2010; Marie et al., 2011). For example, French adult musicians detected segmental variations in unknown Mandarin words more accurately than non-musicians (Marie et al., 2011). Similarly, Finnish native speakers with higher musical ability, including both children and college students, read aloud English words containing difficult phonemes more accurately compared to those with low musical ability (Milovanov et al., 2008; Milovanov et al., 2010). Musicians, therefore, appear to be more sensitive to variations in phonetic attributions in the process of building precise phonological representations associated with a novel language (Dittinger et al., 2016).
Research has also shown that high musical ability is associated with good perception and production of L2 lexical tones (Wong and Perrachione, 2007; Cooper and Wang, 2012; Li and DeKeyser, 2017). For instance, among adults who speak an atonal language, the successful learning of pitch patterns to identify artificial tone words (English pseudowords with pitch patterns resembling Mandarin tones) was linked to the learners’ ability to discriminate musical pitch in a non-linguistic context (Wong and Perrachione, 2007). Li and DeKeyser (2017) showed that native English speakers with better musical ability achieved higher accuracy in tone word perception and production in Chinese. In the present study, we took musical ability into consideration when testing the effectiveness of the two different language-training methods and included participants’ musical abilities as a covariate in the final analyses. Our goal was to control for participants’ musical abilities to enable us to examine the unique contribution of the Segmental Training method, in the meantime, we can address the effect of musical ability on phonological and word learning.
In our experiment, both Segmental Training and Whole-Syllable-Based Training groups were introduced to the Chinese phonological and Pinyin systems prior to the first training session. During the training session, participants learned through 16 Pinyin words with four tones. Immediately after the training sessions, both groups had exercise sessions to help strengthen what they had learned during the training sessions. The learning outcome was measured via a phonological judgment task, a tone identification task, and a word comprehension task.
It was hypothesized that the Segmental Training Group might yield a better learning outcome compared to the Whole-Syllable-Based Training Group, specifically in their use of segment and tone separately as cues for word pronunciation (e.g., Spinks et al., 2000). Consequently, learners’ perception and processing of phonological information, especially at the tonal level, would be enhanced. Alternatively, it is possible that the two groups’ segmental and tonal processing would be improved equally after the training using Pinyin, regardless of whether they utilized a segmental or whole-syllable-based approach. Learners may be able to rely on segment and tone as an integrated unit (e.g., Wang et al., 2015) and thus no further benefit from the explicit emphasis on the separation. Moreover, the exercises immediately after the training session were also thought to help enhance the mental representation of phonological units in a similar fashion. Specifically, as for the phonological judgment task, since previous work suggests that L2 learners of Chinese have particular difficulties in processing Chinese characters that share the same segmental syllable but different tonal information (S + T-) (Li et al., 2018) than the other three conditions (i.e., S + T+, S-T+, S-T-), we expected that our participants in both groups who were novel to Chinese might perform relatively poorly on S + T-condition even after the training. Based on evidence from previous research on the role of musical ability in L2 learning, it was hypothesized that musical ability would be a significant covariate, and there should be a general facilitative effect of musical ability in participants’ phonological training and word learning.
METHODS
Participants
Prior to the study, ethical approval was granted by the Institutional Review Board at the University of Maryland, College Park. Participant consent was obtained from each participant before the experiment. Forty-two native English speakers without speech and hearing impairments were recruited, and all were paid for their participation. Participants had to meet each of the following requirements: 1) never been exposed to the Chinese language; 2) not bilingual; 3) no prior knowledge of a tonal language; 4) no more than 2 years of individual instruction of musical instruments and 5) be between 18 and 45 years old.
A background questionnaire was developed to collect information about participants’ language and music experiences. The 42 participants (31 females) were students at a mid-Atlantic University (41 undergraduates; 1 graduate), aged 18–40 (M = 20.70, SD = 3.49). None spoke another language other than English: 21 participants reported no exposure to a second language, and 21 reported some experience of learning a foreign language (e.g., Spanish, French) in a classroom setting, but none reported fluency in it. None had any prior knowledge of Mandarin or any other tonal languages (e.g., Cantonese, Thai, or Vietnamese, etc.). With regard to the musical experience, 31 participants had not had any formal musical training in any instrument, and 11 reported having limited musical training experiences, having taken private lessons in an instrument for less than 2 years. All participants thus could be considered as non-musicians, following Wong and Perrachione (2007) definition.
The participants were randomly assigned to either the Segmental Training or Whole- Syllable-Based Training group. The two groups were comparable in terms of age (Whole- Syllable-Based Training Group, M = 21.62, SD = 4.39; Segmental Training Group, M = 19.81, SD = 1.99, t (40) = 1.72, p > 0.05) and gender (18 females in the Whole-Syllable-based Training Group; 13 females in the Segmental Training Group). As for previous experience in studying foreign languages, nine in the Whole-Syllable-Based Training Group and 12 in the Segmental Training Group reported no exposure to a second language. Among those who had experiences learning a foreign language in a classroom setting (12 in the Whole-Syllable-Based Training Group and nine in the Segmental Training Group), the average age of starting to learn a foreign language was comparable between the two groups (11.75 years in the Whole-Syllable-Based Training Group and 10.78 years in the Segmental Training Group).
Design
All participants were introduced to the standard Mandarin phonology and Pinyin system first, and they learned 16 vocabulary items used for training sessions via Pinyin syllable and picture association on Day 1. Both groups went through a training and then an exercise session on Day 2, Day 3, and Day 4. In the training and exercise sessions, participants learned to map the learned vocabulary to the correct pronunciation. For the Segmental Training Group, the critical manipulation was that they were trained to separate the segmental and tonal information in the vocabulary word via visual cues, in order to enhance their fine-grained metalinguistic awareness of phonological units. On the contrary, the Whole-Syllable-Based Training Group received training and exercise on a whole-word based phonological learning. Musical abilities were assessed for all participants.
Training Materials and Measures
Target Words
The target words were 16 monosyllabic Chinese words, which are comprised of four monosyllables (ma, tu, bao, and han) with four Mandarin tones (high-level, high-rising, low-dipping, and high-falling). These segmental syllables are representative of the existing Mandarin syllable structures (CV, CVV, and CVC), forming real Mandarin words with all four tones. In addition, the 16 words are easy to illustrate pictorially. See Supplementary Appendix C for a full list of the syllable words with the written Pinyin spelling, English translation, and a picture for each word.
Pre-Training Test
We designed a Same-Different Phonological Judgment task to measure participants’ ability to make a phonological judgment in Mandarin before training. In this task, participants were asked to judge whether the pair of spoken stimuli they heard via headphones sounded the same as accurately and fast as possible. There were four conditions with 15 pairs of items in each. The pairs either shared: 1) the same segmental syllable and tone (S + T+, e.g., hàn and hàn), 2) the same segment but different tone (S + T-, e.g., hān and hán), 3) the same tone but different segments (S-T+, e.g., mā and tū), and 4) different segments and tone (S-T-, e.g., báo and hǎn). In addition, 30 filler items sharing the same segment and tone were added to balance the “same” (S + T+) and “different” (all other conditions) answers. Those fillers included five monosyllables (ba, hu, mao, tan, and hao) with four tones, and the following ten additional syllables: tā, tǎ, tà, bān, bǎn, bàn, mú, mǔ, mù, and mǎn. Note that different tokens were used in each condition. All pairs of items were randomly presented to the participants without blocking in conditions. The participants were asked to press the right SHIFT key for the “same” response, and left SHIFT key for the “different” response. Two practice trials were given before the formal testing.
Explicit Phonology and Pinyin Instruction
An explicit instruction sheet was developed to provide participants with an introduction to standard Mandarin phonology and Pinyin system. The participants were introduced to the Mandarin syllable structure, including the segment (sequence of consonants and vowels) and tone. The participants were instructed that the tones differentiate word meaning in Chinese. Alphabetic Pinyin symbols were also introduced to the participants. All the four tone patterns were presented visually to introduce the pitch contour (see Supplementary Appendix D), and four concrete examples were provided to demonstrate how changing the tone would influence the meaning (e.g., mi can have four different meanings depending on the tone, mī (nap), mí (lost), mǐ (rice), mì (secret)). In addition, the instruction explained that the consonants and vowels in the syllable word are referred to as segmental syllable. Segmental syllable and tone together form a complete pronunciation of a Chinese syllable. The instruction was printed on paper and also audio-recorded by a female native Mandarin speaker.
Musical Ability Test
We used the Pitch Change Test, a subtest from the Wing Measures of Musical Talents (WMMT) (Wing, 1968), to estimate participants’ musical ability broadly. This task measures the individual differences in pitch perception in a nonlinguistic context and to examine its potential relationship with the ability to learn Chinese words. For each item in the test, participants heard two musical chords and were asked to judge whether they sounded the same; if they sounded differently, participants were asked to judge whether the altered note moved up or down. There were 30 items in total. Three practice trials were provided before formal testing. Cronbach’s alpha was calculated for the internal consistency of this test, and it reached 0.81.
Post-Training Tests
A set of three tests was administered to all participants immediately after the last training session to assess the learning outcomes.
Same-Different Phonological Judgment Task
This task was the same as the pre-training same-different phonological judgment task except that 48 new items (using segmental syllables de, di, fang, kai, ke, ni with four tones) were added. The new items were used to test the generalization of the training effects. For those newly added items, there were eight items (pairs) in each of the four experimental conditions and 16 fillers to balance yes and no answers.
Tone Identification Task
This task was designed to test the participants’ ability to identify tones. In this test, participants heard a word for each item and were asked to identify its tone by selecting the Pinyin with the correct tone mark from a choice of four options that constituted the minimal tonal quadruplet. In addition to the 16 learned words, 16 new Chinese words were tested, including four new syllables (wei, pi, hong, fu), each with four tones. Four highlighted buttons on the keyboard (F, J, C, and M) served as the response buttons and corresponded to the positions of the Pinyin spellings on the screen. The four Pinyin spellings only differed in tone. The participants were instructed to press the button that indicates the position of the Pinyin of their choice as quickly and accurately as they can, although they were given 30 s to respond for each item. The learned and new words were presented in two separate blocks with a break given in between. To familiarize them with the task format, participants were given eight practice items using English words at the beginning of the test.
Word Comprehension Task
This post-test was designed to test participants’ ability to comprehend the meaning of the 16 words they learned in the present study. In this test, participants heard one word at a time and were shown four pictures for words that constitute the minimal tonal quadruplet. They were asked to identify the meaning of the word they heard by choosing the correct picture via pressing the button that indicates the position of the picture of their choice. Though given 30 s to respond for each item, they were asked to respond as quickly and accurately as possible. Eight practice items using English examples were given before formal testing.
Procedure
Each subject participated in four sessions—each about an hour in length—on four separate, consecutive days within 1 week. Table 1 presents the training schedule.
TABLE 1 | The training schedule for both groups.
[image: Table 1]Day 1
All participants were first informed about the study and asked to fill out the participant background questionnaire (e.g., demographic information, language, and music experiences). Immediately after, the pre-training Same-Different Phonological Judgment Task was conducted. Participants then started the explicit phonology and the Pinyin instruction phase. The participants listened to the audio instruction on a computer, using headphones, while reading the printed instruction sheet.
After the explicit instruction, participants moved on to the Vocabulary Learning phase, in which they learned the 16 target words via PowerPoint slides on the computer screen. Before they started, each participant was told that their task was to learn the meaning of 16 Chinese words and focus on remembering the mapping between the Pinyin symbols and the pictures. They were also informed that they would be tested on the mapping from Pinyin symbols to pictures and vice versa. Participants were then presented with the target word in Pinyin (e.g., mā) along with a picture to illustrate its meaning and its English translation, one at a time, on the slide. Each word remained on the screen for 5 seconds. The computer screen then moved on to the next word on the same slide automatically. The four vocabulary words occupied the four corners of the screen. The previous words stayed on the screen when presenting the next word on the same slide. This was to emphasize the similarities and differences between the four target words at the same time and to draw participants’ attention to one syllable word at a time. Each slide showed the four words with the same segments, but different tones in the order of high-level, high-rising, low-dipping, and high-falling tones. Each word was repeated six times, which resulted in six rounds of these four slides in total. The first three rounds were repetitions of the four slides (participants thus saw the same stimuli three times). In the fourth round, each slide presented the four words with the same segmental syllables but in randomized tone order. The final two rounds involved randomized words across segments and tones (all 16 words were thus randomized, regardless of their segments or tones).
Immediately after the vocabulary study phase, participants entered the Vocabulary Testing phase, during which they were tested in both directions from Pinyin to pictures and from pictures to Pinyin until they reached the criterion performance (i.e., less than two errors for the 16 words in the last round of repetition) in both directions. More specifically, they were tested first from Pinyin to pictures. After they reached the criterion or up to five rounds in this direction, they were tested in the other direction from pictures to Pinyin, until they reached criterion or up to five rounds. When testing from Pinyin to pictures, the experimenter presented each word in Pinyin on the PowerPoint slide, one at a time, along with all 16 pictures, and the participants were asked to identify its meaning by selecting the correct picture for the word. When testing from pictures to Pinyin, the experimenter presented one picture at a time on the PowerPoint slide, along with all 16 words in Pinyin, and the participants were asked to identify the correct Pinyin for the picture. In both tasks, the experimenter provided feedback each time after the participant made a choice by indicating the correct answer with a red circle.
Day 2
All participants first took a Vocabulary Review Test of the 16 words they learned on Day 1. They were tested until they made less than two errors or up to five rounds in both directions (picture to Pinyin; Pinyin to picture). They were then randomly assigned to either the Segmental or Whole-Syllable-Based training group. In both conditions, each training session consisted of two phases, a training phase containing five rounds and then an exercise phase with four rounds.
Segmental Training Group
The participants were trained to strengthen their awareness of tonal and segmental information. In the Training phase, for each presentation of a word, they heard the pronunciations of the word together with the visual presentation of its picture and Pinyin on the screen and were asked to learn to associate the pronunciations with the Pinyin and the picture. The 16 words were presented in five rounds. The first two rounds involved the four words with the same segments but different tones in the order of high-level, high-rising, low-dipping, and high-falling tones on each of the four slides. The third and fourth rounds involved the four words with the same tone (in the order of high-level, high-rising, low-dipping, and high-falling tones) but different segments on each slide. The fifth round involved syllables with different segments and tones on each slide. The segments of Pinyin syllables were presented in blue, and the tones in red.
In addition, an animation technique in PowerPoint was used: when each word was presented with its pronunciation, the tone mark independently moved apart from the segments. These experimental treatments were designed to highlight the difference between segments and tones visually, to encourage learners to treat them as different parts of the syllable pronunciation in order to enhance their metalinguistic awareness of the different phonological units. Furthermore, participants were asked to pay close attention to the tone of the words (shown in red) in the first two rounds, and then to the segmental syllable of the words (shown in blue) in the third and fourth rounds. In the fifth round, participants were asked to pay attention to the pronunciation of the whole word.
Immediately after the training phase that aimed to strengthen their segmental and tonal awareness, the participants moved on to the Exercise phase, in which they were required to complete a segment and tone judgment task. This exercise phase was designed to provide the learners with an opportunity to practice what they learned in the training phase—namely, to tease apart the segmental and tonal information in a spoken word. There were four rounds; each round consisted of 16 items, 64 items in total. Specifically, for each item, participants first heard a target word twice and saw the corresponding picture illustrating the meaning of the word on the screen. They then heard each of three choice words once along with their written Pinyin syllables. The participants were asked to select the item from three options that shared the same segment (in the first two rounds) or the same tone (in the third and fourth rounds) with the target word. Feedback was given each time after the participants made a choice, by indicating the correct answer with a red circle on the screen.
Whole-Syllable-Based Training Group
The participants were trained to associate pronunciations with Pinyin symbols and pictures as a whole without color-coding or animation of the segmental and tonal components of the Pinyin for each word. For the Training phase, the same five rounds of 16 words were used as in the Segmental Training Group, with the same length of training time. However, participants were asked to pay attention to the pronunciation as a whole across all five rounds rather than highlighting the separation of the segment and tone mark in Pinyin (i.e., there was no animation available, and segments and tones were presented in the same black color).
Following the training phase, the participants moved on to the Exercise phase, in which they were tested in a similar manner to the judgment task used in the Segmental Training Group. The only difference was that the participants were asked to select the item from the three options that sounded most similar to the word heard instead of explicitly judging whether they shared the same segment or tone. For example, for the item hǎn, the three options were bāo, hàn, and tù. In this case, hàn was the most similar choice since it shared the same segment of hǎn, whereas the other two options shared neither the segment nor the tone. For another item tǔ, among the three alternatives—bào, mǎ, and hān—mǎ shared the same tone of tǔ, and thus it was the most similar choice. In each of the four rounds with 16 items each round, the correct answer of half of the items shared the same segments, and that of the remaining half shared the same tone. Feedback was given in the same manner as in the Segmental Training Group.
Day 3
All participants first took a Vocabulary Review Test of the 16 target words in both directions, just as they did on Day 2. The training session (including both the training and exercise phases) was repeated, both in the Segmental and in the Whole-Syllable-Based conditions. After the training session, all participants took the formal musical ability test.
Day 4
All participants repeated the training session and then completed the set of three post-training tests. The post-training tests were computer-administered using DMDX software (Forster and Forster, 2003). Both accuracy and response time were recorded. The post-training Same-Different Phonological Judgment task was administrated first, which was then followed by the Tone Identification task and the Word Comprehension task. The order of the Tone Identification and Word Comprehension tasks was counterbalanced across participants.
RESULTS
Musical Ability
The percentage accuracy rate was calculated for each group (Whole-Syllable-Based: M = 0.67, SD = 0.19; Segmental: M = 0.62, SD = 0.15). No significant difference was shown between the two groups (t (40) = 1.00, p = 0.32). The Whole-Syllable-Based Training Group had a slightly higher musical ability than the Segmental Training Group. As four participants did not complete the final outcome test of phonological judgment1, after excluding those four, the Whole-Syllable-Based Training Group again had slightly higher accuracy than the Segmental Training Group; however, the difference was still not statistically significant, t 36) = 1.11, p = 0.28.
Phonological Judgment
All analyses were carried out in R, an open-source programming environment for statistical computing (R Core Team, 2013), with the lme4 package (Bates et al., 2015) for linear mixed-effects modeling (i.e., Response Time (RT) analyses) and logistic regression modeling (i.e., error rates analyses), both with the “bobyqa” optimizer. RTs of incorrect responses were excluded. In each condition (i.e., S + T+, S + T-, S-T+, and S-T-), we compared participants’ performance in the pre-training vs. post-training on original items, as well as that in post-training on original items and new items separately. For the linear mixed-effects models for both comparisons, contrast-coded fixed effects included group (Whole-Syllable-Based vs. Segmental were coded as −0.5 vs. 0.5), centered musical ability (participants’ own musical ability score minus the mean), training effect (pre-training vs. post-training as −0.5 vs. 0.5), and all the two- and three-way interactions among these factors. Participants and items were entered as two random intercepts with related random slopes (i.e., item type for the subject; group, musical ability, and their two-way interaction as the slopes for the item). The same fixed effects and random intercepts were included in the logistic regression for error rate analyses, in which correct and incorrect trials were coded as 0 vs. 1, respectively. The significance of each fixed effect was assessed via likelihood ratio tests (Barr et al., 2013).
Comparison Between Pre- and Post-training on the Original Test Items
For the original items, out of all the four conditions (see Tables 2, 3 for basic statistics on all the four conditions, and Supplementary Appendix E,F for figure illustrations), we focused on the S + T-2. Previous research has shown that this condition poses a particular challenge to Chinese as L2 learners (Wang M. et al., 2003; Li et al., 2018). For error rates in the S + T-condition, participants overall made significantly fewer errors in the post-training than in the pre-training test (M = 2.6 vs. 14.0%; β = -1.24, SE β = 0.61, χ2 = 4.42, p = 0.04). No significant effects were shown for any other main effects or interactions (ps > 0.10). For RTs, participants were overall faster in the post-training than in the pre-training test (M = 1,040 ms vs. 1,386 ms; β = -352.45, SE β = 49.68, χ2 = 34.64, p < 0.001). In addition, participants with higher musical ability, in general, responded faster than those with the lower musical ability (β = -561.79, SE β = 279.50, χ2 = 4.23, p = 0.04). All other fixed effects (i.e., group and all the two-way and three-way interactions) failed to show significant results (ps > 0.10).
TABLE 2 | Error Rates (SDs in parentheses) on All Conditions and Item Types in the Same-Different Phonological Judgment Task in Both Segmental and Whole-Syllable-Based Training Groups.
[image: Table 2]TABLE 3 | RTs (SDs in parentheses) on All Conditions and Item Types in the Same-Different Phonological Judgment Task in Both Segmental and Whole-Syllable-Based Training Groups.
[image: Table 3]For all the other three conditions, the analyses of error rates were not no further model analysis was conducted for error rates due to the overall low rate of errors, thus floor effects occurred (ranged from 0.00–0.03; see Table 2 for details). Consistent with the results on the S + T-items, the analyses of RTs of all the three conditions consistently showed a significant main effect of musical ability (higher musical ability led to faster RTs) and training effect (faster RTs in the post-training test) (ps < 0.03), while all other effects (i.e., group and all the two-way and three-way interactions) were not significant (ps > 0.10).
Comparison Between Original and New Test Items on Post-test
Comparing the original items and new items in post-test only, for S + T-condition3, participants overall participants overall made significantly fewer errors with the original than new items (M = 2.6 vs. 15.5%; β = −2.60, SE β = 2.12, χ2 = 4.27, p = 0.039). No significant effects were shown for any other main effects or interactions (ps > 0.10). For RTs, the only significant effect was that: participants with higher musical ability in general responded faster than those with lower musical ability (M = 2.6 vs. 15.5%; β = −560.31, SE β = 260.67, χ2 = 5.97, p = 0.01). All other fixed effects (i.e., group, item type, and all the two-way and three-way interactions) failed to show significant results (ps > 0.10).
For all the three other conditions, again, the analyses of error rates were not further conducted due to the floor effects (ranged from 0.00–0.03; see Table 2 for details). Similar to the results on S + T-items, for RTs, participants with higher musical abilities showed significantly faster RTs than those with lower abilities when responding to S+T+ items (ps < 0.05). All other fixed effects (i.e., group, item type, and all the two-way and three-way interactions) failed to show significant results (ps > 0.10).
Vocabulary Learning During Testing and Review
Table 4 shows the mean accuracy rate in the Vocabulary Testing (Day 1) and Review (Days 2 and 3) phase, including the overall accuracy for all rounds on each day and the accuracy rate for the last round on each day. A simple linear regression with Musical Ability, Group (Segmental vs. Whole-Syllable-Based) and Day (1, 2 vs. 3) being factors was conducted in R with the nlme package (Pinheiro et al., 2017) for both the overall accuracy and the accuracy in the last round of Pinyin-Picture and Picture-Pinyin identification tasks.
TABLE 4 | The accuracy rate of vocabulary testing and review in both segmental and whole-syllable-based training groups.
[image: Table 4]Overall Accuracy
For the Pinyin-Picture task, the results showed a significant main effect of Day, F (2, 74) = 30.32, p < 0.001. Participants’ performance increased significantly from Day 1 to Day 2, Day 1 to Day 3, Day 2 to Day 3, ps < 0.05. However, the main effect of Musical Ability and Group were both non-significant, F (1, 40) = 2.47, p = 0.12, and F (1, 74) = 0.98, p = 0.33. None of the two- or three-way interactions was significant, all ps > 0.10. Likewise, for the Picture-Pinyin task, there was a significant main effect of Day, F (2, 74) = 21.01, p < 0.001, and the participant’s performance increased significantly from Day 1 to Day 3, p < 0.05. However, the main effects of Musical Ability and Group were non-significant, both ps > 0.09. The two- or three-way interactions were all non-significant, all ps > 0.40.
Accuracy in the Last Round
For the Pinyin-Picture task, results showed a significant main effect of Day, F (2, 74) = 11.11, p < 0.001, and the participants’ performance improved significantly from Day 1 to Day 2, Day 1 to Day 3, Day 2 to Day 3, ps < 0.05. Neither the main effect of Musical Ability nor Group was significant, F (1, 40) = 3.09, p = 0.09, and F (1, 74) = 0.70, p = 0.40. The Group [image: image] Day, Group [image: image] Musical Ability, or Group [image: image] Day [image: image] Musical Ability interactions were not significant, all ps > 0.6. There was a significant interaction between Day and Musical Ability, F (2, 74) = 3.29, p = 0.04. Participants with higher musical ability showed a trend of higher accuracy than those with lower musical ability in Day 1, p = 0.06, but not in Days 2 or 3, ps > 0.10.
For the Picture-Pinyin task, there was a significant main effect of Day, F (2, 74) = 13.51, p < 0.001, and the participant’s performance increased significantly from Day 1 to Day 3, p < 0.05. No significant effect was shown for Group, F (1, 74) = 2.60, p = 0.11, nor Musical Ability, F (1, 40) = 3.71, p = 0.06. The two- and three-way interactions were all non-significant, all ps > 0.30.
We also listed in Supplementary Appendix G the number of rounds it took the participants to reach the criterion and the number of participants who did not reach criterion (0.88 accuracy) by the end of the last round in vocabulary testing in Days 1, 2, and 3.
Exercises Across Training Sessions
Segmental Training Group
Table 5 presents the mean accuracy rates in the exercises across training sessions (Session 1 on Day 2, Session 2 on Day 3, Session 3 on Day 4), including the accuracy for each of the four rounds in each session. A simple linear regression with Musical Ability, Session (1, 2 vs. 3), and Judgment Type (1 and 2: segment judgment vs. 3and4: tone judgment) as independent variables was conducted. The main effect of Session was significant, F (2, 93) = 5.86, p < 0.01, participants’ performance improved significantly from Session 1 to Session 3, p < 0.01. There was a marginally significant improvement from Session 2 to Session 3, p = 0.09, but not from Session 1 to Session 2, p = 0.18. No significant main effect was found for Judgment Type or Musical Ability, both ps > 0.20. None of the two- or three-way interactions was significant (ps > 0.10).
TABLE 5 | The accuracy rates in the exercises across training sessions in both segmental and whole-syllable-based training groups.
[image: Table 5]Whole-Syllable-Based Training Group
A simple linear regression with Musical Ability, Session (1, 2 vs. 3) and Round (1, 2, 3 vs. 4) as three independent variables revealed that there was no significant main effect for Session and Round, (ps > 0.60). The effect of Musical Ability was significant, F (1, 19) = 9.39, p = . 01. The interaction was significant between Session and Round, F (6, 209) = 2.94, p = 0.01. Only in first session participants showed difference across the Rounds, F (3, 80) = 3.32, p < 0.05, but not in the second or third sessions (ps> 0.49), respectively. Specifically, in Session 1, participants’ performance on Rounds 3 and 4 were both significantly better than Round 1, p = 0.03, p = 0.02, respectively, but no significant difference between Rounds 1 and 2, 2 and 3, 2 and 4 or 3 and 4, all ps > 0.10. The three-way interaction was significant, F (6, 209) = 2.79, p = 0.01. However, the interactions between Session and Musical Ability and between Judgment Type and Musical Ability were not significant, both ps > 0.20.
Tone Identification and Word Comprehension
We compared the participants’ performance in the Segmental vs. Whole-Syllable-Based Training Groups for both error rates (logistic regression models) and RTs (linear mixed-effects models) on the two post-training tests: Tone Identification and Word Comprehension (See Table 6 and Figures 1, 2 for the results). For both analyses, contrast-coded fixed effects included Group (Whole-Syllable-Based vs. Segmental), Musical Ability, and the interactions of these factors. Participants and items were entered as two random intercepts with related random slopes (i.e., Musical Ability, Group, and their two-way interaction as the slopes for the item).
TABLE 6 | The Mean Accuracy Rates and RTs (SDs in parentheses) in the Tone Identification and Word Comprehension Tasks in Both Segmental and Whole-Syllable-Based Training Groups.
[image: Table 6][image: Figure 1]FIGURE 1 | The error rates of tone identification and word comprehension tasks.
[image: Figure 2]FIGURE 2 | The reaction times of tone identification and word comprehension tasks.
For the Tone Identification task, there was a significant main effect of Musical Ability in error rates (higher musical ability led to lower error rates; β = -2.51, SE β = 0.95, χ2 = 6.70, p = 0.01), and a marginally significant main effect of Musical Ability in RTs (higher musical ability tended to yield lower RTs; β = −1,039.64, SE β = 611.39, χ2 = 3.05, p = 0.08). None of the other fixed effects showed significant results (ps > 0.24). We also compared the original and new items in this task. There was no significant difference, and the interactions between the item type and other factors were not significant (ps > 0.20).
For the Word Comprehension task, the only significant result was the main effect of Musical Ability in RTs (higher musical ability led to lower RTs; β = -2095.80, SE β = 1,084.32, χ2 = 3.90, p < 0.05). For both error rates and RTs, none of the other fixed effects showed significant results (ps > 0.20).
Finally, since no significant group effect was observed on phonological judgment, tone identification, and word comprehension tasks, the Bayes Factor was calculated to address whether an effect is substantial or not. The JZS Bayes Factor (BF10) is the ratio of the Bayesian probability of the alternative hypothesis and the null hypothesis occurring, and the odds equal or smaller than one third can be considered substantial evidence in favor of the null hypothesis (Rouder et al., 2009). In the three tasks, all the BF 10 values were below or close to 1/3, providing support for the null group effects (details see Tables 2, 3, and 6).
DISCUSSION
In the present study, the ways in which we can improve phonological and word learning in a novel language were investigated. A training method that focused on enhancing learners’ metalinguistic awareness of segmental and tonal information was compared to an integrated syllable approach. The role of musical ability in learning a new language was also taken into consideration, as a covariate in the final analyses, based on previous research having established its role in language performance. The present findings replicated those of previous studies that have established that short-term training can indeed facilitate L2 learners’ acquisition of Chinese phonology and extended this finding to word learning. In our study, with as few as 2 hours of training across 3 days, both groups showed significant improvement in phonological judgment as well as spoken word recognition (error rates <26% in both spoken tone identification and word comprehension tasks for both groups in the post-test). Moreover, participants also improved their scores in the vocabulary review and test performance across the training days.
As expected, the processing of tonal information poses a particular challenge for Chinese L2 learners. In the same-different phonological judgment task, a significant improvement in both accuracy and speed was seen on the original items comparing pre- and post-test results. However, the accuracy rate of new items was significantly lower than that of original items in the post-tests, suggesting low generalizability of tone skill. These results suggest that the training effects limited to the original items. As a matter of fact, the accuracy rate of new items was similar to that of the original items in pre-tests (see Supplementary Appendix F), when participants had not received any training, despite the fact that the participants achieved a faster response time for these new items in the post-test compared to the original items in the pre-test probably due to their becoming familiar with the segmental and tonal information in the novel language.
The two groups did not show a significant difference in any of the post-training tests (i.e., phonological judgment, tone identification, and word comprehension), suggesting that the two training methods are equally effective for learning Chinese phonology. One exception is that the learners in the Segmental Training Group showed significant improvement across the exercise sessions during the training days, whereas the Whole-Syllable-Based Training Group did not show such improvement. Lastly, learners with higher musical ability, in general, had better performance in all three post-training tests, supporting the role of musical ability for phonological and word learning, replicating previous work, which has provided some insight into the role of musical ability in language learning.
The Benefit of Pinyin in Phonological Training
The two groups of participants’ segmental and tonal processing were improved equally after both training types in the present study. Being trained to process segmental and tonal information separately did not yield more benefits, as was originally hypothesized. It is unlikely a floor or ceiling effect, as both groups did show significant improvement in tone perception in the homophone judgment task (i.e., lower error rates and faster reaction times in the different-tone homophone condition, at least for original items). However, there is clearly still room for improvement (i.e., they still had the lowest accuracy rate and slowest reaction times in the different-tone homophone condition than in the other conditions). We speculate that the explicit phonology and Pinyin instruction at the beginning of the training program might have been effective. The learners might have successfully acquired concrete knowledge about the four tones and their associated visual pitch contours early in training. Later, when the participants learned vocabulary words, they might be able to rely on segment and tone as an integrated unit (e.g., Wang et al., 2015) instead of using them as separate cues (e.g., Spinks et al., 2000). Therefore, no further benefit from the explicit emphasis on the separation. Furthermore, the exercise sessions during the training days might have contributed to the enhanced phonological representation across the two groups in a similar way. As a result, the presence of Pinyin throughout the entire program might have been sufficient for assisting the participants in processing segmental and tonal information for all participants.
Even with the support from Pinyin, Chinese L2 learners did not show significant improvement in accurately judging different-tone homophone spoken word pairs for the new items in the post-test of the phonological judgment task. Their accuracy rates were significantly lower than that of the original items which they had heard in the pre-test. Nevertheless, the participants did demonstrate improvement in their reaction times on the new items compared to the original ones included in the pre-test. In addition, the learners performed on the new items as accurately and rapidly as the original ones in the post-test of the tone identification task. It is likely that the learners might have established a deep understanding of the tonal variation in Chinese after the training. Therefore, they were able to generalize it to the new items when matching the auditory information to the written Pinyin. Taken together, these findings seem to suggest that although it is difficult for Chinese L2 learners to fully generalize the tone perception to new materials (as shown in the difference between original vs. new items in the homophone judgment task), with Pinyin symbols, they were able to identify the tonal information in new spoken words as accurately and as rapidly as those trained items.
Musical Ability Contributes to Phonological and Word Learning
Participants’ musical ability, more specifically, pitch perception ability, was included in the current study as a covariate. As hypothesized, a clear effect of musical ability was shown in phonological and word learning of a novel language. The effect of musical ability was significant in the reaction time in the different-tone homophone condition in the post-test of the phonological judgment task for both the original and the new items. The effect of musical ability was also shown in the accuracy rates for the post-test of the tone identification task and in the reaction time for the word comprehension task. These results provide converging evidence that musical ability contributes to learning a novel language. Li and DeKeyser (2017) showed that musical ability was highly correlated to the accuracy not only in tone word perception but also in production. It is possible that musical ability is linked to language learning in general, but maybe particularly related to learning a tonal language. In the present study, our learners have clearly benefitted from their musical ability in perceiving and processing the pitch variations and contours embedded in the Chinese tonal system. Finally, since musical ability is a significant covariate and the two training methods are equally effective in the current study, it is not surprising that musical ability contributes to the learning in a similar fashion across the two groups.
Limitations and Future Directions
The current findings need to be processed with some caution. One limitation of the present study is the limited number of items included in the training modules, given that one initial aim was to maintain a relatively brief and simple training schedule. We only trained the novel language learners on four basic segmental syllables combined with four tones, thus introducing 16 different syllables in total. Therefore, it is likely that learners may be able to achieve better generalization of tonal knowledge after a lengthier training with more syllables. A longer training time will also allow for collection of more data from the participants to show a longer-term training effect. Future research can test this hypothesis with the inclusion of more training items.
In addition, all of our training items were monosyllabic. Training on di-syllabic or multi-syllabic words can improve the diversity of the materials that participants learn and thus enhance the learner’s generalizability of tonal knowledge. Moreover, the di-syllabic or multi-syllabic items present a greater challenge to learners, and so the training strategies used in the Segmental Training Group to enhance the learners’ awareness of tonal and segmental information may begin to show some advantages. Future research could aim to develop a more extensive training program that involves monosyllabic, di-syllabic, and multi-syllabic words to address how best to improve learners’ metalinguistic awareness of the segmental and tonal information. Relatedly, future research can consider using high-variability training instead of the same word repetition and using a more active paradigm that engages participants in production beyond the more implicit training heavily focused on phonological perception. Also, our participants made overall very few errors in the phonological judgment task. In future research, to further increase the difficulty of this task to get more errors, researchers could consider using different speakers for the same token stimuli when repeated or degrading the stimuli (e.g., put them in noise).
Moreover, our participants were all native English speakers, thus the generalizability of the training effect could not be addressed. Future work can recruit participants with different backgrounds of native languages to address the generalizability issue and potential learning differences. Lastly, note that all of our participants had never learned a tonal language and thus Pinyin and Chinese were novel to them prior to our study. We acknowledge that if we have included a comparable non-Pinyin training group, our experiment would have been even more rigorous, which is a limitation that could be addressed in future work.
CONCLUSION
In the present study, two training methods aiming to help native English-speakers learn sixteen Chinese words with assistance from Pinyin symbols were designed, and their relative effectiveness was compared. One method emphasized the separation between segmental and tonal information of the Pinyin symbols throughout the training, whereas the other used Pinyin symbols as an integral unit. Results demonstrated that the two different training methods were equally effective in supporting Chinese L2 learners’ phonological learning, tone identification, and spoken word comprehension. The equal success via the two training methods may be due to the consistent involvement of Pinyin throughout the training and learner’s reliance on segment and tone as an integral unit rather than separate cues in learning Chinese words.
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FOOTNOTES
1Four participants (one from the Whole-Syllable-Based group) did not complete the posttest of phonological judgment task, and three of them (one from the Whole-Syllable-Based group) did not complete the pretest of phonological judgment task either. All participants completed the other two outcome measures: Tone Identification and Word Comprehension
2We did not identify any evidence for an accuracy-RT tradeoff for the original items in the S + T-condition in the pre-test, as the correlation between accuracy and RT was not significant, r (37) = -0.01, p = 0.950
3We did not identify any evidence for an accuracy-RT tradeoff for the new items in the S + T-condition in the post-test, as the correlation between accuracy and RT was not significant, r (36) = -0.23, p = 0.161
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ST+ 956,55 (438.28) 859,63 (314.27)
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Post_Test New Items S+Te 996.5 (332.42) 953.86 (284.76)
S+T- 1,016.13 (314.02) 960.94 (429.79)

ST+ 918.59 (315.94) 874.49 (260.22)

ST 895.11 (317.23) 853.53 (256.08)

The training effect refers to the difference between the post-test vs. pre-test (ie., reduced error rates on the original items or on the new items).
aBF. 10 values equal or smaller than .33 (1/3) favor null hypotheses.
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D1-last 083 (023) 084 (0.23) 088 (0.12) 093 (0.06)
D2-overal 085 (0.16) 091 (0.10) 088 (0.15) 0.5 (0.06)
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D3-overal 092 (0.12) 098 (0.03) 0.96 (0.08) 099 (0.03)
D3-last 095 (0.06) 098 (0.03) 0.96 (0.05) 099 (0.03)

Note. D1-overaf: Overal accuracy rate for all rounds in the vocabulary testing on Day 1. Di-ket round: The accuracy rale for the last round in the vocabuliry testing on Day 1.
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Vocabulary Review Test (10-20 min)

Training 2: Separating tonal from segmental information Training 2: whole pronunciation

Exercises 2: Segment and tone judgment task (25 mir) Exercises 2: Whole pronunciation judgment task (25 mir)
Musical ability tests (8 min)
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Pre_Test S+T+ 001 (0.12) 0.02 (0.13)
S+T- 0.13 (0.34) 0.15 (0.36)
ST+ 0.03 (0.18) 0.02 (0.13)
ST 0.02 (0.15) 0.03 (0.16)

Post_Test Original Items S+T+ 0.02 (0.15) 001 (0.10)
S+T- 0.02 (0.14) 0.03 (0.18)
ST+ 00 0(0.06)
ST 0.01 (0.09) 0(0.08)

Post_Test New ltems S+T+ 001 (0.12) 001 (0.08)
S+T- 0.17 (0.38) 0.14 (0.35)
ST+ 00 00
ST 00 00

The training effect refers to the difference between the post-test vs. pre-test (i.e., reduced error rates on the original items or on the new items).
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0.99 (0.14) 1.00 (0.14) 099 (0.14) 1.00 (0.14) 0.97 (0.14) 0.98 (0.10) 0.95 (0.19) 0.96 (0.20)





OPS/images/fcomm-07-629349-t006.jpg
- Segmental training Whole-syllable-based training JZS bayes factor (BF 10°)

Tone Identification Accuracy Rate 0.74 (0.44) 080 (0.40) 032
RTs 2,195.29 (1,280.83) 2,136.43 (1,061.73) 037
Word Comprehension Accuracy Rate 0.76 (0.43) 082 (0.38) 032
RTs 3,369.43 (2,104.35) 3,064.34 (1,613.81) 032

aBF. 10 values equal or smaller than 0.33 (1/3) favor null hypotheses.
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