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ABSTRACT 

 
Second language (L2) learners of tone languages do not perceive and produce the 

different tones of the target language with equal ease. The most common explanation for these 

asymmetries is that acoustically salient tones are the easiest to learn. An alternative explanation 

is that tones are easiest to learn when they are highly frequent in the input. 

This dissertation pits the acoustic salience hypothesis against the input frequency 

hypothesis by investigating tone acquisition among children learning Macuiltianguis Zapotec, an 

endangered language traditionally spoken in Oaxaca, Mexico. The learners were seven native 

Spanish speakers, ages 7-11, studying Zapotec through a language revitalization program. This 

language is ideal for testing these two hypotheses because tones with low acoustic salience (mid 

tones) are highly frequent, while the salient (rising and dipping) tones are low-frequency. This 

begs the question of how learners make use of these competing factors. 

The study used a video corpus of classroom language and periodic learning measures 

collected over a ten-month period. Tone token and type frequencies, lexeme frequencies, and 

relative word frequencies were calculated from the corpus. Vocabulary tests and tone production 

tests were administered at four time points, and learners also completed a tone perception test 

and an elicited imitation task. 
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The results show that learners were best at producing mid and rising tones but at 

perceiving dipping tones. Acoustic salience, tone frequency, and relative word frequency all 

predicted tone production accuracy. In addition, tone frequency predicted the rate of tone false 

alarms produced. That is, learners produced high rates of mid tones regardless of the tone target. 

However, acoustic salience was the best predictor of tone accuracy as measured through d' 

scores, a statistic that takes response bias into account. That is, learners gave correct productions 

for the salient rising and dipping tones more often than they produced these tones in error. 

Acoustic salience and input frequency therefore both play important roles in tone 

learning, but they influence different aspects of development. The findings emphasize the 

importance of employing models of L2 phonology that allow for both phonetic substance and 

statistical properties to drive acquisition.
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CHAPTER 1:  INTRODUCTION 

Much research over the past several decades has been dedicated to studying the 

challenges and successes of learning a second or additional language beyond early childhood. 

However, this broad field of research known as second language acquisition (SLA) has focused 

on a small set of well-known global languages, accounting for less than one percent of the nearly 

7,000 languages spoken around the world. A consequence is that little is known about the second 

language (L2) acquisition of many linguistic features. Tone, the use of pitch to distinguish words 

and mark grammatical functions, is one such feature. Over half of the world’s languages are 

tonal (Goldsmith, 1994), but studies of L2 tone acquisition are scarce and have mostly been 

limited to a handful of socio-politically dominant tone languages spoken in east and southeast 

Asia. Studies of Mandarin, Cantonese, and Thai have made important contributions to our 

understanding of L2 tone, but these languages alone do not adequately represent the wide variety 

of tone systems attested in human languages. The L2 acquisition of tone in minority and 

understudied languages thus merits empirical attention and offers the opportunity to investigate 

questions left unanswered by research on major world languages.  

As a case study, this dissertation investigates lexical tone acquisition by children learning 

Macuiltianguis Zapotec, an endangered Otomanguean language traditionally spoken in the 

community of San Pablo Macuiltianguis in the state of Oaxaca, Mexico. The study follows seven 

native Spanish-speaking students as they engaged in 23 Zapotec lessons (approximately 40 hours 

of instruction) over a ten-month period through an extracurricular language revitalization 

program. A corpus of spoken classroom language and periodic learner performance measures 

were used to investigate tone learning over this period. Each class lesson was audio and video-

recorded. The recordings were edited to include only intelligible spoken interactions and 
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“teacher talk” (e.g., R. Ellis, 1985), then transcribed and translated to Spanish by a native 

Zapotec speaker, resulting in a 12 hour, 21 minute corpus (17,542 words). Vocabulary tests and 

tone production tests were administered to the students at four time points during the ten-month 

period, a tone perception test was administered after eight months, and an elicited imitation test 

was administered at the end of the data collection period. The study was designed to map 

changes in students’ knowledge of Zapotec tones over the duration of the study as well as to 

gauge their overall proficiency and accuracy in tone production at the end of the study.  

The unanswered question that drives this dissertation is: Why do L2 learners produce 

some target language tones more accurately than others? Although speakers of both tone and 

non-tone first languages (L1s) can learn to accurately perceive and produce nonnative tones with 

auditory training or exposure to a tone language (Cooper & Wang, 2013; Francis, Ciocca, Ma, & 

Fenn, 2008; Guion & Pederson, 2007; Y. Wang, Spence, Jongman, & Sereno, 1999a; Wayland 

& Li, 2008; X. Wu, 2012b) studies consistently show asymmetries with regards to the different 

tones that make up the target language inventory. For instance, naïve listeners (with no previous 

tone language experience) perceive the Mandarin low dipping tone (Tone 3) more accurately 

than the other three Mandarin tones, while L2 learners with exposure to Mandarin are most 

accurate on the high level tone (Tone 1) and the falling tone (Tone 4) and show confusion 

between Tone 3 and the rising tone (Tone 2) (Guo & Tao, 2008; Hao, 2012; C. K. So & Best, 

2010; Tsukada, Xu, & Rattanasone, 2014; X. Wang, 2013; X. Wu, 2012b). Naïve listeners and 

L2 learners of Cantonese show greater accuracy in the perception of Cantonese tones with high 

pitch targets than tones with low pitch targets (Francis et al., 2008; Qin & Jongman, 2016; Qin & 

Mok, 2013). Naïve listeners of Thai discriminate pairs of tones involving the rising tone more 
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accurately than other tone pairs (Burnham et al., 2014; Reid et al., 2015; Schaefer & Darcy, 

2014a).  

Exactly what drives these asymmetries in L2 tone learning has not been directly 

investigated and remains an open question. Researchers who acknowledge the asymmetric 

patterns often point to variation in the acoustic salience of different tones. X. Wang (2013) found 

that naïve English, Hmong, and Japanese speakers identified Mandarin Tone 3 more accurately 

than the other three Mandarin tones both before and after an auditory training. She argued that 

the pitch movement associated with the dipping-rising contour of Tone 3 makes this tone more 

acoustically salient and therefore easier to identify. Tsukada et al. (2014) suggested that naïve 

English listeners’ high accuracy in discriminating Mandarin Tone 3 from the falling Tone 4 was 

due to other salient acoustic characteristics of Tone 3, including longer vowel duration and a 

creaky voice quality. Indeed, many studies show that naïve listeners and L2 learners are sensitive 

to the acoustic properties of lexical tone (Y. Wang, Jongman, & Sereno, 2015) and, in fact, 

speakers of non-tone L1s may be more sensitive than tonal L1 speakers to gradient acoustic cues 

such as pitch or fundamental frequency (F0), at least at early stages of acquisition (Burnham et 

al., 2014; Hallé, Chang, & Best, 2004; Kaan, Barkley, Bao, & Wayland, 2008; Peng et al., 

2010a; Reid et al., 2015; Yisheng Xu, Gandour, & Francis, 2006). Because these learners are not 

biased towards a phonological role for pitch at the lexical level, they are more of a blank slate, 

perceptually speaking, and therefore more attuned to the psychoacoustic characteristics of pitch 

than to its linguistic function in the L2. Still, the relationship between acoustic salience and L2 

tone acquisition is not well understood and deserves empirical examination. To this end, the first 

hypothesis that this dissertation will explore is that asymmetries in L2 tone acquisition are 

predictable from differences in the acoustic salience of the tones in the L2 inventory. 
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Acoustic salience alone is unlikely to be able to fully explain the asymmetries in L2 tone 

acquisition, however. It cannot explain how or why learners’ ability to produce and perceive L2 

tones changes with exposure or as learners’ L2 lexical knowledge expands. For example, 

acoustic salience does not explain why naïve listeners perceive Mandarin Tone 3 most 

accurately, but L2 learners with exposure to Mandarin confuse Tones 2 and 3 (Guo & Tao, 2008; 

Hao, 2012; Tsukada et al., 2014; X. Wang, 2013; Y. Wang et al., 1999a). Nor does it account for 

variable performance in the production and processing of the same tone on different lexical 

items. Wiener and Ito (2015, 2016) showed that speakers of Chinese languages exhibit faster 

lexical access for infrequent syllables with probable tones than for infrequent syllables with 

improbable tones, and Sun (1998) found that English-speaking learners of Mandarin showed 

better tone production accuracy on high frequency lexical items. These findings are in line with 

statistical or probabilistic models of phonology (e.g., Pierrehumbert, 2001, 2003a, 2006a) and the 

wealth of speech processing research demonstrating that the phonological processing of native 

and nonnative words is subject to the probability characteristics of one’s native language 

phonology (see Frisch, 2011 for an overview). Edwards, Beckman, and Munson (2015) 

described the relationship between frequency and phoneme acquisition order in child L1 

phonological acquisition. At the same time, in the field of second language acquisition, there is 

growing support for usage-based approaches to language development that assume that abstract 

constructions are built up on the basis of L2 input and learned through language use (e.g., N. C. 

Ellis, 2002a, 2002b, 2006, 2011; N. C. Ellis & Larsen-Freeman, 2006; Madlener, 2015). These 

approaches posit that the frequency characteristics of L2 input are crucial drivers of learning but 

also acknowledge that a variety of factors, including salience, can mediate, block, or overtake 

frequency effects (N. C. Ellis, 2002a and responses; Eskildsen, 2009). Drawing on this previous 
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work, the second hypothesis that this dissertation will explore is that asymmetries in L2 tone 

acquisition are predictable from differences in the frequency distributions of individual tones in 

the target language input learners receive. 

The language-specific characteristics of the Macuiltianguis Zapotec tone system present 

the conditions for a natural experiment that pits the acoustic salience hypothesis against the input 

frequency hypothesis for explaining tone acquisition order. Macuiltianguis Zapotec has a large 

tone inventory consisting of six contrastive lexical tones. Tone types with low acoustic salience 

(such as mid tones) are the most frequent in the lexicon while tone types with high acoustic 

salience (such as rising tones) are the least frequent. This begs the question of how learners make 

use of these competing factors during tone learning. Ambridge et al. (2015) suggest that in a 

regression analysis intended to model a given language learning outcome, measures of input 

frequency will nearly always “make a significant unique contribution to the variance of the 

outcome measure” (p. 243).1 If acoustic salience is the major driver of L2 tone learning, this may 

not be the case, as learners may show the earliest accuracy on salient but infrequent tones. On the 

other hand, if frequency is more important, learners should show the earliest accuracy on 

frequent but less salient tones. 

Few studies have investigated input frequency effects in L2 phonological acquisition, and 

the current study presents a unique opportunity to address a set of empirical gaps in this area. 

Frequency in studies of phonological learning is often measured at one time point rather than at 

several time points, using just one frequency measure rather than a set of measures, and in 

laboratory studies rather than “real-life” learning settings. The current study draws frequency 

 
1 Although the focus of Ambridge et al.’s article is child first language acquisition, this quote is representative of 
similar claims about the role of frequency in SLA (e.g., Ellis, 2002b). 
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measures from a corpus of the actual L2 input learners received in the Zapotec classroom and 

measures tone and lexical input frequency at different time points over the ten-month study. 

It is important to define what is meant by lexical tone learning. For the purposes of this 

dissertation, tone learning refers to learners’ ability to produce tone accurately on lexical items as 

they appear in isolation and does not address their ability to productively apply tone alternations 

or morphophonological tone processes. That is, the study investigates the nature of learners’ 

acquisition of Zapotec tone contrasts and the extent to which they accurately produce the tones 

associated with the lexical items they hear in the classroom. Both tone perception and tone 

production are explored, but the focus of the study is tone production. The focus on tone 

production makes it possible to examine how acoustic salience and input frequency influence not 

only tone accuracy but also tone errors. Error patterns may be as important as targetlike 

productions for gaining a broad understanding of learners’ phonological development. 

The effects of acoustic salience and input frequency on the development of tone 

categories as learners gain L2 exposure and proficiency are not expected to be static. L2 

phonological knowledge is linked to L2 vocabulary knowledge and develops as learners expand 

their L2 lexicon. At early stages, learners attune to the phonetic characteristics of language and 

begin to establish form-meaning relations. As they begin to process lexical items as phonological 

words, their accuracy in perceiving and producing L2 sounds is influenced by input frequency 

characteristics (Bradlow & Pisoni, 1999; Imai, Walley, & Flege, 2005). As learners’ vocabulary 

size increases, they become more attuned to the phonological units of the L2 and acquire 

phonemic contrasts. Because the relationship between L2 lexical and phonological knowledge 

changes as learners progress, it is prudent in a study of L2 phonological learning to measure 

lexical knowledge alongside other factors such as length of study or general proficiency. An 
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assumption of this dissertation, then, is that the effects of acoustic salience and input frequency 

will vary as a function of learners’ vocabulary knowledge in Zapotec. 

In sum, this dissertation examines the roles of acoustic salience and input frequency on 

child L2 learners’ acquisition of the six contrastive lexical tones of Macuiltianguis Zapotec. The 

dissertation is organized as followed. The remainder of this introductory chapter provides a brief 

linguistic description of lexical tone (Section 1.1) and then presents the major findings from the 

body of research on nonnative or L2 lexical tone acquisition that has been conducted to date 

(Section 1.2). Chapter 2 motivates the research questions and hypotheses for the study with a 

review of literature: Section 2.1 covers the role of acoustic salience in tone learning, and Section 

2.2 discusses the effects of input frequency on L2 phonological acquisition. Chapter 3 gives 

relevant background on the target language, Macuiltianguis Zapotec, and briefly describes the 

phonologically relevant features of Mexican Spanish. Chapter 4 details the research questions 

and hypotheses for the study. Chapter 5 describes the methods employed including the 

instructional context, participants, materials, and procedure for data collection and analysis. 

Chapter 6 presents the results of data analysis. Chapter 7 discusses the results in consideration of 

the hypotheses, the theoretical and methodological contributions, limitations, and the 

implications of the findings of the dissertation for future research. 

1.1 What is tone? 

Tone, in linguistics, is the use of pitch to distinguish words (“lexical tone”) or mark 

grammatical functions (“grammatical tone”). For example, in Beijing Mandarin, ma with a high 

tone means ‘mother’ while ma with a dipping-rising tone means ‘horse.’ In Macuiltianguis 

Zapotec, rona with a low tone on the first syllable means ‘he’s eating’ while gona with a high 

tone on the first syllable means ‘he will eat.’ This is different from non-tone languages, which 
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may use pitch as a secondary cue to word stress but not as a primary cue to distinguish two 

words. In English, for instance, pitch plays an ancillary role in determining the difference 

between the noun REcord (stress on the first syllable) and the verb reCORD (stress on the second 

syllable). The stressed syllable is generally produced with a higher pitch than the unstressed 

syllable, but it is also longer and louder than the unstressed syllable, and the vowel of the 

unstressed syllable is reduced to the unrounded central “schwa” vowel /ə/ (e.g., Beckman, 1986). 

In both tone and non-tone languages, pitch can also play a role in determining meaning at the 

phrasal or sentential level. In French, a sharp pitch rise in the last syllable of a phrase indicates a 

yes-or-no question while a sharp fall in the last syllable indicates a declarative statement. Despite 

their linguistic exploitation of pitch, both English and French are non-tone languages; tone 

languages are those that exploit pitch at the lexical level. 

Tones come in different shapes and sizes. Linguists classify tones according to their pitch 

properties by measuring a tone’s fundamental frequency (F0). While pitch is a characteristic of 

the subjective human perception of sound, F0 refers to the physical characteristics of the sound 

signal, specifically the number of vibrations or cycles per second of a sound wave as measured in 

Hertz (Hz). F0 can be relatively high (larger number of Hz) or low (smaller number of Hz), and 

it can change from the beginning to the end of a tone. A tone’s F0 is plotted in pitch tracks that 

can be generated automatically using sound analysis software such as Praat (Boersma & 

Weenink, 2017). 

A common distinction is that some tones are level tones while others are contour tones. 

Level tones maintain a relatively steady F0 throughout their duration while contour tones exhibit 

a significant F0 rise or fall. This is primarily a phonetic denotation, but it can also be a 

phonological one. A natural class of level tones may exhibit phonological behaviors that 
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distinguish them from contour tones. However, tones that exhibit a phonetic change in F0 

sometimes behave phonologically like level tones (Yip, 2007). According to Yip (2007), 

languages may contrast up to five level tones, but most tone languages contrast only two. 

Contour tones are typically only found in languages that also have level tones but not the other 

way around. Contour tones tend to be longer than level tones, and they are often restricted to 

certain word positions or certain syllable types.  

In this dissertation, I mostly limit my discussion of tone languages to languages that 1) 

have been the target of research on nonnative or L2 lexical tone learning, and 2) have more than 

two tone patterns that contrast across monosyllabic words. Although they have been the target of 

L2 research, I do not include languages such as Japanese, in which words either do or do not 

have a single pitch fall, or Swedish, in which two different pitch contours can distinguish words 

of two or more syllables. (Both of these are sometimes referred to as “accentual” or “pitch 

accent” languages rather than tone languages.) For my purposes, this a practical rather than 

theoretically driven distinction. Because of the focus on the asymmetric acquisition of different 

tones as they are associated with lexical items, it is reasonable to limit the scope of discussion to 

languages with more than two tones. 

In this and the following chapter, I will review research on L2 tone learning that has 

focused on Mandarin, Cantonese, or Thai as the target language. Therefore it is useful to first 

introduce the tone systems of these three languages. Figure 1.1 shows pitch tracks and minimal 

pairs for the tones each of these languages. Beijing Mandarin contrasts four tones: a high level 

tone (Tone 1), a mid rising tone (Tone 2), a low dipping tone (Tone 3), and a high falling tone 

(Tone 4). There is also a neutral tone (Tone 0) associated with weak syllables whose pitch is 

determined by the preceding tone. According to a corpus analysis by Da (2010), Tone 4 has the 
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highest token frequency (41%), followed by Tone 2 (19.6%), Tone 1 (17%), Tone 3 (14.8%), 

and the neutral tone (7.5%).2 Hong Kong Cantonese has six tones: a high level tone (Tone 1), a 

mid rising tone (Tone 2), a mid level tone (Tone 3), a low falling tone (Tone 4), a low rising tone 

(Tone 5), and a low level tone (Tone 6). According to Leung, Law, and Fung (2004), Tone 1 and 

Tone 6 have the highest token frequencies (21.4% and 21.0% respectively) followed by Tone 3 

(19.1%), Tone 2 (16.5%), Tone 4 (11.3%), and Tone 5 (10.7%).3 Standard Thai has five tones: 

Mid (or phonologically unspecified), High, Low, Falling, and Rising. Munthuli, Tantibundhit, 

Onsuwan, Kosawat, and Wutiwiwatchai (2015) reported that the Mid tone occurs with the 

highest token frequency (33.7%), followed by the Low tone (22.3%), the Falling tone (19.2%), 

the High tone (15.3%), and the Rising tone (9.4%). 

 
2 In addition, van de Weijer and Sloos (2014) report the following tone type frequencies for the 500 most frequent 
words in Mandarin: Tone 4 (28%), Tone 3 (25%), neutral tone (20%), Tone 1 (12-14%), and Tone 2 (10-12%). 
3 Leung et al. (2004) also report type frequencies, which largely mirror the token frequencies: Tone 1 (23%), Tone 3 
(20.7%), Tone 6 (18.8%), Tone 2 (16.1%), Tone 4 (14.1%), and Tone 5 (7.3%). 
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Mandarin 

 
(Qin & Jongman, 2015, p.6) 

 
 
High level 
Mid rising 
Low dipping 
High falling 
Neutral 

 
 
ma1 ‘mother’ 
ma2 ‘hemp’ 
ma3 ‘horse’ 
ma4 ‘scold’ 
ma0 interrogative particle 
 
(Duanmu, 2007, p.36) 

 
Cantonese 

 
(Qin & Jongman, 2015, p. 5) 

 
High level 
Mid rising 
Mid level 
Low falling 
Low rising 
Low level 

 
si1 ‘poem’ 
si2 ‘history’ 
si3 ‘try’ 
si4 ‘time’ 
si5 ‘city’ 
si6 ‘yes’ 
 
(Chu & Taft, 2011, p. 58) 

 
Thai 

 
(Zsiga & Nitisaroj, 2007, p. 347) 

 

 
 
Mid 
High 
Low 
Falling 
Rising 

 
 
naː ‘rice field’ 
náː ‘aunt’ 
nàː ‘custard apple’ 
nâː ‘face’ 
nǎː ‘thick’ 
 
(Zsiga & Nitisaroj, 2007, p. 344) 
 

 

Figure 1.1 Mandarin, Cantonese, Vietnamese, and Thai tones. 

The tone inventory of Macuiltianguis Zapotec, given in Figure 1.2, is different from 

Mandarin, Cantonese, or Thai, though there are some similarities. I refer to the Zapotec tones 

throughout this dissertation as Low, Mid, High, Falling, Rising, and Dipping, and Figure 1.2 

shows the transcription conventions I use to represent each tone. 
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Low bà ‘tomb’ 
Mid4 ja ‘tree’ 
High tá ‘señor’ 
Falling sâ ‘day’ 
Dipping da᷅ː ‘bean’ 
Rising na᷄ː ‘be’ 

   

Figure 1.2 Macuiltianguis Zapotec tones. 

Overall, the inventory is most similar to the Cantonese inventory; both have three level 

tones and three contour tones. However, the Zapotec Dipping and Rising tones most closely 

resemble Mandarin Tone 3 and Tone 2 respectively, and the Zapotec Falling tone is most similar 

to the Thai falling tone. With this general introduction to tone, the next section moves on to the 

major findings from research on nonnative and L2 lexical tone learning. A more detailed 

description of the target language tone system, including tone frequencies, is given in Chapter 3, 

Section 3.2.4. 

1.2 Major findings of research on L2 lexical tone learning 

One can ask how the non-native speaker, with his or her limited perception of tonal contrasts, 
goes about acquiring a tone language. Unfortunately, we know essentially nothing about this 
interesting topic. — Yip, 2002, p. 309. 

 
In her book simply entitled Tone, Yip (2002) asserted that we knew “essentially nothing” 

about how learners acquire the lexical tone system of a nonnative language or L2 (p. 309). 

Fortunately, in the fifteen years since the publication of Tone, a range of research has been 

 
4 For simplicity I choose not to transcribe mid tones in this dissertation. However, I make no particular claim about 
the tonal specification status of mid tones in Macuiltianguis Zapotec in this dissertation as work in this area remains 
to be done and tonal specification is not directly relevant to the questions undertaken in this study. For an analysis of 
tonal specification of word roots in Macuiltianguis Zapotec see Riestenberg (2016). See also Broadwell, Foreman, 
and Bickmore (2008) and Tejada (2012). 
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conducted on this topic, with many studies published just in the last few years. Several 

interesting findings have emerged. First, speakers of tone versus non-tone L1s display important 

differences from one another in nonnative tone perception, production, and processing. In 

particular, native speakers of tonal L1s perceive new tones categorically and assimilate them to 

their native tone categories, while native speakers of non-tone L1s perceive gradient acoustic 

differences among tones but struggle to categorically incorporate tones into L2 lexical 

representations (Hallé et al., 2004; Hao, 2012; Reid et al., 2015; C. K. So & Best, 2010, 2014). 

Second, the pitch features of a non-tone L1 may influence nonnative tone learning. While more 

research is needed to confirm this finding, there is some evidence that the use of pitch as a cue to 

lexical stress and the use of intonational pitch to determine utterance-level contrasts both play a 

role in nonnative tone learning (Braun, Galts, & Kabak, 2014; Francis et al., 2008; C. K. So & 

Best, 2014). Third, speakers of non-tone languages can learn to accurately perceive and produce 

lexical tone with auditory training or classroom exposure to a tone language (Cooper & Wang, 

2013; Francis et al., 2008; Guion & Pederson, 2007; Y. Wang, Spence, Jongman, & Sereno, 

1999b; Wayland & Li, 2008; X. Wu, 2012a). Fourth, and most interesting for this dissertation, 

the individual tones of a tonal L2 are not acquired with equal ease. Learners both within and 

across L1 groups show asymmetries in how accurately they perceive or produce rising tones 

versus falling tones or high versus low tones (Burnham et al., 2014; Guo & Tao, 2008; Reid et 

al., 2015). The following subsections cover each of these major findings in detail. Then, the 

chapter concludes with a summary of the implications of these findings for the current study. 

1.2.1 Tone and non-tone L1 speakers differ in nonnative tone perception and production 

Many studies have investigated how the pitch characteristics of one’s native language or 

L1 affect the perception of lexical tone in a new language. Early research in this area 
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investigated whether speakers of a tone L1 would have an advantage over speakers of a non-tone 

L1 in the perception of nonnative tones. Lee, Vakoch, and Wurm (1996) administered Cantonese 

and Mandarin AX lexical tone discrimination tasks to 21 Mandarin, 27 Cantonese, and 21 

English speakers with no experience learning a tone language. When Cantonese tone stimuli 

were presented back-to-back or with a five-second interval between stimuli, there were no 

significant differences between language groups. However, when participants had to count 

backwards between Cantonese tone stimuli, the Mandarin listeners showed an error rate of .21, 

significantly better than English speakers’ error rate of .33 (p < .01). On the other hand, 

Cantonese listeners outperformed English listeners in discriminating Mandarin tones across all 

three conditions (p < .01). The authors argued that native tone language speakers’ familiarity 

with lexical tones gave them a general advantage over native speakers of non-tone languages in 

the discrimination of lexical tones. They hypothesized that Mandarin speakers were less accurate 

in Cantonese tone discrimination than vice-versa simply because the Cantonese inventory has six 

tones rather than four, making it a more difficult system and putting Mandarin speakers at a 

relative disadvantage. 

Schaefer and Darcy (2014a, 2014b) also found an advantage for speakers of a tonal L1 in 

nonnative tone perception. They administered an AXB Thai tone discrimination task to native 

speakers of Mandarin (a tone language), Japanese (a language with a restricted inventory of 

word-level pitch contrasts), English (a non-tone, stress-accent language with pitch as a secondary 

cue to stress), and Korean (a language with no lexical pitch contrasts). They hypothesized that 

the more prominent the role of pitch at the lexical level in the L1, the better participants would 

perform on the tone discrimination task. Their results mostly yielded the expected performance. 

The Mandarin group had an average accuracy score of 87% correct, followed by the Japanese 
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group at 77%, and the English and Korean groups which both scored 67%. There was a 

significant main effect of group (F(3, 67.3) = 11.3, p < .001) and post-hoc comparisons showed 

that Mandarin listeners significantly outperformed the Korean and English groups (p < .001) but 

not the Japanese group. Considering these results, the authors proposed what they called the 

pitch prominence hypothesis, which argued that a cross-linguistic advantage in L2 lexical tone 

learning can be predicted according to a set of characteristics surrounding the use of pitch in the 

L1: the prosodic domain of pitch contrasts, the exclusivity of pitch in signaling lexical contrast, 

the functional load of pitch, and the inventory of pitch patterns. They argued that the reason the 

English and Korean groups showed no difference was because pitch is not used exclusively to 

distinguish words in either language. 

Speakers of tone languages do not always have an advantage in nonnative lexical tone 

perception, however. Tone language speakers tend to assimilate new tones to their native 

language tone categories, at least at early stages of acquisition, and this can sometimes cause 

confusion and cause these learners to misperceive or misproduce the tones of the target language, 

a finding predicted by a prominent theory of nonnative phonological learning known as the 

Perceptual Assimilation Model (PAM) (Best, 1995; Best & Tyler, 2007; C. K. So & Best, 2010, 

2014). The PAM predicts that nonnative sounds are perceived according to their degree of 

similarity to native sounds (i.e., phonemes along with allophonic phonetic information). Under 

the PAM, sounds are either categorized (assimilated to a native category based on phonetic 

similarity) or uncategorized (too different from any native sound to be assimilated). Pairs of 

sounds in the target language inventory that are categorized into two different native categories 

(called two-category or TC assimilation) are expected to be easy for learners to discriminate just 

as they can easily discriminate the two sounds in their native language. Pairs of sounds that are 
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assimilated to a single native category (called single-category or SC assimilation) are expected to 

be difficult for learners to discriminate. Because target language sounds can vary in terms of the 

quality or “goodness” of the assimilation, pairs of sounds can also be characterized as a category 

goodness (CG) assimilation if two sounds are assimilated to a single L1 category but differ in 

their degree of assimilation. The PAM predicts gradient discrimination for these pairs.  

Although the PAM has mostly focused on the acquisition of minimal contrasts in 

segmental learning, C.K. So and Best (2010) extended the PAM to investigate lexical tone 

learning (in a model later referred to as the PAM-S, C.K. So & Best, 2014). They investigated 

the ability of functionally monolingual English, Japanese, and Cantonese speakers to identify 

Mandarin tones after a familiarization task. Participants learned the labels for the four Mandarin 

tones (high level Tone 1, mid rising Tone 2, low dipping Tone 3, and high falling Tone 4) as 

heard on three different syllables (chi, cha, and chu) during a self-paced familiarization task. 

They then completed a four-alternative forced-choice identification task in which they listened to 

a stimulus and had to choose one of the tone labels for the stimulus that they had learned during 

the familiarization task. There was no feedback given during the experiment.  

The overall results of the identification task showed significant effects of L1 Group, F(2, 

27) = 6.130, p < .001, and Tone, F(3, 81) = 7.556, p < .001. Post-hoc analyses revealed no 

significant differences across groups for Tones 1, 2, and 3, but both the Cantonese and Japanese 

groups significantly outperformed the English speakers on Tone 4, the falling tone (mean A′ ≈ 

0.54 for English, ≈ 0.82 for Japanese, and ≈ 0.86 for Cantonese; p < .001 in both cases). In 

addition, all three groups performed at greater than chance accuracy for all tones except English 

speakers on Tone 4. Because Cantonese speakers misidentified Tone 1 as Tone 4 at a rate of 23% 

while the Japanese and English groups did so at 7% and 8% respectively, C.K. So and Best 
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argued that Cantonese speakers exhibited a single-category (SC) assimilation of Mandarin Tone 

1 and Tone 4 to the Cantonese Tone 1 category because the latter has two allotones: high level 

and high falling. Based on this result, they claimed that Cantonese listeners’ perception of 

Mandarin tone was both constrained and aided by their L1 phonological system, but that 

Japanese and English listeners relied more on the inherent acoustic differences of the tones. 

Hao (2012) used the PAM to investigate Mandarin tone learning among native speakers 

of English (n = 10) and Cantonese (n = 9) who had studied Mandarin for at least two years. 

Participants completed a tone identification task, a tone mimicry task, and a reading task. The 

results showed no significant differences in accuracy between the Cantonese and English groups 

on any of the three tasks, with both groups exhibiting confusion between the Mandarin mid 

rising tone Tone 2 and low dipping Tone 3 more than other tone pairs across tasks. The 

Cantonese group additionally confused the Mandarin high Tone 1 and falling Tone 4, and the 

results of a tone categorization task showed that they assimilated both Mandarin Tone 1 and 

Tone 4 into the Cantonese high Tone 1 category. Like C.K. So and Best (2010), Hao argued that 

the PAM predicted the Cantonese learners’ confusion on these tones. However, the author noted 

that the PAM did not predict either group’s difficulty with Tone 2 and Tone 3, suggesting that 

this should be explained by examining factors such as the acoustic similarities of and 

phonological relationship between these two tones. 

Speakers of tone languages are thus not automatically more accurate than speakers of 

non-tone languages at perceiving and producing the lexical tones of a new language. Tone 

language speakers tend to assimilate new tones to their native language tone categories which 

can make perception of certain tones difficult and lead to confusion. Overall, however, speakers 

of tone languages do appear to have an advantage over speakers of non-tone languages in terms 
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of perception accuracy. Schaefer and Darcy (2014a, 2014b) argued that the pitch prominence 

hypothesis explains these findings. According to this hypothesis, the greatest advantage in 

nonnative tone perception is found among speakers of tone languages with robust tone 

inventories and in which pitch alone can signal a lexical contrast and tone has a high functional 

load. 

1.2.2 Speakers of non-tone L1s perceive gradient acoustic differences among tones 

The previous section presented evidence that tone L1 speakers process novel tones 

categorically according to their native tone inventory, at least at early stages of learning, while 

non-tone language speakers do not. Speech sound perception is considered to be categorical 

when listeners perceive a sharp boundary between two categories (as shown through 

identification tasks) and when listeners have strong discrimination abilities across category 

boundaries but poor discrimination abilities within categories. The absence of such category 

boundaries is referred to as continuous perception. While the difference between categorical and 

continuous perception is itself not a strict distinction, studies of lexical tone perception among 

tone L1 and non-tone L1 speakers show that the former tend towards categorical perception of 

tones while the latter tend towards continuous perception, relying on basic acoustic properties to 

discriminate tones. 

Hallé et al. (2004) demonstrated this difference in a study of tone perception by speakers 

of Taiwanese (a tone language) and French (a non-tone, non-stress language). The authors 

created a set of artificial stimuli based on real Mandarin words carrying one of the four Mandarin 

tones. They generated three artificial tone continua in which the two extremes of each continuum 

were citation forms of the actual Mandarin tones. For instance, for the first continuum, one 

extreme stimulus was a citation form of Tone 1 and the other extreme stimulus was a citation 
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form of Tone 2. The remaining six stimuli in the continuum were interpolations between Tone 1 

and Tone 2. Tones 2 and 4 served as the extremes for the second continuum, and Tone 3 and 4 

served as the extremes for the third continuum. The stimuli therefore varied systematically in 

terms of three major acoustic cues to tone in Mandarin: F0 height, F0 contour, and intensity. 

Other acoustic features such as duration were controlled. 

The Taiwanese participants completed a forced-choice identification task in which they 

were asked to choose between the two Chinese characters that represented the words at the 

extremes of each continuum. Both Taiwanese and French participants additionally completed an 

AXB discrimination task. The results showed that French listeners could distinguish the 

intermediate tones from the extremes but struggled to discriminate tones that were nearest each 

other on the continuum. The Taiwanese listeners on the other hand were more accurate than the 

French listeners at distinguishing tones near the center of the continua. That is, their 

categorization boundaries corresponded to the middle of each continuum. The authors argued 

that the Taiwanese listeners displayed categorical perception while the French listeners exhibited 

a psychoacoustic rather than categorical bias in their processing of Mandarin tones. 

Xu et al. (2006) tested Mandarin and English speakers’ perception of artificial speech and 

non-speech tones along a continuum from high level to rising. Participants first completed a two 

forced-choice identification task in which they chose between “level” or “rising” pitch and then 

completed an AX discrimination task. The results of the identification task showed that both 

groups created a categorization boundary near the middle of the continuum, but that the 

boundary cutoff was sharper for Mandarin speakers. Using these category boundaries, Mandarin 

listeners showed better between-category discrimination than English listeners for both speech 

(mean accuracy 86.5% for the Chinese group, mean accuracy 68.5% for the English group) and 
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nonspeech stimuli (92.2% Chinese, 80.3% English). English speakers on the other hand were 

significantly better than the Mandarin speakers at within-category discrimination (speech stimuli: 

mean accuracy 62.7% for Chinese, 67.6% for English; non-speech stimuli: 69.6% for Chinese, 

72.3% for English). The authors concluded that Mandarin participants showed evidence of 

categorical perception while the English participants demonstrated more continuous perception 

of tone stimuli. 

Peng et al. (2010a) compared German speakers’ perception of synthesized speech and 

non-speech tones to that of Mandarin and Cantonese speakers. German is a non-tone language 

with a limited set of word stress contrasts to which pitch is a secondary cue. The tone stimuli 

were manipulated to align with eleven points along two different types of continua, one rising 

and one falling. For the rising continua, stimulus 1 began with a low F0 and rose sharply to a 

high F0. The remaining stimuli increased incrementally in F0 onset but all rose to the same F0 

offset, with stimulus 11 representing a completely level high tone. The stimuli for the falling 

continua were constructed in the same way but with a pitch fall instead of a pitch rise. Stimulus 1 

had a high F0 onset and fell sharply to a low F0 onset, while stimulus 11 was a level high tone. 

Participants completed an AX discrimination task in which they labeled tone pairs along the two 

continua as same or different. The results showed that while Mandarin and Cantonese speakers 

were best at discriminating pairs of rising and falling tone stimuli closer to the middle of each 

continuum, German speakers were best at discriminating the stimuli closest to the level tone in 

each case. The authors argued that German speakers’ lack of experience with contrastive lexical 

tone caused them to focus on the F0 cues without “linguistic” interference, noting that naïve 

German speakers were less sensitive to F0 slope than F0 onset or offset differences in their 

perception of tone. 
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One explanation for the fact that speakers of non-tone languages perceive gradient rather 

than categorical acoustic differences between tones is that these speakers are not attuned to use 

pitch as a cue to lexical contrast. Indeed, studies of infants’ perception of lexical tone show that 

non-tone language learners ignore lexical tone by about age 2;6 (J. F. Hay, Graf Estes, Wang, & 

Saffran, 2015; Singh & Fu, 2016) and that this effect continues into adulthood (Caldwell-Harris, 

Lancaster, Ladd, Dediu, & Christiansen, 2015). Although non-tone languages do manipulate 

pitch for linguistic purposes such as utterance-level intonation, Hallé et al. (2004) argued that 

these representations are weaker than the representations of lexical tone categories and therefore 

do not promote the same degree of categorical perception. A consequence for L2 lexical tone 

learning is that even if learners can accurately perceive differences among lexical tones, it does 

not necessarily follow that they will be able to accurately incorporate the tones into their L2 

phonological systems or use them accurately in word production. 

1.2.3 The role of pitch in a non-tone L1 may influence L2 tone learning 

Although speakers of non-tone languages are not biased by their L1s to perceive 

nonnative tones categorically, the role of pitch in an L1 may still affect L2 tone learning. C.K. So 

and Best (2014) tested naïve speakers of English and French on Mandarin tone perception. They 

found that French speakers slightly outperformed English speakers on a tone discrimination task 

(70% mean correct versus 66% mean correct; F(1,348) = 7.12, p < .001) and were better able to 

distinguish the Mandarin low dipping Tone 3 from the high falling Tone 4. Otherwise, the two 

groups showed parallel patterns of tone discrimination. Both groups showed more difficulty 

discriminating the Mandarin high level Tone 1 from the high falling Tone 4 and the mid rising 

Tone 2 from the low dipping Tone 3 than other tone pairs. The authors argued that the role of 

pitch in lexical stress in English may have biased English speakers against perceiving some of 
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the fine phonetic differences among Mandarin tones that the French group seemed to perceive. 

However, a study by Qin and Mok (2013) tested naïve Mandarin, English, and French speakers 

on their perception of Cantonese lexical tones using an AX discrimination task and found no 

difference between the English and French groups (p = .99). These different results leave the role 

of the L1 stress system in nonnative tone perception unclear and suggest that the characteristics 

of target language tones may play a greater role in determining perception by naïve listeners. 

How L1 intonational pitch categories influence or do not influence L2 lexical tone 

learning has also been a topic of debate. Hallé et al. 2004 argued that French speakers’ 

experience with French intonational categories did little to help them learn Mandarin tones. On 

the other hand, Francis et al. 2008 contributed English speakers’ high performance at identifying 

the Cantonese mid-rising Tone 2 after training to their familiarity with rising question intonation 

in English. In a study that aimed to more directly address this question, Braun, Galts, and Kabak 

(2014) tested naïve speakers of Japanese, German, and French on their ability to learn the four 

Mandarin lexical tones through a word-picture association task. Japanese exhibits lexical pitch 

contrasts but few utterance-level pitch contrasts. German exhibits lexical word stress that 

includes a secondary pitch cue and a complex set of utterance-level pitch contrasts. French does 

not have pitch or stress contrasts at the lexical level and exhibits few utterance-level pitch 

contrasts. They trained participants to associate pictures of objects with a set of Mandarin-based 

nonwords exhibiting lexical tone contrasts. They then tested participants’ ability to identify 

picture-word matches. Stimuli either matched what they had learned during training or were a 

segmental or tonal mismatch. 

Braun et al. calculated d' scores (z transformations of the hit rate minus the false alarm 

rate) for each group. General linear regression analyses showed that the Mandarin group 
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significantly outperformed each of the other three groups and the German group significantly 

outperformed the Japanese and French groups on tonal mismatches (Chinese vs. Japanese: ß = 

2.44, SE = 0.29, p < 0.0001, Chinese vs. German: ß = 1.35, SE 0.32, p < 0.0005, Chinese vs. 

French: ß = 2.32, SE = 0.29, p < 0.0001, German vs. Japanese: ß = 1.09, SE = 0.32, p < 0.005, 

German vs. French: ß = 0.97, SE = 0.33, p < 0.01). The d' scores of the Japanese and French 

groups did not significantly differ from each other. The authors argued that the more accurate 

performance by German speakers over Japanese and French speakers offers evidence for the 

importance of utterance-level prosody on tone learning. 

Additional research is needed to better understand how the pitch characteristics of non-

tone L1s influence L2 lexical tone learning. Studies such as those by C.K. So and Best (2014), 

Qin and Mok (2013) and Braun, Galts, and Kabak (2014) that compare multiple non-tone L1 

groups are best suited to address this question (Jarvis, 2000). A direct investigation of L1 transfer 

in L2 tone learning is therefore beyond the scope of this dissertation, which only includes 

learners from a single L1 group. Still, it will be important to consider possible influences of 

learners’ L1 Spanish (a non-tone language that, like English, uses pitch as a cue to lexical stress). 

If a particular pattern of tone production is displayed by all learners or by a subset of learners 

with similar proficiency or vocabulary knowledge, the possibility of L1 influence should be 

considered. 

1.2.4 Speakers of non-tone languages can learn to accurately perceive and produce tone 

The studies presented thus far have mostly addressed nonnative lexical tone perception 

and production by naïve listeners with no previous exposure to the target language. This research 

shows an overall advantage for speakers of tone languages, but speakers of non-tone languages 

can learn to accurately perceive and produce tone with sufficient exposure or training. Indeed, 
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several studies have shown that English speakers can improve their perception of nonnative 

lexical tones through auditory training (Cooper & Wang, 2013; Francis et al., 2008; Y. Wang et 

al., 1999b; Wayland & Li, 2008). In these experiments participants usually complete a tone 

identification or discrimination pretest then receive training on the same or similar task with the 

addition of feedback and the opportunity to repeat stimuli. Participants are then tested without 

feedback or repetition again after the training. Cooper and Wang (2013) found that after as little 

as 1.5 hours of auditory training (three 30-minute sessions over an average of seven days), naïve 

English speakers significantly improved their identification of Mandarin tones to the level of the 

English-speaking musicians who were also tested but did not receive training. Wang, Jongman, 

and Sereno (1999, 2003) showed that first year students of Mandarin significantly improved their 

lexical tone identification and production (measured using native speaker judgments) after 

participating in eight 40-minute auditory training sessions over two weeks. They also showed 

that the tone identification gains were retained six months after the training. (Production 

retention was not tested.) 

Other research shows that English speakers can improve their perception of lexical tones 

through exposure to a tonal L2. Guion and Pederson (2007) tested the perception of nine 

synthesized /wa/ syllables carrying tones manipulated for average F0 height and F0 contour by 

naïve English speakers (n = 5) and English speakers with advanced proficiency (n = 5) in 

Mandarin. The advanced Mandarin participants had begun learning Mandarin as adults, had 

studied Mandarin for at least four years, had spent at least six months in a Mandarin-speaking 

country, had experience teaching Mandarin, and were enrolled in graduate study focusing on 

Chinese languages and literatures. Participants were presented with two stimuli and asked to rate 

their similarity on a scale of 1-9. Using multidimensional scaling, a statistical analysis for 
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measuring and visualizing the similarity or dissimilarity of stimuli according to difference 

ratings, they found that the naïve English speakers relied on extremeness (highest or lowest level 

tones) and average F0 in tone discrimination while experienced Mandarin learners relied on 

average F0 and F0 contour, more closely mirroring results on the same task by native Mandarin 

speakers.  

Wu (2012) administered Mandarin tone familiarization and identification tasks to naïve 

English speakers and English-speaking learners of Mandarin who were studying abroad in 

Beijing and had between six months and two years of Mandarin study and immersion. 

Participants completed a Mandarin tone identification task that included both real Mandarin 

words and nonsense words. The results showed that the English speakers with Mandarin 

experience significantly outperformed the naïve English speakers when tone results were 

combined. However, post-hoc analyses by tone showed a significant advantage for the 

experienced group only for the high falling Tone 4.  

Sun (1998) administered a Mandarin tone perception test and two tone production tests to 

42 English-speaking learners of Mandarin at the beginning and end of a semester-long intensive 

Mandarin language program in Beijing. The perception test was a tone identification task in 

which the target stimuli were 288 Mandarin words counterbalanced for word frequency 

(common, uncommon, or nonsense), number of syllables (1-3), tone type (high, rising, dipping-

rising, or falling), and tone position within the word. During the task, participants were provided 

with the segmental information for each item in Hanyu pinyin orthography and asked to indicate 

the tone(s) they heard by providing the missing tonal diacritic(s) on the written word. A five-way 

mixed between-within subjects ANOVA yielded statistically significant main effects for 
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Mandarin enrollment level (F(3,38) = 11.22, p < .01) and time (F(1,38) = 74.62, p < .01) among 

other significant results. 

The production tests included a repetition task and a reading aloud task. The stimuli for 

the repetition task were the same 288 words used in the tone identification task. Participants 

simply heard each item and repeated the word into a recorder. For the reading aloud task, 

participants read a list of 96 “common” and 96 “uncommon” words. Three native speakers of 

Mandarin coded participants’ productions for tone type and the author generated percentage 

accuracy scores for each participant on each task. A set of five-way mixed between-within 

subjects ANOVAs yielded statistically significant main effects for time and Mandarin enrollment 

level on the reading aloud task but not the repetition task (Time, reading: F(1,35) = 9.43, p < .01, 

Enrollment Level, reading: F(3,35) = 4.46, p < .01). 

The fact that Sun found a main effect for Time across all Mandarin tone tasks completed 

by the learners suggests that tone perception and production improved during the semester of 

intensive Mandarin study. Indeed, Sun reported gains in tone identification from the start to the 

end of the semester when the enrollment groups were combined (start: M = 59.6, SD = 302, end: 

M = 66.9, SD = 29.6). She also reported a significant main effect for Mandarin Enrollment Level 

across all tasks except the repetition task, a further indication that learners improved their tone 

perception and production as they gained classroom experience, though these exact numbers are 

not reported.  

In sum, it appears that exposure to a tone language, whether solely through classroom 

instruction or a combination of instruction and immersion, does lead to improved perception and 

production of lexical tones by speakers of a non-tone language. However, more research is 

needed in this area. Because the tasks administered and characteristics of the study participants 



 

 27 

vary widely, it remains unclear how much or what type of classroom exposure is necessary to see 

effects of tone learning. At one end of the spectrum, Cooper and Wang (2013) showed 

improvements in tone perception accuracy after just 1.5 hours of auditory training. At the other 

end of the spectrum, Guion and Pederson (2007) showed persistent tone perception differences 

between Mandarin native speakers and highly proficient Mandarin L2 speakers. 

Furthermore, the different tones of an L2 inventory appear to be differently affected by 

L2 experience. Guion and Pederson (2007) showed that advanced Mandarin learners were more 

sensitive to F0 contour than naïve English listeners. Wu (2012) found that differences between 

naïve English listeners and experienced Mandarin learners were mostly due to the experienced 

learners’ better identification of the falling tone. While Sun (1998) did not find significant 

interactions between testing time and tone nor between Mandarin enrollment level and tone, she 

did report differences in tone suppliance patterns over time and across enrollment levels. For 

instance, she showed that beginning learners were more likely to substitute a level tone in place 

of the rising Tone 2, while experienced Mandarin learners were unlikely to show this pattern but 

were more likely to confuse Tone 2 with the low dipping Tone 3. I elaborate on this issue in the 

next section in which I review the research demonstrating the asymmetries in the acquisition of 

the individual tones of a L2 tone inventory. 

1.2.5 The individual tones of an L2 inventory are not acquired with equal ease 

Most studies of nonnative lexical tone learning have focused either on the influence of 

learners’ L1 on tone learning or on whether tone perception and production improves with 

training or L2 exposure. However, this body of research also reveals a finding that has received 

less direct attention in the literature. The individual tones making up a given target language 

inventory are not perceived or produced with equal ease by L2 learners or naïve listeners. In 
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addition, there are often similarities across L1 groups with regards to which tones are difficult 

and which tones are easy, especially when only non-tone L1s (which are less likely to cause 

interference due to categorical perception of L1 tones) are considered. This suggests that these 

tone asymmetries are not only driven by L1 influence and L2 exposure but also by the particular 

characteristics of the L2 tone system. Table 1.1 summarizes findings from studies of nonnative 

lexical tone acquisition with regards to individual tone asymmetries. 

Table 1.1 Summary of asymmetries in L2 lexical tone learning. 

Target Language Study Participants Findings 

 
Mandarin 
 
 
 
 
 
 
 
 
 

Sun 
(1998) 

English-
speaking L2 
learners 

Learners at four different Mandarin enrollment levels were 
better at identifying Tone 1 and Tone 4 than Tone 2 and Tone 
3 both at the start and end of an intensive semester of 
Mandarin. In a repetition task, all groups showed higher 
accuracy on Tones 3 and 4 than the other two tones at pretest 
and posttest. In a reading task, they showed higher accuracy 
on Tone 1 than the other three tones at pretest and posttest. 

Y. Wang 
et al. 
(1999b) 

English-
speaking L2 
learners 

Participants were least accurate at discriminating Tone 2 from 
Tone 3 and most accurate at discriminating Tone 1 from Tone 
3 both before and after a two-week auditory training. 

Y. Wang 
et al. 
(2003) 

English-
speaking L2 
learners 

Participants were less accurate at producing Tone 3 than other 
Mandarin tones both before and after a two-week auditory 
training. 

Guo & 
Tao 
(2008) 

English-
speaking L2 
learners 

Learners showed the following hierarchy in tone production 
accuracy during oral presentations at the end of the first and 
second semester: Tone 1 > Tone 4 > Tone 2 > Tone 3. 

C.K. So 
& Best 
(2010) 

Naïve 
Cantonese, 
English, and 
Japanese 
speakers 

All groups were most accurate at identifying the Mandarin 
high level Tone 1. Japanese and English speakers showed the 
same accuracy hierarchy: Tone 1 > Tone 3 > Tone 2 > Tone 
4. All three groups showed similar confusion patterns: Tone 2 
for Tone 3, Tone 3 for Tone 2, and Tone 4 for Tone 1. 

Hao 
(2012) 

Cantonese and 
English-
speaking L2 
learners 

Both groups showed confusion between the mid rising Tone 2 
and low dipping Tone 3 and were most accurate at identifying 
and reading words with the high Tone 1 and falling Tone 4.  

Wu 
(2012a) 

English-
speaking L2 
learners 

English speaking learners of Mandarin were better at 
identifying Tone 4 than the other three Mandarin tones. 

X. Wang 
(2013) 

Naïve English 
and Japanese 
speakers 

Both groups identified Tone 3 more accurately than the other 
three Mandarin tones before and after an auditory training. 

C.K. So 
& Best 
(2014) 

Naïve English 
and French 
speakers 

Both groups were less accurate at discriminating Mandarin 
Tone 1-Tone 4 and Tone 2-Tone 3 than other tone pairs. 

Tsukada 
et al. 
(2014) 

Naïve English 
speakers 

Participants were better at discriminating Tone 3-Tone 4 and 
Tone 1-Tone 3 than other tone pairs. 
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Table 1.1 (Cont.)  

Target Language Study Participants Findings 

Cantonese 

Francis et 
al. (2008) 

Naïve English 
speakers 

Both before and after auditory training, participants 
identified Tone 2 with the greatest accuracy (97% pretest, 
100% posttest), followed by Tone 3 (89% pretest, 99% 
posttest), Tone 1 (86% pretest, 95% posttest), Tone 4 
(61% pretest, 74% posttest), Tone 5 (45%, 77% posttest), 
and Tone 6 (18% pretest, 51% posttest). 

Qin & Mok 
(2013) 

Naïve English and 
French speakers 

Both groups most accurately discriminated tone pairs that 
involved Tone 1 

Qin & 
Jongman 
(2016) 

Naïve English and 
Mandarin 
speakers; English 
L2 learners 

All groups were significantly better at discriminating 
Tone 1 from Tone 6 than Tone 3 from Tone 6 and at 
discriminating Tone 2 from Tone 1 than Tone 2 from 
Tone 6. 

Thai 

Schaefer & 
Darcy 
(2014b) 

Naïve English, 
Japanese, Korean, 
and Mandarin 
speakers 

Participants were less accurate in discrimination of the 
Thai low versus mid and high versus rising tones than 
other tone pairs. 

Burnham et 
al. (2014) 

Naïve Cantonese, 
English, 
Mandarin, and 
Swedish speakers 

Participants were better at discriminating Thai tone pairs 
involving rising tones than those involving falling tones. 

Reid et al. 
(2015) 

Naïve Cantonese 
and Mandarin 
speakers 

Participants were better at discriminating Thai tone pairs 
involving rising tones than those involving falling tones. 

 
Studies of Mandarin tone perception and production show similar tone asymmetry 

patterns across L1 groups. Naïve listeners show the greatest accuracy at identifying the high 

level Tone 1 and the low dipping Tone 3 but confuse Tone 1 and the high falling Tone 4 (C.K. 

So & Best, 2010; Wang, 2013), and both naïve listeners and L2 learners of Mandarin confuse 

Tone 2 and Tone 3 (Hao, 2012; C.K. So & Best, 2010, 2014; Tsukada, Xu, & Rattasone, 2014; 

Wang, Jongman, Spence, & Sereno,1999). The asymmetries are similar for perception and 

production. Mandarin learners are most accurate at both perceiving and producing Tone 1 and 

Tone 4 and least accurate at perceiving and producing Tone 2 and Tone 3. However, tone 

asymmetry patterns may differ depending on the nature of the task. For reading-based tasks, 

Mandarin learners struggle to produce Tone 3 more than other tones, including Tone 2 (Guo & 

Tao, 2008; Hao, 2012; Sun, 1998; Wang, Jongman, & Sereno, 2003), but (Sun 1998) showed 

that learners were most accurate at producing Tone 3 and Tone 4 during an oral repetition task. 
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Naïve listeners of Cantonese are best at perceiving tones that involve a high pitch target, 

particularly the high level Tone 1 and the mid rising Tone 2 (Francis et al., 2008; Qin & Mok, 

2013; Qin & Jongman, 2015). However, naïve English speakers, naïve Mandarin speakers, and 

English-speaking learners of Mandarin are all better at discriminating the high level Tone 1 from 

the mid rising Tone 2 than discriminating Tone 2 from the low level Tone 6, despite the fact that 

both Tone 1 and Tone 2 involve a high pitch target (Qin & Jongman, 2015). Naïve listeners of 

Thai are more accurate at discriminating tone pairs involving rising tones than tone pairs 

involving falling tones (Burnham et al., 2014; Reid et al., 2015), though they do show some 

confusion between the high tone and the rising tone (Schaefer and Darcy, 2014b).  

Overall, these findings reveal several language-specific differences. Naïve Thai listeners 

exhibit confusion between the high tone and rising tone, while no such confusion is reported for 

Cantonese or Mandarin. Naïve Mandarin listeners confuse the high tone and the falling tone, 

while this finding has not been reported for Thai or Cantonese. However, the fact that naïve 

listeners are most successful at perceiving tones with high pitch targets and/or rising contours in 

Thai, Cantonese, and Mandarin suggests a possible language-independent pattern. To my 

knowledge, the tone asymmetries reported here have not been the focus of any investigation of 

L2 lexical tone learning, but this dissertation explores potential explanations. 

1.3 Chapter summary and implications for the current study 

In this introductory chapter I have summarized the major findings that have emerged 

from research on the acquisition of lexical tone in a nonnative language or L2. This research 

reveals that naïve listeners and L2 tone language learners perceive and produce tone differently 

depending on whether or not their L1 is a tone language. While studies show an advantage for 

speakers of tone languages on some measures (Lee, Vakoch, & Wurm,1996; Schaefer & Darcy, 
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2014a, 2014b), speakers of a tonal L1 tend to assimilate nonnative tones to their L1 tone 

categories, and this can lead to perception and production errors in a L2 (Hao, 2012; C.K. So & 

Best, 2010, 2014). A major difference between speakers of tone L1s and speakers of non-tone 

L1s is that speakers of tone L1s perceive L2 tones categorically, at least at early stages of 

exposure, while speakers of non-tone L1s perceive the pitch characteristics of L2 tones more 

continuously (Hallé, Chang, & Best, 2004; Peng et al. 2010; Xu, Gandour, & Francis, 2006).   

Still, it is not necessarily the case that a non-tone L1 has no influence over L2 lexical tone 

learning. Languages like English, Spanish, and German that use pitch as a cue to lexical stress 

may induce some level of categorical pitch perception and bias speakers against perceiving some 

of the fine phonetic differences among lexical tones that speakers of languages with no lexical 

role for pitch (e.g., French) can perceive (C.K. So & Best, 2014). The utterance-level role of 

pitch in a L1 may also influence L2 lexical tone learning, but the exact nature of these effects, 

and whether they represent an advantage or disadvantage for learners, is not clear (Braun, Galts, 

& Kabak, 2014). Regardless of the influence a learner’s L1 may have on L2 lexical tone 

learning, learners’ perception and production of L2 tone improves with exposure to a L2 and as a 

result of auditory training.  

Further investigation of L1 influence on L2 tone learning is beyond the scope of the 

current study as multiple L1 groups are required to best address this issue. However, the findings 

reviewed have two potential consequences for speakers of non-tone L1s learning the lexical 

tones of a L2. First, speakers of non-tone L1s can perceive many differences among nonnative 

lexical tones even without exposure to a tone language. Second, L2 tone perception and 

production improves with exposure to a tone L2, though little is known about the nature of this 

process or the mechanisms underlying it. Third, even if learners can accurately perceive 
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differences among lexical tones, it does not necessarily follow that they will be able to accurately 

incorporate the tones into their L2 phonological systems or use them accurately in word 

production.  

The remainder of this dissertation focuses on potential explanations for the finding that 

both naïve listeners and L2 learners of tone languages display asymmetries with regards to the 

accurate perception and production of the individual tones of the L2 inventory. These differences 

are apparent within groups of participants who share a common L1 as well as across groups of 

participants with different L1s, which suggests that the asymmetries are driven by the particular 

characteristics of the L2 tone system. While it is no longer true that we know “essentially 

nothing” about nonnative tone acquisition (Yip, 2002, p. 309), it is fair to say that we know 

essentially nothing about why L2 tone learners perceive and produce the different tones of a L2 

with differing accuracy at different time points during development. This is in part because 

studies on nonnative tone learning have focused on just a few tone languages, particularly 

Cantonese, Mandarin, and Thai. The current study expands research on L2 tone learning to a 

language that is particularly suited to address the question of tone asymmetries due to its large 

tone inventory and the range of acoustic differences represented in the inventory (see Chapter 3, 

Section 3.2.4). Based on the studies reviewed in this introductory chapter along with research on 

L1 tone acquisition and L2 phonology more generally, Chapter 2 reviews literature to motivate 

two hypotheses that may explain these tone asymmetries 
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CHAPTER 2: LITERATURE REVIEW 

Chapter 1 concluded with a discussion of previous research on L2 tone acquisition 

showing that learners do not perceive and produce the individual tones of an L2 inventory with 

equal ease. Asymmetric patterns of tone acquisition emerge both within and across L1 groups. 

The goal of this dissertation is to test whether similar patterns emerge when the target language 

is Macuiltianguis Zapotec, a tone language spoken in Mexico, and, if so, to investigate a set 

factors of factors that may explain the asymmetries. I classify these explanatory factors under 

two major hypotheses: the acoustic salience hypothesis and the input frequency hypothesis. In 

this chapter, I review the literature that motivates these two hypotheses. Section 2.1 covers the 

hypothesis that asymmetries in L2 tone acquisition are predictable from differences in the 

acoustic salience of different tones. Section 2.2 discusses the hypothesis that asymmetries in L2 

tone acquisition are predictable from the differences in the frequency of tones in learners’ input. 

Section 2.3 summarizes the motivations for the two hypotheses and anticipates how they may 

interact or mediate one another in the current study. 

2.1 Acoustic salience in L2 lexical tone learning 

Acoustic salience likely plays an important role in determining the timing of [native and 

nonnative] phonetic development. — Yeung, Chen, & Werker, 2013, p. 123. 

Acoustic salience refers to the way the pitch, amplitude, temporal, and spectral features 

of a given language sound affect its audibility. Sounds that are higher-pitched, louder, longer, 

and noisier than the other sounds in a language’s inventory tend to be easier to perceive. The 

notion of acoustic salience as presented in this dissertation is similar to what Henke, Kaisse, and 

Wright (2012) call cue robustness, defined as “the degree to which the presence of a segment, 

and that segment’s contrastive information, is likely to be apprehended by a listener under 
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normal listening conditions” (pp. 72-73). As is the case for Henke, Kaisse, and Wright (2012), 

most definitions of acoustic salience are concerned with phonological segments, i.e., the sounds 

that make up a language’s phonemic inventory, rather than suprasegmental phonological units 

such as tones. However, many studies of tone learning do acknowledge the potential role of 

acoustic salience. Liu and Kager (2014) showed that Dutch monolingual and bilingual infants 

could consistently discriminate acoustically salient tonal contrasts of Mandarin by age 0;5, but 

that they showed a U-shaped developmental curve for a contrast with less extreme pitch 

contours. They argued that the different pitch characteristics of tones differentially affect how the 

perceptual system reorganizes to adopt tone contrasts into the phonological system. Other studies 

of lexical tone learning similarly mention the role of acoustic salience in the discussion of the 

findings, and throughout this section I draw on such observations to outline a definition of 

acoustic salience as it pertains to the acquisition of lexical tone.  

Acoustic salience may be especially important for L2 tone acquisition by speakers of 

non-tone L1s for two reasons. First, the hypothesis that L2 learners best learn grammatical 

features, especially those not present in their L1, when they are “consciously registered” has 

accumulated a range of empirical support within the field of SLA (e.g., Bergsleithner, Frota, & 

Yoshioka, 2013; Schmidt, 1990, 2001, 2010). There is evidence that this principle extends to the 

acquisition of L2 sounds. Guion and Pederson (2007) found that English speakers who were 

directed to attend to a Hindi phonetic contrast performed better on a discrimination posttest than 

participants directed to attend to sound-meaning correspondences. Second, as described in 

Chapter 1, Section 1.2.2, non-tone L1 speakers may actually be more sensitive than tonal L1 

speakers to gradient differences in fundamental frequency (F0), at least at early stages of 

acquisition (Burnham et al., 2014; Hallé et al., 2004; Kaan et al., 2008; Peng et al., 2010b; Reid 
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et al., 2015; Xu et al., 2006). Because these learners are not biased towards a phonological role 

for pitch at the lexical level, they are more of a blank slate, perceptually speaking, and therefore 

are more attuned to the psychoacoustic characteristics of pitch than to its linguistic function in 

the L2. In this section, I provide an overview of research that has found a role for acoustic 

salience in L2 tone learning and processing, with an emphasis on speakers of a non-tone L1s 

(most of whom have been English speakers). This research shows that high pitch targets, rising 

pitch contour, long tone duration, the presence of vowel phonation, and acoustic difference to 

other tones in the inventory can all contribute to a tone’s acoustic salience. I conclude this 

section with a discussion of the implications of these findings for the current study. 

2.1.1 Pitch height 

Several studies have found that speakers of non-tone languages attend to pitch height 

when asked to identify or discriminate lexical tones. In these studies, pitch height generally 

refers to the average F0 across the duration of a tone. Gandour (Gandour, 1983) was the first to 

report this finding. He tested speakers of Cantonese, Mandarin, Taiwanese, Thai, and English on 

their discrimination of synthesized /wa/ syllables carrying tones manipulated for average F0 

height and F0 contour. Participants were presented with two stimuli and asked to rate their 

similarity on a scale of 1-9. Using multidimensional scaling, a statistical analysis for measuring 

and visualizing the similarity or dissimilarity of stimuli according to difference ratings, he found 

that English speakers grouped stimuli based on the average F0 of the tone. Mandarin, Taiwanese 

and Thai speakers grouped tones according to their F0 contour, and Cantonese speakers used 

both average F0 and F0 contour. In a partial replication of Gandour (1983), Huang and Johnson 

(2010) asked Mandarin and English speakers to rate the similarity of the four Mandarin tones. 

They again found that English speakers used average F0 over F0 contour. The researchers 
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suggested that this finding is related to English speakers’ lack of experience with lexical tone 

contrasts but did not further speculate about precisely why speakers lacking experience with 

lexical tone would attend to pitch height over pitch contour. 

Further research has confirmed the finding that naïve speakers of non-tone languages 

attend more to F0 height than F0 contour and also found that these speakers tend to perceive 

tones with high pitch targets better than tones with low pitch targets. Francis et al. (2008) 

investigated the native and nonnative perception of Cantonese tones. Groups of Cantonese, 

Mandarin, and English speakers completed a pre- and post-training identification task and 

difference rating task in which they rated the similarity of Cantonese tones (two at a time) on a 

scale of 1-10. The training involved teaching participants to recognize the six Cantonese lexical 

tones via the same identification task with yes/no feedback and the option for repetition. 

Confirming the findings of Gandour (1983), a multidimensional scaling analysis showed that 

English speakers relied more on average F0 while Mandarin speakers relied more on F0 contour 

in making similarity judgments at the pretest. At the posttest, both groups of participants had 

increased their reliance on F0 height, with English speakers showing an even greater reliance on 

F0 height than Cantonese speakers.  

On the identification task, both English and Mandarin speakers showed significant 

improvement after the training. However, the results differed across tone types. At both the 

pretest and posttest, English speakers identified the mid rising Tone 2 with the greatest accuracy 

(97% pretest, 100% posttest), followed by the mid level Tone 3 (89% pretest, 99% posttest), the 

high level Tone 1 (86% pretest, 95% posttest), the low falling Tone 4 (61% pretest, 74% 

posttest), the low rising Tone 5 (45%, 77% posttest), and the low level Tone 6 (18% pretest, 51% 

posttest). These accuracy patterns show a tendency towards greater accuracy on tones that 
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involve a high pitch target and lower accuracy on tones that involve a low pitch target. Qin and 

Mok (2013) found a similar result for Cantonese tone perception. They found that naïve English 

and French speakers most accurately discriminated tone pairs that involved the Cantonese high 

level Tone 1 and attributed this result to the fact that Tone 1 stands apart from the other 

Cantonese tones in the inventory and is therefore more perceptually salient. 

Other research has shown that Mandarin L2 learners produce the high level Tone 1, 

which has the greatest average F0 of the four Mandarin tones, more accurately than the other 

tones in the Mandarin tone inventory, at least at early stages of acquisition. Y. Wang et al. (2003) 

investigated whether training English speakers to perceive Mandarin tones would also improve 

their tone production. The participants were 16 American students who had taken one or two 

semesters of Mandarin at the university level, half of whom received training on tone perception 

over two weeks. The learners were recorded reading a list of 80 Mandarin words before a tone 

perception pretest and after a tone perception posttest (20 words for each of the four Mandarin 

tones). Each learner’s productions were evaluated by five native Mandarin speakers via a tone 

identification task in which they judged learners’ productions as one of the four Mandarin tones 

or “none” (which judges chose for only 2.7% of learners’ productions). The results showed that 

participants performed better on the high level Tone 1 than the other three tones at both pretest 

and posttest, and analyses also showed a main effect for tone (F(3,28) = 7.45, p < .001), though 

post-hoc comparisons of Tone 1 against the other three tones were not reported. Acoustic 

analyses of participants’ productions as compared to native speaker norms (normalized averages 

from four Mandarin speakers) showed that learners’ productions of Tone 1 were quite accurate at 

both the pre and posttest, with tone onsets and offsets in the high F0 range and a generally level 
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shape. This result suggests that a high average F0 across a tone may make it more acoustically 

salient to learners of tone languages in comparison with the other tones of the target language. 

These findings mirror studies of L1 acquisition showing that children acquiring tone 

languages accurately produce high tones first and sometimes overgeneralize substituting high 

tones for other tones of the inventory. Studies of tone development among Cantonese and 

Mandarin-speaking children have consistently shown that high tones are acquired first (Clumeck, 

1980; C. N. Li & Thompson, 1977; L. K. So & Dodd, 1995; Tse, 1978). Clumeck (1980), for 

instance, showed that by age 2;0, Mandarin-speaking children produced high tones at nearly 

100% accuracy while accuracy on the other Mandarin tones was achieved later.  

To summarize, two observations can be made with regards to the acoustic salience of 

pitch height for lexical tone learning. First, naïve speakers of non-tone languages rely on pitch 

height over pitch contour in their perception of lexical tones, while speakers of tone languages 

rely on both pitch height and pitch contour. This suggests that learners in the early stages of 

acquiring a tonal L2 may show greater accuracy in producing the pitch height cues of the L2 

tones than the pitch contour cues. Second, naïve adult listeners and L2 learners of tone languages 

tend to perceive and produce tones with high pitch targets better than tones with low pitch 

targets, mirroring findings from L1 tone acquisition studies. 

2.1.2 Pitch contour 

Pitch contour encompasses a set of dimensions related to changes in F0 across the 

duration of a tone. These can include pitch direction (rising or falling), the magnitude of the pitch 

slope, and the timing of the pitch change or changes. Related to the finding that English speakers 

attend to pitch height when asked to identify or discriminate lexical tones, research shows that 

naïve English speakers do not attend to pitch contour in tone perception as much as native 
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speakers of tone languages do. Gandour’s seminal (1983) study showed that English speakers 

grouped stimuli based on average F0 height in their judgments, while Mandarin, Taiwanese and 

Thai speakers relied on F0 contour, and Cantonese speakers relied on both. 

The finding that English speakers do not attend to pitch contour to the same degree as 

tone language speakers was further confirmed in a series of neurological, event-related potential 

(ERP) studies with adult Mandarin and English speakers using passive oddball paradigms that 

contrasted the Mandarin high level Tone 1, mid rising Tone 2, and low dipping Tone 3 

(Chandrasekaran, Gandour, & Krishnan, 2007; Chandrasekaran, Krishnan, & Gandour, 2007a). 

Tones 1 and 2 are more similar with regard to F0 height while Tones 2 and 3 are more similar 

with regards to F0 contour. Chandrasekran and colleagues found that a contrast between level 

(Tone 1) and contour (Tone 2 or Tone 3) tones elicited a larger average mismatch negativity for 

Mandarin speakers than for English speakers, indicating that Mandarin speakers were more 

sensitive to differences in F0 contour than English speakers. In a follow up study, 

Chandrasekran, Krishnan, and Gandour (2007b) again used the Mandarin high level and mid 

rising tones, but also synthesized a third tone that had a linear pitch shape but the same F0 onset 

and offset as the mid rising tone. They found that the contrast between the high level Tone 1 and 

the linear version of Tone 2 elicited significantly smaller mismatch negativity responses among 

Mandarin speakers than the Tone 1 and natural Tone 2 contrast, while English speakers showed 

no difference between conditions. This suggests that Mandarin speakers are not only sensitive to 

the change in pitch slope but pitch shape or timing, while English speakers are not differently 

sensitive to these dimensions. 

Additional research has confirmed that naïve English speakers attend to F0 height over 

F0 contour when perceiving lexical tones but has found that this changes with exposure to a tone 
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language. In a partial replication of Gandour (1983), Guion and Pedersen (2007) confirmed 

Gandour’s finding that monolingual English speakers relied on average F0 height in 

discriminating tones but showed that English speakers with advanced proficiency in Mandarin 

had additionally learned to make use of F0 contour cues. Qin and Jongman (2016) found that 

Mandarin L2 learners with around two years of instruction significantly outperformed naïve 

English speakers in discriminating Cantonese contour tones from level tones. Maddox, 

Chandrasekaran, Smayda, and Yi (2013) further found that this experience-related improvement 

may be mediated by age. In their study, younger (ages 18-35) and older (average age 68) English 

speaking adults completed a Mandarin tone identification task in which they received yes-or-no 

plus corrective feedback. While both groups initially showed a reliance on F0 height in their 

identifications, the younger group learned to use F0 contour as a cue in tone perception over the 

course of the task while the older group did not.  

For groups of speakers that do attend to pitch contour (speakers of a tone language as an 

L1 and speakers of a non-tone L1 with some experience learning a tonal L2), not all pitch 

contours are perceived or produced with equal facility. Speakers of a non-tone L1 with 

experience learning a tonal L2 show evidence of a bias towards early accurate perception and 

production of rising tones over falling tones. Francis et al. (2008) showed that naïve English 

speakers identified the Cantonese mid rising Tone 2 at a rate of 97% before a tone recognition 

training and at ceiling after the training, a pattern not seen for any of the other tones in the 

Cantonese tone inventory.  

Additional evidence for a bias towards rising tones in nonnative tone perception comes 

from research on Thai. Standard Thai has five tones, Low, Mid, High, Falling, and Rising. Reid 

et al. (2015) used the PAM (Best, 1995) to investigate Thai tone perception among naïve 
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Mandarin, Cantonese, and Australian English speakers. They found that for the English-speaking 

participants the Thai tones were largely uncategorized, meaning that speakers showed variation 

in their ability to discriminate different pairs of Thai tones and did not consistently assimilate the 

tones to English intonation patterns. As a group, English speakers were significantly more 

accurate at discriminating rising tones from high tones than falling tones from mid tones. 

Burnham et al. (2014) found a similar result in their investigation of Thai tone perception among 

naïve Cantonese, Mandarin, Swedish, and English speakers. They showed that across language 

groups participants were better at discriminating Thai tone pairs involving rising tones than those 

involving falling tones (F (1,179) = 69.52, p < .001, partial η2 = 0.28). 

A bias towards accurately perceiving L2 rising tones at higher rates than falling tones is 

in line with evidence that changes in pitch slope are easier to detect for rising tones than for 

falling tones, that listeners group rising tones separately from all non-rising tones on difference 

rating tasks, and that rising tones tend to be longer than falling and level tones which can further 

add to their acoustic salience (Gandour, 1978; Krishnan, Gandour, & Bidelman, 2010; Krishnan, 

Xu, Gandour, & Cariani, 2005; Politzer-Ahles, Schluter, Wu, & Almeida, 2016). Krishnan and 

colleagues have also found neurological evidence for an asymmetry in rising tone perception 

using human frequency following response (FFR), a measure of electrophysiological activity in 

the auditory brainstem. Krishnan et al. (2005) observed greater FFR representation in the 

dominant region for pitch in response to rising contours than in response to falling contours for 

both English speakers and Mandarin speakers. 

While studies of Cantonese and Thai tone perception demonstrate a perceptual advantage 

for rising tones over falling and level tones, studies of Mandarin tone perception complicate this 

picture. There does seem to be a perceptual advantage for the low dipping Tone 3 at least among 
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naïve and native listeners, but there is no clear perceptual advantage for the mid rising Tone 2 

over the other tones. X. Wang (2013) tested 37 Hmong, 22 Japanese, and 20 English native 

speakers on Mandarin tone identification and found that speakers in all three groups were 

significantly more accurate in identifying the Mandarin low dipping Tone 3 than other tones (p = 

.000, no group means or effect size reported) but found no other significant differences in two-

way tone comparisons. Wang proposed that the multiple pitch movements and long duration 

associated with Tone 3 make it more acoustically salient than the other Mandarin tones. Tsukada 

et al. (2014) also found an advantage for Tone 3 in their study of Mandarin tone discrimination 

among Cantonese heritage speakers and Australian English monolinguals. Results from an AXB 

discrimination task showed that both groups discriminated pairs of tones involving Tone 3 better 

than other pairs, with the most accurate discrimination found for the comparison between Tone 3 

and the high falling Tone 4 (Mean A-prime discrimination scores with SD in parentheses: T1-T2 

.62 (.17); T1-T3 .83 (.12); T1-T4 .65 (.16); T2-T3 .66 (.11); T2-T4 .66 (.22); T3-T4 .89 (.07)).  

Politzer-Ahles et al. (2016) found that native Mandarin speakers and naïve listeners (with 

different L1 backgrounds but no prior tone language experience) exhibited asymmetric mismatch 

negativity responses related to Mandarin Tone 3 but not other Mandarin tones. In a passive 

oddball paradigm, when Tone 3 was the standard and another tone the deviant, the mismatch 

negativity responses were smaller compared to the reverse case. They did not find such 

asymmetries for tone pairs that did not involve Tone 3. That is, the asymmetry was not found for 

the mid rising Tone 2. Drawing on previous research on asymmetries in mismatch negativity 

responses to phonological stimuli, the authors suggested that the result was due to the acoustic 

salience of Tone 3 relative to the other Mandarin tones. Like X. Wang (2013), the authors 

suggested that Tone 3’s multiple pitch movements, or “complex falling-rising contour” (p. 1557) 
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make it more salient than the other Mandarin tones. Taken together, these studies complicate the 

picture of whether a rising pitch contour alone makes a tone more acoustically salient or aids in 

tone learning. 

Interestingly, additional studies suggest that the Tone 3 advantage reported by X. Wang 

(2013), Tsukada et al. (2014), and Politzer-Ahles et al. (2016) may disappear with further 

exposure to Mandarin. C.K. So and Best (2010) investigated the ability of naïve Cantonese, 

English, and Japanese speakers to identify Mandarin tones after a self-paced familiarization task 

during which participants learned the labels for the four Mandarin tones as heard on three 

different syllables (chi, cha, and chu). They then completed a four-alternative forced-choice 

identification task in which they listened to a stimulus and had to choose a tone label for the 

stimulus. The results showed that all groups were most accurate at identifying the high level 

Tone 1 and showed the highest rate of confusion between Tone 2 and Tone 3.  

Studies of tone perception among English-speaking L2 learners of Mandarin have found 

mixed results but no advantage for Tone 3 nor for Tone 2. Hao (2012), in a study of Mandarin 

L2 learners, found that English speakers with an average of 2.68 years studying Mandarin were 

significantly more accurate on Tones 1 and 4 than Tones 2 and 3 on identification, mimicking, 

and reading tasks (p < .01 in all cases, actual group means by tone and effect sizes not reported). 

Wu (2012) tested English-speaking learners of Mandarin who were studying abroad in Beijing 

and had between six months and two years of Mandarin study and immersion on their 

identification of Mandarin tones. Wu reported that these learners were also significantly better at 

identifying Tone 4 than the other three Mandarin tones (main effect for Tone: F(3,57) = 11.4, p 

<.0001), partial η2 = .161; post-hoc analyses of Tone 4 versus other tones: p < .01 in all cases, 

actual group means by tone not reported). These studies show that, in contrast to naïve Mandarin 
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listeners who display the greatest accuracy in perceiving Tone 3, L2 Mandarin learners are best 

at perceiving Tone 4 (in both Hao, 2012 and Wu, 2012) and Tone 1 (in Hao, 2012 only). These 

studies further show that learners with some exposure to Mandarin tend to confuse Tone 2 and 

Tone 3, which researchers attribute to the fact these tones have a similar pitch shape, and that 

Tone 3 undergoes a sandhi process that makes it sound more like Tone 2 in some positions (e.g., 

Clumeck, 1980). 

I have discussed the potential relationship between pitch contour and tone perception, but 

pitch contour may also influence L2 tone production. Wang, Jongman, and Sereno’s (2003) 

study of Mandarin tone production by English speakers before and after perception training 

showed that for the mid rising Tone 2, learners’ productions at pretest differed from native 

speaker productions in that F0 peaked at the tone onset and the F0 offset did not rise as high as 

the native targets. The authors compared participants’ pre and posttest productions using a two-

way repeated measures ANOVA with a deviation score calculated as the normalized difference 

between the native norm and learners’ productions at five positions across the tone (0%, 25%, 

50%, 75%, and 100%). The results showed that with training learners significantly improved in 

their production of Tone 2, and average pitch tracks show that their productions at posttest more 

closely resembled the pitch shape of the native speaker norm.  

The same study also found that participants’ productions of the low dipping Tone 3 

improved after the training. Although the F0 onset and offset were near the native norm at 

pretest, learner productions did not reach the low F0 target in the middle of the tone, and they 

also differed from the native speaker norm in terms of the timing of the dip. However, an 

ANOVA of the pitch deviation scores again revealed significant improvement on Tone 3 at 

posttest, and the averaged pitch tracks show that this improvement can largely be attributed to an 
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improvement in the timing of the F0 dip. Overall, the authors took the results of the acoustic 

analysis as evidence that the perceptual training resulted in improvements in the pitch contours 

of learners’ tone productions. 

The mixed findings related to rising tones in Mandarin tone acquisition could be related 

to the particular acoustic characteristics of Mandarin tones. The fact that studies of Mandarin 

tone perception among naïve listeners tend to show an advantage for the low dipping Tone 3 but 

not the mid rising Tone 2 could be attributable to the fact that Tone 3 is longer than other tones 

and is associated with multiple pitch movements (Politzer-Ahles et al., 2016; X. Wang, 2013) 

and glottalized vowel phonation (Tsukada et al., 2014) (see Sections 2.1.3 and 2.1.4). However, 

rising tones show a perceptual advantage over falling tones even when duration is normalized 

(Krishnan et al., 2005). In sum, although a number of studies suggest that rising tones are 

perceived and produced by nonnative listeners earlier or more accurately than level or falling 

tones, research on Mandarin tone acquisition suggests that other acoustic factors may be equally 

or more important for determining a tone’s perceptual salience. 

2.1.3 Duration 

Although pitch height and pitch contour are considered the primary acoustic 

characteristics of tone, the duration of the vowel bearing the tone is an important secondary cue 

that can contribute to the contrastiveness of the tones in a language’s tone inventory. Studies of 

native language tone perception have shown that when duration cues are removed, listeners’ 

ability to identify tones worsens, and at the same time, duration aids listeners in tone 

identification when the F0 information about tones is neutralized (Blicher, Diehl, & Cohen, 

1990; S. E. Chang, 2013; S. Liu & Samuel, 2004). Rising tones are generally longer than falling 

tones in production (Gandour, 1977; Kong, 1987; Tsukada, Burnham, Luksaneeyanawin, 
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Krachaikiat, & Rungrojsuwan, 2004), though both rising tones and falling tones are perceived as 

longer than level tones of the same duration regardless of the direction of the pitch contour 

(Gruenenfelder & Pisoni, 1980). Duration is therefore likely to contribute to the acoustic salience 

of rising tones discussed in the previous section. Indeed, the advantage reported for low dipping 

Tone 3 in Mandarin over the mid rising Tone 2 could be in part because Tone 3 has a longer 

duration than Tone 2 (e.g., Tsukada et al. 2014). 

Evidence for a unique role of duration in L1 tone acquisition comes from a study by Tsay 

(2001), who examined a child’s acquisition of tone in Taiwanese. Taiwanese is described as 

having seven tones. Two of these are short tones that only occur on “checked” syllables that end 

in a voiceless stop referred to as Rusheng or “entering” tones. The remaining five are non-

Rusheng or long tones that can occur on any non-checked syllable. Tsay showed that throughout 

the child’s phonological development, he maintained the durational distinction between Rusheng 

and non-Rusheng tones, even when the pitch contour of the Rusheng tones was judged to be non-

adultlike, and when codas on Rusheng-toned syllables were dropped. Tsay argued that children 

acquire tone categories using whatever phonetic details are perceivable to them even before the 

full adultlike system is acquired.  

Many laboratory studies of nonnative tone perception normalize stimuli duration in an 

effort to focus on pitch cues, and most studies of naturalistic L2 tone acquisition do not 

systematically parse out duration from other acoustic correlates of tone. However, additional 

insight about the role of duration in nonnative tone learning can be gained from studies of the 

acquisition of vowel length differences in languages that use vowel length contrastively. Studies 

show that adults are sensitive to vowel duration contrasts in an L2 even if vowel length is not 

used for lexical contrast in their L1. Menning, Imaizumi, Zwitserlood, and Pantev (2002) studied 
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German speakers’ discrimination of Japanese vowel duration before and after a training period. 

Vowel length is a primary cue to lexical contrast in Japanese, e.g., ku ‘district’ versus kuu ‘void’ 

(Labrune, 2012). In German, vowel length can serve as a secondary cue to lexical differences in 

stress and to phonemic differences in consonant duration. During the 10-day training period, 

participants engaged in a daily discrimination task and received yes/no feedback. They found 

that the German participants initially performed only slightly greater than chance on the 

discrimination task but significantly improved from the first training to the last training to nearly 

80% accuracy, even for small durational differences. This suggests that adults are able to 

discriminate vowel duration in an L2 with minimal exposure.  

In addition to learning to perceive lexical vowel length distinctions, L2 learners can also 

learn to produce them. Mah and Archibald (2003) used an elicited reading task to investigate an 

English speaker’s acquisition of the Japanese vowel length contrast over a period of six months 

in which the learner attended Japanese classes for four hours each week. They showed that the 

learner consistently produced contrastive vowel length in Japanese after four months of classes, 

though she did not control of the timing of the Japanese length contrasts in the same way as 

Japanese native speakers and did not significantly improve between four and six months of 

exposure. Okuno and Hardison (2016) tested English-speaking learners of L2 Japanese (first 

through fourth year students) on their production and identification of Japanese words with short 

and long vowels before and after a perceptual training. Learners reached around 70% 

identification accuracy at pretest, and this significantly improved at posttest to 88% for a group 

who received only auditory feedback during training and 97% for a group who received both 

auditory and visual feedback. Taken together these studies suggest that adults are sensitive to 
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vowel length differences in an L2 and can learn to produce and perceive them after minimal 

exposure.  

In sum, vowel duration can be an important cue to lexical tone contrasts. While there is 

no previous research directly investigating the role of duration in L2 lexical tone learning, Tsay’s 

(2001) study showed that a child who was learning Taiwanese as an L1 produced the durational 

distinction among Taiwanese tones before accurately producing the pitch contrasts. Studies of 

the L2 acquisition of vowel length contrasts in Japanese offer additional evidence that L2 

learners can learn to perceive and produce contrastive vowel duration differences in an L2 after 

minimal target language exposure. It is therefore likely that L2 learners will be sensitive to the 

durational cues involved in lexical tone contrasts.  

2.1.4 Vowel phonation 

A final factor hypothesized to affect the salience of lexical tones for L2 learners is the 

presence of vowel phonation such as breathy voice, creaky voice, and other forms of 

glottalization. There is a well-established, though complex, cross-linguistic relationship between 

glottalization and pitch, depending on how the glottalization is produced (e.g., Morén & Zsiga, 

2006). Vowels checked with a glottal stop have been shown to give way to high tones in 

historical sound changes (Kingston, 2011; Uchihara, 2016), arguably due to the fact the vocal 

folds are stiffened in the production of both glottal stops and high pitch. On the other hand, 

creaky voice is a different form of glottalization that is easier to produce at lower frequencies 

(Gussenhoven, 2004). Yu and Lam (2014) showed that native Cantonese listeners are sensitive to 

the creaky voice cue that appears optionally on the Cantonese low falling Tone 4. They found 

that the presence of glottalization increased tone identification accuracy for Tone 4 and made 

participants more likely to identify other tones as Tone 4. 
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At least one study of L2 lexical tone learning suggests a role for vowel phonation as a cue 

to learning tone contrasts. Nguyen and Macken (2008) investigated tone perception and 

production among speakers of American English who were participating in an 8-week intensive 

Vietnamese course (N=6, two each at beginner, intermediate, and advanced levels of 

Vietnamese). Vietnamese has a high level tone and five contour tones that are analyzed as 

belonging to either a high or low register. Two of the contour tones are glottalized, two are 

breathy, and one is modal (i.e., produced without phonation). The authors employed four 

different experimental tasks: a conversation task, a picture-naming task, a repetition task, and a 

tone recognition perception task. Two native speakers of Vietnamese coded the results for 

accuracy. The authors found that errors on glottalized contour tones were significantly less 

frequent than errors on modal-voiced contour tones. They hypothesized that the additional voice 

quality cue increased the salience of these tones making it easier to determine tone contrast and 

thereby aiding in acquisition. 

To summarize, although previous research directly investigating the role of vowel 

phonation in L2 lexical tone learning is scarce, studies of native and nonnative tone perception 

and production suggest a role for vowel phonation. Vowel phonation is thus added to the list of 

acoustic cues to lexical tone that may aid learners in acquiring an L2 tone inventory. 

2.1.5 Acoustic difference from other tones 

 Thus far I have reviewed the evidence that the pitch height, pitch contour, duration, and 

vowel phonation characteristics of a tone can affect its acoustic salience and are therefore 

hypothesized to affect the ease with which L2 learners acquire different tones. I now turn to the 

commonly reported finding that L2 learners confuse tones in the target language inventory that 

are acoustically similar causing higher rates of error for these confusable tones. This finding has 
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most often been reported for the perception and production of the Mandarin mid rising Tone 2 

and the low dipping Tone 3. In isolated syllables, these tones are similar in that they both exhibit 

a pitch rise. In addition, when Tone 3 occurs before another Tone 3 syllable, it undergoes tone 

sandhi and surfaces with a pitch shape that even more closely resembles Tone 2. Wang et al. 

(1999) found that although English-speaking learners of Mandarin were accurately able to 

identify Tone 3, they struggled to discriminate Tone 2 from Tone 3 both before and after a two-

week perceptual training. Hao (2012) showed that Mandarin L2 learners were significantly more 

accurate on the high level Tone 1 and the falling Tone 4 than Tones 2 and 3 on identification, 

mimicking, and reading tasks. Similar findings are reported in the child language acquisition 

literature. Li and Thompson (1997) reported that that Tone 2 and Tone 3 were accurately 

produced later than Tone 1 and Tone 4 by monolingual children learning Mandarin. 

Qin and Jongman’s (2015) study offers evidence for the role of acoustic difference in 

nonnative lexical tone perception in Cantonese. They investigated the perception of Cantonese 

tones by English speaking learners’ of Mandarin and compared their performance with 

monolingual English speakers and monolingual Mandarin speakers. They found that all groups 

were significantly better at discriminating the high level Tone 1 from the low level Tone 6 than 

discriminating the mid level Tone 3 from Tone 6. They were also significantly better at 

discriminating the mid rising Tone 2 from Tone 1 than Tone 2 from Tone 6. That is, all groups 

were more accurate in discriminating tone pairs that exhibited greater F0 distance. They argued 

that the acoustic differences among tones in the inventory affected learners’ perception 

regardless of their language backgrounds. 

Other work shows that F0 similarity causes native and nonnative speakers of Thai to 

confuse the Thai low and mid level tones (Abramson, 1976; Schaefer & Darcy, 2014a; Wayland 
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& Guion, 2003, 2004; Wayland & Li, 2008). Abramson (1976) showed that Thai speakers 

confused the mid and low tones on a tone identification test when the stimuli involved several 

voices but not when the same test used one voice. Wayland and Guion (2003, 2004, 2008) have 

shown that English speakers with no tone language experience fail to accurately identify and 

discriminate the Thai low and mid tones. Wayland and Guion (2004) found that this result held 

even after five half-hour sessions of auditory training over five days. However, Wayland and 

Guion (2003) found that even without training, English speakers who had studied Thai and had 

lived in Thailand for at least one year were significantly more accurate at discriminating low 

from mid tones than the naïve English speakers. This result suggests that although tones with 

similar F0 heights cause perceptual difficulties, perception can improve with sufficient exposure. 

In sum, a range of evidence suggests that the perception and production of acoustically 

similar tones is difficult for L2 learners. Reports that Mandarin learners struggle to distinguish 

Tone 2 and Tone 3, which have a similar pitch contour, are common and mirror similar findings 

in research on the child L1 acquisition of Mandarin. Qin and Jongman (2015) found that naïve 

listeners and English speaking learners of Cantonese were more accurate in discriminating tone 

pairs that exhibited greater F0 distance than those that exhibited lesser F0 distance. Research on 

the acquisition of Thai tones shows that L2 learners struggle to differentiate the low tone from 

the mid tone, presumably due to their similar pitch heights. Acoustic differences in both F0 

height and F0 contour must therefore also be considered in a study of L2 tone learning. 

2.1.6 Summary and implications for the current study 

This section introduced five factors expected to contribute to the acoustic salience of 

lexical tones in L2 acquisition: pitch height, pitch contour, vowel duration, vowel phonation, and 

acoustic difference from other tones in the inventory. Studies of nonnative lexical tone 
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perception have shown that tones with high pitch targets are perceived better and accurately 

produced earlier than tones with low pitch targets (Francis et al., 2008; Wang, Jongman, & 

Sereno, 2003). For speakers of a non-tone L1 with some experience learning a tone L2, there is 

some evidence of a bias towards early accurate perception and production of rising tones 

(Francis et al. 2008; Krishnan et al., 2005; Reid et al., 2015), though naive listeners of Mandarin 

show an early perceptual advantage for the low dipping Tone 3 but not the mid rising Tone 2 

(C.K. So & Best, 2010).  

This suggests that pitch cues alone are not a sufficient indication of a tone’s acoustic 

salience and that acoustic salience should be conceptualized as a constellation of features that 

contribute to a tone’s perceptibility. Indeed, non-pitch acoustic features such as vowel duration 

can also be an important cue to tone contrasts. While there is no previous research directly 

investigating the role of duration in L2 lexical tone learning, L2 learners can learn to perceive 

and produce vowel length contrasts in an L2 after minimal exposure (Mah & Archibald, 2003; 

Menning et al., 2002; Okuno & Hardison, 2016). The presence of vowel phonation is also 

predicted to influence a tone’s acoustic salience. Previous research directly investigating the role 

of vowel phonation in L2 lexical tone learning is scarce, but Nguyen and Macken (2008) showed 

that English-speaking learners of Vietnamese produced fewer errors in the production of 

glottalized contour tones than modal-voiced contour tones and attributed this result to the 

salience of the glottalized tones. Studies of native language tone processing also suggest a role 

for vowel phonation in tone perception (Morén & Zsiga, 2006; Yu & Lam, 2011). Finally, L2 

learners confuse tones in the target language inventory that are acoustically similar causing 

higher rates of error for these confusable tones (e.g., Qin & Jongman, 2015). Therefore, the 
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extent to which a tone is acoustically different from the other tones in the inventory may make it 

more salient to learners. 

Understanding the role of acoustic salience in L2 lexical tone learning requires studies of 

multiple L2 target languages whose inventories have distinct acoustic characteristics. Cross-

linguistic comparison among languages with different tone inventories allows for the 

differentiation of universal from language-specific characteristics of salience. In addition, 

languages with robust tone inventories provide the best opportunity to examine how acoustic 

salience affects the acquisition of different tones. In order to test whether tones with high pitch 

targets are acquired earliest, the tone inventory should include level tones at different pitch 

heights. In order to test whether there is a bias towards learning rising tones before falling tones, 

the tone inventory must include tones with both types of pitch contours. In order to test for the 

role of duration the inventory should include substantial durational differences among groups of 

tones. In order to test whether the presence of vowel phonation contributes to a tone’s salience, 

the inventory must include tones that differ in terms of phonation but resemble one another in 

terms of other acoustic characteristics. It is probably not possible to find a natural tone language 

that offers a perfectly controlled investigation of these components of acoustic salience, but the 

six-tone inventory of Macuiltianguis Zapotec is a good candidate. (See Chapter 3, Section 3.2 for 

a full description of the Macuiltianguis Zapotec tone system and Chapter 4 for an elaboration of 

this point.) 

Acoustic salience is one possible explanation for why naïve listeners and L2 learners do 

not perceive or produce the individual tones of a nonnative tone language with equal success, 

and it is the explanation most often provided in the literature. However, acoustic salience alone is 

unlikely to be able to fully explain the order of acquisition of lexical tones in a L2. In particular, 
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it does not explain how or why learners’ ability to produce and perceive L2 tones changes with 

exposure or as learners’ L2 lexical knowledge expands (e.g., Guo & Tao, 2008; Hao, 2012; 

Tsukada, Xu, & Rattasone, 2014; Wang, 2013; Wang, Jongman, & Sereno, 2003; Wang, 

Jongman, Spence, & Sereno, 1999). Nor does it account for variable performance in the 

production and processing of a single tone type related to the distributional characteristics of tone 

in the language (Sun, 1998; Wiener & Ito, 2015, 2016) The next section reviews the literature 

that motivates an alternative, though not entirely incompatible, explanation for the asymmetric 

patterns associated with learning the tones of a L2 inventory: the statistical or frequency-based 

characteristics of tones in learners’ input. 

2.2 Input frequency effects in L2 lexical tone learning 

Frequency of exposure promotes learning. — N.C. Ellis, 2011, p. 198 

In the field of second language acquisition (SLA), there is growing support for 

emergentist and usage-based approaches to language development. These approaches assume 

that abstract constructions are learned through language use and built up on the basis of language 

input (Barlow & Kemmer, 2000; Boye & Engberg-Pedersen, 2010; Bybee, 2001, 2002, 2008, 

2009, 2013; N. C. Ellis & Larsen-Freeman, 2006; T. Hoffman & Trousdale, 2013; Lieven, 2016; 

MacWhinney, 2006; Macwhinney & O’Grady, 2014; O’Grady, 2011; O’Grady, Lee, & Kwak, 

1996; Tomasello, 2003). A central tenet of such approaches is that “frequency of exposure 

promotes learning” (N. C. Ellis, 2011, p. 198; see also Bybee & Hopper, 2001; Divjak & Gries, 

2014; Gries & Divjak, 2012; Madlener, 2015). Simply put, the more frequently a grammatical or 

phonological form or pattern occurs in a target language, the easier it should be for learners to 

acquire. However, claims about the role of frequency in SLA have tended to rely on laboratory 

studies of nonnative speech processing or studies of child L1 development rather than studies of 
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the role of frequency in L2 input per se. N.C. Ellis and Collins (2009) underscored this point in 

their introduction to a special issue in the Modern Language Journal on the roles of “frequency, 

form, and function” in SLA, in which they called for longitudinal corpus linguistic investigations 

of the role of input frequency in second language development (see also Gass & Mackey, 2002; 

Ortega & Iberri-Shea, 2005). Several studies in the same special issue or published since then 

have examined frequency in this way, though nearly all of them have studied morphosyntactic 

development (Collins, Trofimovich, White, Cardoso, & Horst, 2009; Crossley, Salsbury, Titak, 

& McNamara, 2014; N. C. Ellis & Ferreira-Junior, 2009a, 2009b; N. C. Ellis, O’Donnell, & 

Römer, 2014; Wulff, N.C. Ellis, Römer, Bardovi-Harlig, & Leblanc, 2009). Only one study has 

used a longitudinal corpus of learner input to examine the role of frequency in L2 phonological 

development (Trofimovich, Collins, Cardoso, White, & Horst, 2012) and to my knowledge no 

studies have examined the role of frequency in the L2 development of suprasegmental 

phonology. 

The dearth of research on input frequency effects in L2 phonology is somewhat 

surprising given that there has long been interest in the effects of frequency on phonological 

processing among adult native speakers, and some formal approaches to phonology have placed 

an increased emphasis on the role of frequency in recent years (see Frisch, 2011 for an 

overview). Studies of adult speech processing in the late 1990s and early 2000s demonstrated the 

effects of lexical and phonological pattern frequency on recognition memory (Frisch, Large, & 

Pisoni, 2000), elicited imitation (Munson, 2001; Vitevitch, Luce, Charles-Luce, & Kemmerer, 

1997), phoneme monitoring (McQueen & Pitt, 1996), speech rate and duration (Munson, 2001), 

and ratings of wordlikeness (Coleman & Pierrehumbert, 1996; Frisch et al., 2000; J. B. Hay, 

Pierrehumbert, & Beckman, 2003; Munson, 2001; Treiman, Kessler, Knewasser, Tincoff, & 
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Bowman, 2000; Vitevitch et al., 1997). Pierrehumbert (2003b) used the term probabilistic 

phonology to refer to the range of frequency-based phenomena evident in the processing and 

knowledge of a phonological system. Frisch (2011) described a “ladder of abstractions” in which 

low-level acoustic information is parsed into abstract categories as similar experiences are 

repeated. A similar idea underlies exemplar-based theories of language learning (Bybee, 2002, 

2013; Johnson, 1997; Pierrehumbert, 2001), in which each token of use of a given form 

strengthens the memory traces associated with the representation of that form. A growing body 

of work has demonstrated the effects of lexical and phonological pattern frequency on children’s 

L1 phonological development (see Edwards et al., 2015 for an overview). 

Despite growing interest in this research program, investigations of frequency effects in 

L2 phonology are scarce, and there is no accepted model of how the frequency characteristics of 

learners’ L2 input predict accuracy in perceiving and producing L2 sounds or how this changes 

over the course of development. In this section, I draw on the models of input frequency that 

have been used to predict or explain adult native language phonological processing, child L1 

phonological acquisition, and the L2 acquisition of morphosyntax to propose a set of frequency 

measures that will be used to examine L2 lexical tone development in the current study. These 

measures include tone token frequency, tone type frequency, word token frequency, and relative 

word token frequency. Section 2.2.1 introduces each of these measures, and the subsequent 

sections (2.2.2 through  2.2.5) motivate their inclusion in the current study. I also discuss how 

input frequency effects are expected to vary over the course of L2 phonological development 

(Section 2.2.6) and the expected relationship between acoustic salience and input frequency in 

lexical tone learning (Section 2.2.7). I conclude with a summary of the frequency effects that will 

be examined in the current study and the reasons for their inclusion. 



 

 57 

2.2.1 Defining frequency for lexical tone learning 

Studies of frequency effects in phonological learning and processing often focus on the 

distinct but complementary roles of token frequencies and type frequencies. Token frequencies 

are counts of the number of times a particular word, sound, or pattern appears in speech while 

type frequencies are counts of words or sets of words across the lexicon that display a particular 

pattern. In English, for instance, the phoneme /ð/ has a high token frequency due its presence in 

words with high usage rates such as the and that. However, /ð/ has a low type frequency. 

Considering the entire set of words in English, very few words contain the sound /ð/. 

Phonological units with high token frequency are less resistant to reduction and more resistant to 

diachronic change, while phonological units with high type frequency are drivers of 

phonological generalization and pattern productivity (Bybee, 2002, 2006).  

For lexical tone learning, token frequencies can be considered at both the tone level and 

the word level. That is, learning may be driven by counts of individual tone types represented in 

the input, by counts of different word forms and their associated tones, or both. Frequency 

measures in L2 phonological research have largely been restricted to the word level rather than 

the sound level, likely due to the difficulty in acquiring sound-level measures, as researchers 

must collect, transcribe, and code a sufficiently large corpus of language data in order to 

calculate token frequencies. However, recent advances in the ability to store, organize, and 

analyze phonological corpora have made it possible to more easily calculate type and token 

frequency counts for individual sounds (Durand, Gut, & Kristoffersen, 2014, p. 214 and 

elsewhere). The current study is among the first studies of L2 phonological learning to 

investigate token frequency at both the sound and word level with data from the actual input 

learners received (see also Trofimovich et al., 2012). 
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Type frequency has been shown to play an important role in the productivity of 

phonological and morphophonological patterns among adult native speakers (Bybee, 1995, 2001; 

Bybee & Pardo, 1981; Richtsmeier, Gerken, & Ohala, 2011). Edwards et al. (2015) also pointed 

to type frequency as a major driver of childrens’ L1 consonant production. Zhang and Lai (2010) 

found that type frequency predicted the accuracy with which native Mandarin speakers applied 

tone sandhi processes to novel words. Type frequency is therefore hypothesized to underlie 

learners’ patterns of tone overgeneralization. That is, if learners are exposed to many words with 

a certain tone pattern, they may begin to erroneously produce that pattern even on words that 

carry a different tone pattern in the input. 

It is important to recognize that, as with all phonological forms in natural language, the 

tone tokens in learners’ input are not invariant. That is, a given lexical item that learners hear 

multiple times may not exhibit the same tone at each utterance. The existence of pitch variability 

has been shown to be helpful for nonnative word learning among tonal L1 speakers but not 

among non-tonal L1 speakers (Barcroft & Sommers, 2014). In fact, pitch variability makes it 

more difficult for naïve listeners of a tone language to learn tone contrasts (C. B. Chang & 

Bowles, 2015). 

In Macuiltianguis Zapotec, tone variation arises from tonal alternations caused by 

grammatical (morphological) tones, as described below in Section 2.2.5. The current study does 

not address learners’ ability to productively apply tone alternations and instead focuses on their 

ability to produce tone accurately on lexical items as they appear in isolation with no 

grammatical marking. For Macuiltianguis Zapotec nouns and adjectives, this is equivalent to the 

underlying tone of a word. (In some tone languages, words in isolation are subject to utterance-

level boundary tone effects and underlying tones are only discoverable when words are elicited 
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within a phrase, see Yip, 2002, p. 274. This does not appear to be the case for the nouns and 

adjectives of Macuiltianguis Zapotec that are the target of this study.) However, it may be 

particularly difficult for learners to ascertain the tones of lexical items that are subject to a large 

amount of tonal surface variation associated with grammatical tone (Demuth, 1993, 1995). 

In order to understand how learners might handle such variation when acquiring a lexical 

tone system, one approach is to acquire measures of relative token frequency (e.g., Ambridge et 

al., 2015). While absolute token frequency is the simple tally of a word in the input, relative 

token frequency is the frequency of a form relative to its competitors. That is, different counts 

are tallied for a word that appears in its underlying form and for the same word when it appears 

in a morphologically marked form. Learners are expected to show earlier or greater accuracy in 

producing the tones of words that appear in the input with a single, consistent surface form rather 

than two or more different surface forms. 

In sum, the model of input frequency that will be used to investigate L2 lexical tone 

learning in the current study has the following components: tone token frequency, tone type 

frequency, word token frequency, and relative word token frequency. The following sections 

draw on research in the areas of adult native language phonological processing, child L1 

phonological acquisition, and the L2 acquisition of morphosyntax to motivate the inclusion of 

each of these measures in the current study. 

2.2.2 Tone token frequency 

At the tone level, token frequency is a count of the number of times learners hear a given 

tone. For example, the token frequency for rising tones is a count of all instances in which 

learners hear a word or syllable with a rising tone, including repetitions of the same word. As 

summarized by Robinson and N.C. Ellis (2008, p. 504), forms with high token frequency are 
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“remembered better, recognized faster, produced more readily and otherwise processed with 

greater facility” than those with low token frequency. Such an effect has been demonstrated in a 

variety of speech processing studies (for overviews see Bybee, 2001; Bybee & Hopper, 2001; 

Gries & Divjak, 2012). Frisch (2011) described a tendency towards “frequency matching” in 

studies of metalinguistic judgments and speech processing (p. 2140). That is, listeners’ 

judgments of novel phonological forms mirror the frequencies of phonological units in the non-

words and/or of their native language. SLA researchers have also argued for the importance of 

token frequency at a variety of levels including the sound level (e.g., Bybee, 2001; N.C. Ellis, 

2002).  

This type of sound-level token frequency plays an important role in exemplar-based 

theories of phonological development (Bybee, 2002, 2013; Johnson, 1997; Pierrehumbert, 2001). 

In these approaches, learning proceeds through the memory storage of specific instances of 

sounds (exemplars), with bundles of closely related exemplars receiving categorical labels. 

Johnson (1997) and Pierrehumbert (2001) follow Kruschke (1992) in assuming that, although the 

dimensions of input phenomena (in this case, sound wave frequencies) are continuous, the 

representational space of exemplars is more coarse-grained, and therefore some tokens differ in 

ways that are too fine to be encoded by the perceptual system. Three different levels of 

representation are assumed: the physical, continuous, real-world input into the perceptual 

system; a coarser level in which tokens are bundled as exemplars as a result of anatomical and 

neural constraints; and an even coarser, more cognitive level in which exemplars cluster into 

abstract categories. When a token of linguistic experience matches an existing exemplar it is 

mapped onto that exemplar and strengthens it. Each exemplar in a category has an associated 

strength or “resting activation level” (Pierrehumbert, 2001, p. 4), which is higher for exemplars 
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encoding more frequent (and more recent) tokens. New tokens are then assigned category labels 

probabilistically, based on the number and strength of the exemplars in a fixed-size 

neighborhood around it. In other words, each token of use of a phonological form strengthens the 

memory traces associated with that representation, and over time, clusters of exemplars form 

exemplar clouds in the learner’s psychoacoustic space that represent abstract phonological 

categories.  

Gauthier, Shi, and Xu (2007) outlined an exemplar theoretic model for lexical tone 

learning and used a computational model to simulate the unsupervised learning of tone from a 

Mandarin speech corpus. Importantly, as with learning other phonological units, learning tones 

involves developing categorical representations from acoustic input that varies across speakers 

and across individual utterances. Although in principle any of the major acoustic characteristics 

of tone discussed in Section 2.1 (pitch height, pitch contour, duration, and vowel phonation) can 

vary within language-specific parameters, Gauthier et al. followed Xu and Wang (2001) by 

focusing on variation in pitch height and pitch contour, arguing that these parameters are usually 

sufficient for tone categorization by native speakers. Pitch height is represented by the peak F0 

while pitch contour is represented using the first derivative of F0 across the tone (D1), a formula 

that represents the velocity of movement towards the peak F0. The authors trained a self-

organizing map (SOM) neural network model with syllable-sized F0 contours produced my 

multiple Mandarin speakers in connected speech and used phoneme maps (Kohonen, 1989, 

1995) to reveal category labels and confusion areas. The results showed that the model 

successfully created four tone categories corresponding to the four Mandarin tones from the 

individual tone tokens. When relying on peak F0 alone, the model showed greater ambiguity and 

confusion than when relying on D1 alone, indicating that pitch velocity is a crucial acoustic 
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feature for learning the Mandarin tone inventory. Based on this result Gauthier et al. argued for 

an exemplar-based model in which tone learners extract continuous F0 information from the 

acoustic signal, convert this information to continuous velocity profiles (represented in this study 

as D1), and then apply categorical labels to clusters of velocity profiles.  

No work to my knowledge has directly applied an exemplar theoretic model to L2 

phonological learning, much less L2 lexical tone learning, but the two dominant models of L2 

phonology, the SLM (Flege, 1995) and the PAM-L2 (Best & Tyler, 2007) both place an implicit 

importance on token frequency in the input. Both models assume that L2 sounds initially 

assimilate to phonetically similar native sound categories, but as word and sound tokens 

accumulate, a learner’s L1 categories begin to change to accommodate the L2 system. As such, 

the particular phonetic characteristics of the L2 tokens to which a learner is exposed are expected 

to impact the ability to discriminate, identify, and presumably produce L2 sound contrasts. In the 

case of lexical tone learning, tones that occur frequently in learners’ input provide more 

opportunities to affect this categorization process, such that L2 learners can be expected to 

display earlier accuracy in the perception and production of tones with high token frequency. 

2.2.3 Tone type frequency 

Tone type frequency may also be important for L2 lexical tone learning. In phonology, 

type frequency is “the dictionary frequency of a particular pattern” (Bybee, 2001, p. 10). In other 

words, it is the number of words or word pairs in the lexicon that exhibit a given phonotactic 

sequence or phonological pattern. In the case of lexical tone, the primary measure of type 

frequency is the count of the number of words in the lexicon that carry a particular tone type. 

However, the notion of tone type is abstract. As discussed in the previous section, tone categories 

must be built up from the tokens in the input through the subconscious tracking of probabilities 
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beginning with the lower level acoustic information. As a result, learners may go through stages 

in which tone accuracy is predictable not from the type frequencies of the target tone categories 

but from type frequencies calculated within categories of tones contrasted by other phonetic 

properties, e.g., tones with high F0 offsets versus tones with low F0 offsets, or long tones versus 

short tones. 

This conceptualization of type frequency is drawn from studies of adult phonological 

processing. Hay, Pierrehumbert, and Beckman (2004) demonstrated that adult native English 

speakers’ wordlikeness ratings for novel words containing nasal-obstruent sequences was 

predictable not from the type frequencies of sequences of segments but rather the type 

frequencies of sequences of abstractions to natural classes of phonetic features. Davidson (2006) 

found that the patterns underlying English speakers’ repairs of illicit word-initial consonant 

clusters were not associated with the token or type frequency of the cluster in (word-medial or 

final position in) the English lexicon but instead were best explained by analogy to the phonetic 

features of phototactically permissible sequences in English. In order to make productive and 

robust generalizations about a phonological system, it appears that, at least at early stages of 

exposure, language users rely on type frequencies calculated over phonetic feature categories 

rather than type frequencies of abstract phonological categories (Davidson, 2006; Frisch et al., 

2000; J. B. Hay et al., 2003; Pierrehumbert, 2003a, 2003b, 2006b).  

Of interest for the current study is whether L2 learners will rely on type frequencies 

related to lexical tones at phonetic levels of abstraction rather than the abstract tone types present 

in the phonology of an adult native speaker, and if so, what will be the nature of these phonetic 

categories. Because no previous work on lexical tone learning has investigated this question, one 

might start by presuming that any of the major acoustic characteristics of tone discussed in 
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Section 2.1 (pitch height, pitch contour, duration, and vowel phonation) are eligible phonetic 

categories upon which learners might base early generalizations about tone. Indeed, there is 

some evidence for the influence of language-specific phonetic properties on L1 tone acquisition. 

Tsay (2001) showed that throughout a child Taiwanese learner’s phonological development, he 

maintained the durational distinction between sets of tone types, even before the pitch contour 

cues were judged to be adultlike. Tsay argued that children build phonological categories using 

the phonetic details perceivable to them before the full adultlike system is acquired.  

In sum, because type frequency drives phonological pattern productivity, type frequency 

is hypothesized to underlie learners’ patterns of tone overgeneralization. That is, if learners are 

exposed to many words or syllables with a certain tone pattern, they may erroneously produce 

that tone pattern on words or syllables that carry a different tone in the target language input. 

Whether type statistics over collapsed phonetic categories can predict tone accuracy as they do 

for adult phonological processing of segments remains to be explored. 

2.2.4 Word token frequency 

Several studies have shown that L2 learners are sensitive to word frequency in 

phonological learning. Flege, Tagaki, and Mann (1996) investigated native Japanese speakers’ 

identifications of /ɹ/ and /l/ in English. They found that regardless of number of years living in 

the U.S., participants correctly identified the two sounds more often in words that were more 

frequent than a minimal pair competitor (e.g., high-frequency room versus low-frequency loom) 

than in words that were less frequent than a minimal pair competitor. Bradlow and Pisoni (1999)  

presented L1 and L2 English speakers from different L1 backgrounds with “easy” and “hard” 

words. Easy words had a high token frequency and few phonologically-similar neighbors while 

hard words had a low token frequency and many similar neighbors. The results showed that both 
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groups of participants were better at identifying easy than hard words during a word recognition 

task, even when word familiarity was controlled, and the difference was larger for the L2 English 

speakers. Trofimovich, Gatbonton, and Segalowitz (2007) tested 40 adult speakers of L1 French 

on their production of the L2 English phoneme /ð/ in a variety of words and phonetic contexts. 

They found that a model that that incorporated word frequency measures for each /ð/ target word 

as estimated from the British National Corpus predicted participants’ production accuracies 

better than a model that did not. 

A later study by Trofimovich et al. (2012) more clearly demonstrated the relationship 

between word frequency and L2 phonological production. The authors examined the relationship 

between the input L2 English learners received and their subsequent development in producing 

the English phoneme /ð/. The learners in the study were eleven and twelve-year-old native 

French speakers (N = 120) enrolled in intensive English as a Second Language (ESL) courses at 

the beginner level. Their instructor was also a native French speaker. The authors developed a 

corpus of the instructor’s input and engaged students in a picture description task after 100 hours 

and again after 300 hours of the 400-hour program.5 The results showed that both the instructor 

and the learners’ accurate productions of /ð/ were restricted to a handful of high frequency words 

(such as the, that, this, there, they, then). In other words, although /ð/ has high token frequency in 

English due to its occurrence in high frequency words, L2 learners did not generalize accurate /ð/ 

production to lower-frequency English words. 

There is also some evidence for the role of word token frequency in L2 lexical tone 

learning. Sun (1998) studied lexical tone development among American English-speaking 

learners of Mandarin. The participants in the study were students at three proficiency levels 

 
5 The authors do not give the period of time over which the 400 hours of instruction were completed. 
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enrolled in a semester-long intensive Mandarin language program in Beijing (N=42). Participants 

completed a perception task and three production tasks at the beginning and end of the program. 

The target stimuli were 288 Mandarin words counterbalanced for word frequency (‘common,’ 

‘uncommon,’ or ‘nonsense’), number of syllables (1-3), tone type, and tone position within the 

word. The perception task was a tone identification task during which participants were provided 

with the segmental information for each item in Hanyu Pinyin orthography and asked to indicate 

the tone(s) they heard by providing the missing tonal diacritic(s) on the written word. The 

production tasks included a repetition task and a reading aloud task. For the repetition task, the 

stimuli were the same 288 words used in the tone identification task. Participants simply heard 

each item and repeated the word into a recorder. For the reading aloud task, participants read a 

list of the 96 ‘common’ and 96 ‘uncommon’ words. Three native speakers of Mandarin coded 

participants’ productions for tone type and from this the author generated percentage accuracy 

scores for each participant on each task.  

Sun ran a five-way mixed ANOVA with proficiency level as a grouping variable and tone 

type, word frequency, position, and time as within-subjects variables, and found a statistically 

significant main effect for word frequency on all tasks. In other words, she found an overall 

relationship between word frequency and learners’ perception and production gains. An 

interesting finding is that post-hoc analyses showed that word frequency had the smallest effect 

on the tones that participants perceived and produced most accurately, Tone 1 and Tone 4. This 

suggests a possible interaction between word frequency and tone development in which low 

word frequency has a diminishing effect as tone accuracy increases.  
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2.2.5 Relative word token frequency and tone alternations 

Although the traditional notion of word token frequency is likely to be important for tone 

learning as just described, this measure of frequency ignores the important issue of the variation 

in learners’ input that results from tonal alternations such as grammatical tone or tone sandhi. In 

order to understand how learners might handle such variation when acquiring a lexical tone 

system we need to appeal to a separate but related formulation of token frequency referred to as 

relative token frequency (Ambridge, et al., 2015). While absolute token frequency is the simple 

tally of a word in the input, relative token frequency is the frequency of a form relative to its 

morphological competitors. For instance, children often produce *two mouse or *two mouses 

because the target form mice is infrequent compared to mouse. However children less often 

produce *two foot or *two foots because the target feet is more common in the input than its 

competitor foot (Matthews & Theakston, 2006).  

Relative token frequency is similar to what is sometimes called “contingency” or 

reliability of form-meaning mapping in SLA research (e.g., DeKeyser, 2005; N. C. Ellis & 

Ferreira-Junior, 2009a; N. C. Ellis & O’Donnell, 2012; N. C. Ellis et al., 2014; Gries & N.C. 

Ellis, 2015). A word with a variety of surface forms has a lower reliability of form-meaning 

mapping than a word with consistent surface forms. Speakers generalize over the surface forms 

of morphologically related word pairs to determine underlying phonological representations 

(Ernestus & Baayen, 2003; Pierrehumbert, 2006b; Rispens & De Bree, 2014), and this process is 

more complex for words with more surface variation (low reliability). The notion of relative 

token frequency builds on these findings by adding a quantitative dimension that directly relates 

this process of generalization to the input learners receive during the acquisition process.  

Relative token frequency at the word level can be measured by calculating both lemma 

and lexeme frequencies in a corpus. Lemma token frequency is a count of the number of times a 
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word occurs in its citation form (e.g., the number of times learners heard foot). Lexeme token 

frequency is a count of the number of times learners heard a given word in any of its 

corresponding forms (e.g., counts of foot and feet are collapsed). The relative frequency for the 

citation form of a given word is a ratio of its lemma count to its lexeme count (e.g., the count for 

foot divided by the count for foot plus feet). While phonological acquisition studies that include 

measures of word frequency generally have not differentiated between lexeme and lemma 

frequency, this distinction is considered important in corpus linguistics. For lexical tone learning, 

lemma counts distinguish different forms of the same word with different surface tones while 

lexeme counts do not. For example, in Macuiltianguis Zapotec, first person inalienable 

possession is marked with a high tone on certain nouns. Learners in the Zapotec class might hear 

the instructor produce the first person possessive form for ‘my home’ (which takes inalienable 

possession) more often than other forms of this lexical item, while the possessive form for ‘my 

sibling’ (which also takes inalienable possession) might rarely appear in the first person in the 

classroom but appear often in the second and third person forms that involve no tone alternation 

(see Section 3.2.4.2). 

 Evidence for the importance of considering relative frequency in tone learning comes 

from a study by Chen and Yuan (2007). They investigated the effects of word frequency on the 

acoustic characteristics of bisyllabic words that undergo tone alternations Mandarin. The 

researchers binned the words in the corpus into four frequency groups based on lexeme 

frequency and examined the effects on bisyllabic words of two types: Tone 3-Tone 3 which 

undergo sandhi and result in a rise on the first syllable, and Tone 2-Tone 3 which do not undergo 

sandhi. For the Tone 3-Tone 3 sequences, the authors found that the F0 rise of the first tone was 

significantly lower for words in the highest word frequency group compared to other frequency 
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groups. However they found no such effect for Tone 2-Tone 3 sequences. That is, lexeme 

frequency had an effect on the acoustic characteristics of words that undergo a phonological 

operation but not on words with the same underlying and surface representations. This suggests 

that a greater number of tokens is required for the acquisition of alternations, likely in order to 

allow learners a sufficient amount of data over which to calculate the relative frequencies of 

surface forms. The authors did not include word frequency measures based on lemma counts 

which could serve to further clarify this result. 

Although the current study does not directly investigate learners’ acquisition of tone 

alternations or the ability to apply them productively, the presence of variation may affect 

learners’ ability to acquire the tone of L2 lexical items as assessed through tone production tests. 

Demuth (1993, 1995) claimed that tonal surface variation delayed lexical tone acquisition in a 

study of child L1 tone acquisition of in Sesotho (Bantu). Her data came from one child studied 

longitudinally from 2;1 to 3;0 years as well as a group of twelve children from 3;0 to 5;0 years 

who were examined cross-sectionally. Sesotho lexical items are either specified for a high tone 

(H) or are unspecified for tone (Ø), and verb roots undergo a variety of morphophonological 

alternations. Roots unspecified for tone surface as low unless subject to an alternation that causes 

a high tone to surface. According to Demuth, children did not master the lexical tones of verb 

roots until about age three, quite a bit later than studies of the acquisition of Mandarin lexical 

tone despite the fact that the tonal inventory in Sesotho is much simpler. Demuth argued that the 

tone alternations on verb roots had the effect of prolonging the acquisition of lexical tone. She 

pointed out that the children in her study had far less trouble with the H/Ø contrast on subject 

markers which do not undergo the same amount of surface variation. The question of how 

relative tone frequencies affect the acquisition of a lexical tone inventory, especially for L2 
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learners and for languages with robust tone inventories, is thus a fruitful area for further 

exploration. 

2.2.6 Frequency effects over the course of L2 development 

Usage-based theories of language acquisition predict that frequency effects should not be 

static over time (e.g., DeKeyser, 2007, 2015; N. C. Ellis & Larsen-Freeman, 2009; N. C. Ellis & 

Wulff, 2015; Eskildsen, 2009). In particular, DeKeyser (2007, 2015) has argued that there is a 

power function relating the prior token frequency of a form to accuracy in learning that form. 

This is known as the “power law of learning” or “the power law of practice” (Anderson, 2000). 

According to this law, token frequency effects are greatest at early stages of learning but they 

eventually reach asymptote. Trofimovich et al.’s (2012) investigation of the acquisition of the 

phoneme /ð/ among Francophone learners of English offers evidence for such a pattern. The 

researchers divided learners into two equal groups (n = 60) based on median accuracy scores at 

the pretest and found that only the low group showed positive gain scores between 100 and 300 

hours of instruction (from 9% to 17% accuracy); the high group in fact showed a loss (from 44% 

to 29% accuracy).6 They therefore argued that token frequency effects in L2 phonological 

learning may be most pronounced in the earliest stages of learning when learners have a lower 

overall quantity of input, a finding consistent with the power law of practice. It is less clear 

whether the effects of type frequency should also exhibit a power curve for L2 phonological 

development over time. 

On the other hand, drawing on findings from word learning in child L1 acquisition, 

Ambridge et al. (2015) argued that the effect of relative token frequency will increase as more 

 
6 Both the low group’s gain and the high group’s loss were statistically significant according to Bonferroni-corrected 
follow-up comparisons: low group gain: t(59) = 3.75, p < .001; high group loss: t(59) = 4.86, p < .001 
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input becomes available to the learner. This is because the cognitive system does not give as 

much weight to a comparison between, for instance, 10 tokens of one form of a word (let’s call it 

form A) and 30 tokens of a competing form B, as it does to a comparison between 100 tokens of 

form A and 300 tokens of form B even though the proportion is the same. As learners gain 

exposure to the L2 and expand their L2 lexicon, the different surface forms become more clearly 

associated to the rules underlying them and the effect of competing forms diminishes.  

The overall picture of how frequency effects change over the course of phonological 

development remains unclear, but one likely possibility is that these changes are mediated by 

learners’ L2 vocabulary knowledge. Major models of L2 phonological development all assume 

an important relationship between L2 lexical and phonological knowledge that changes as L2 

learners develop (the Perceptual Assimilation Model (PAM-L2) (Best & Tyler, 2007), the 

Speech Learning Model (SLM) (Flege, 1995, 2003), and the lexical restructuring model (LRM) 

(Walley, 2007)). At early stages, learners attune to the phonetic characteristics of language and 

begin to establish form-meaning relations. As they begin to process lexical items as phonological 

words, their accuracy in perceiving and producing L2 sounds is influenced by both word 

frequency and vocabulary size (Bradlow & Pisoni, 1999; Imai, Walley, & Flege, 2005). As 

learners’ vocabulary size increases and they acquire form-meaning mappings for minimal pairs 

and words in dense lexical neighborhoods, they become more aware of the different 

phonological units of the L2 and acquire phonemic contrasts. Learners with larger vocabularies 

are therefore better at L2 sound recognition and production, and their performance is less 

influenced by lexical factors (Saito, 2012; Walley, 2007).  

Because the relationship between L2 lexical and phonological knowledge changes as 

learners progress, it is prudent in a study of L2 phonological learning to measure learners’ 
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vocabulary knowledge alongside other factors such as length of study, length of residence, or 

general proficiency. The learners in the current study are all beginners who are in the early stages 

of expanding their Zapotec vocabulary and gradually attuning to the phonetic and phonological 

properties of the Zapotec lexicon, so a positive correlation between learners’ vocabulary 

knowledge in Zapotec and their accuracy in tone production is expected. It is worth noting, 

however, that what we know about the relationship between L2 lexical and phonological 

knowledge has largely relied on studies investigating segmental learning. The current study thus 

provides a first opportunity to investigate whether the relationship between L2 vocabulary 

knowledge and phonological knowledge applies to L2 tone learning. 

2.2.7 Input frequency and acoustic salience in lexical tone learning 

One issue that has not yet been considered is how frequency-based factors can be 

expected to interact with or mediate the factors related to the acoustic salience of tones that were 

presented in Section 2.1. I have discussed how the type frequency generalizations learners make 

based on pairs of related words in the input are sensitive to phonetic feature categories, at least at 

early stages of learning (Davidson, 2006; Hay, Pierrehumbert, and Beckman, 2004; 

Pierrehumbert, 2003, 2006), but which phonetic feature categories learners will use to make 

generalizations about tone in a L2? It is reasonable to assume that any of the major acoustic 

characteristics of tone discussed in Section 2.1 (pitch height, pitch contour, duration, and vowel 

phonation) could play a role. In other words, learners may exhibit patterns of tone perception or 

production that are predictable from type frequencies across any one or any combination of these 

phonetic categories. For example, learners may collapse tones into long and short categories, 

then within each of these categories the tone with the highest type frequency will win out as the 

representative for that category. This type of potential interaction between input frequency and 
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the acoustic characteristics of tone is not well understood and will be explored in the current 

study. 

While frequency effects might to some extent depend on acoustic factors, there is also 

reason to assume that these forces will work against each other in L2 tone learning. N.C. Ellis 

(2006a, 2006b, 2016) has described how the associated strength between a cue and its 

frequently-associated outcome is greater if the cue is salient and lesser if the cue is not salient. In 

the case of segmental phonology, researchers have pointed to a positive relationship between the 

acoustic salience of a segment or segmental contrast and its frequency distribution in the lexicon 

(Liljencrants & Lindblom, 1972; Maddieson, 1984; Narayan, Werker, & Beddor, 2010). 

However, in the Zapotec language that is the focus of the current study, tone types with low 

acoustic salience (such as level low and mid tones) are the most frequent in the lexicon while 

tone types with high acoustic salience (such as rising tones) are the least frequent (see Chapter 3, 

Section 3.2.4.2). This begs the question of how learners make use of these competing factors 

during tone learning. 

2.2.8 Summary and implications for the current study 

In this section, I have presented evidence showing that L2 lexical tone learning is likely 

to be sensitive to the frequency statistics of the input. These frequency-based measures expected 

to compete with the factors related to acoustic salience presented in Section 2.1 to predict the 

asymmetries associated with L2 lexical tone production as well as how these asymmetries 

change as learners gain L2 exposure. Section 2.2.2 claimed that L2 learners’ ability to create tone 

categories will be related to the tone token frequency in the input. With each exposure to a tone 

token, learners extract the continuous pitch information from the acoustic signal. Over time, 

these tokens cluster together as exemplar clouds for each tone category (Gauthier et al., 2007; 



 

 74 

Johnson, 1997; Pierrehumbert, 2001). Tones that occur frequently in learners’ input provide 

more opportunities to affect this categorization process, such that L2 learners may display earlier 

accuracy in the perception and production of tones with high token frequency. Section 2.2.3 

argued that L2 learners will also be sensitive to tone type frequencies in the input, i.e., the 

number of words or word pairs in the lexicon that exhibit a given tone. Learners at early stages 

of exposure to a new language are sensitive to type frequencies calculated over phonetic feature 

categories rather than type frequencies of abstract phonological categories (e.g., Davidson, 2006; 

Frisch, Large, & Pisoni, 2001; Hay, Pierrehumbert, and Beckman, 2004; Pierrehumbert, 2003, 

2006), and the phonetic characteristics of the input may determine whether and how L2 learners 

develop nontargetlike categories. In addition, type frequency has been shown to drive 

phonological pattern productivity (e.g., Bybee, 2001) and is therefore hypothesized to underlie 

learners’ patterns of tone overgeneralization.  

Section 2.2.4 discussed how word token frequency, a count of how often a particular 

word appears in learners’ input, is related to L2 phonological learning. In particular, L2 learners 

produce more accurate phonological forms for high frequency words (Trofimovich et al., 2012; 

Sun, 1998). Section 2.2.5 motivated the inclusion of a measure of relative word token frequency 

as a means of accounting for tonal surface variation. I argued that it may be particularly difficult 

for learners to ascertain the tones of lexical items that are subject to a large amount of tonal 

surface variation associated with grammatical tone (Demuth, 1993, 1995). 

Sections 2.2.6 and 2.2.7 identified two additional areas of exploration. Section 2.2.6 

discussed the potential ways frequency effects will vary as L2 learners gain target language 

exposure and expand their L2 vocabularies. Absolute token frequency effects are expected to be 

greatest at early stages of learning but eventually reach asymptote, in what is referred to as the 



 

 75 

“power law of learning” (Anderson, 2000; DeKeyser, 2007; 2015). On the other hand, relative 

token frequency effects may increase as more input becomes available to the learner (Ambridge 

et al., 2015). Section 2.2.7 argued that frequency-based factors are both dependent upon and in 

competition with the factors related to acoustic salience that were presented in Section 2.1. 

Learners may exhibit patterns of tone perception or production that are predictable from 

frequency calculations across the phonetic categories that are most salient to them (such as 

duration) rather than the pitch categories that are the most reliable cue to lexical tone. At the 

same time, tone types with low acoustic salience are the most frequent in the Zapotec lexicon 

while tone types with high acoustic salience are the least frequent. The extent to which these 

factors compete with each other during L2 lexical tone learning is a major focus of this 

dissertation. 

2.3 Chapter summary 

This chapter reviewed literature motivating the two major hypotheses of this dissertation: 

the acoustic salience hypothesis and the input frequency hypothesis. The acoustic salience 

hypothesis predicts that asymmetries in L2 Zapotec tone production will be predictable from 

differences in the acoustic salience of the different tones of the target language inventory. High 

average F0, rising F0 contour, long duration, and the presence of vowel phonation are all 

expected to contribute to a tone’s acoustic salience. The input frequency hypothesis predicts that 

asymmetries in L2 Zapotec tone production will be predictable from differences in the token and 

type frequencies of tones in learners’ input. It further predicts that L2 tone production will be 

related to measures of absolute and relative word token frequency. The next chapter provides 

details about the target language of the study and the Zapotec community where the study took 

place. Then, in Chapter 4, I further situate the acoustic salience hypothesis and the input 



 

 76 

frequency hypothesis within the context of the current study and outline the precise predictions 

for this dissertation with regards to the target language.  
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CHAPTER 3:  LANGUAGE BACKGROUND 

Zapotec languages are primarily spoken in the state of Oaxaca in southern Mexico, with 

many speakers also living in other parts of Mexico and in the United States. They group with 

Chatino languages to form the Zapotecan language family, in turn a member of the 

Otomanguean stock (Campbell, 2017; Sicoli, 2005). This group of languages is richly diverse: 

Glottolog counts 57 distinct Zapotec languages (Hammarström, Forkel, Haspelmath, & Bank, 

2017) and the Mexican National Institute of Indigenous Languages counts 62 (INALI, 2008). 

Beam de Azcona (2016) gives a more conservative estimate and states that there are “at least 15 

and probably twenty-some Zapotec languages” (p. 3). 

3.1 San Pablo Macuiltianguis 

The participants in the current study are seven primary school students who are learning 

the Zapotec language traditionally spoken in their community as a second language through an 

after-school language revitalization program. The learners are residents of San Pablo 

Macuiltianguis, a community located in the mountainous Sierra Juárez region of the Ixtlán 

administrative district north of Oaxaca City (see Figure 3.1). Macuiltianguis is on the northern 

boundary of the Zapotec-speaking area of the state of Oaxaca. Communities on the other side of 

the boundary speak Chinantec (a group of Otomanguean languages distantly related to Zapotec). 

The name of the community follows a common template for Mexican place names, combining a 

patron saint name in Spanish (San Pablo ‘Saint Paul’) with an indigenous place name. A 

testament to the historical influence of Aztec society in this region of Mexico, the name 

Macuiltianguis is from the Uto-Aztecan language Nahuatl and translates to ‘five plazas’ or ‘five 

markets’ (macuil ‘five,’ tianguis ‘plaza’ or ‘market’). The Zapotec name for the community is 
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Tagayu', which language activists in Macuiltianguis have determined means ‘the señor of the 

five’ (ta is a term of address for adult males, gayu' is ‘five’) (Grupo Cultural Tagayu', 2017). 

 
Figure 3.1 Location of San Pablo Macuiltianguis. 

The 2010 Mexican census reported that Macuiltianguis had 897 residents over age three, 

nearly a quarter of whom were over age 65 (INEGI, 2010). This includes residents of 

Macuiltianguis proper as well as those in San Juan Luvina, a Zapotec community under the 

municipal jurisdiction of Macuiltianguis and located about 7.5 kilometers to the south. Based in 

part on numbers reported by Foreman (2006), I estimate that approximately half of the 897 

residents counted in the 2010 census live in Luvina. Foreman (2006) describes a sharp 

population decline in Macuiltianguis since 1960 and in Luvina since 1980 due to migration to 

locations throughout Mexico and the United States, with several hundred community members 

now living in diaspora communities in or around Oaxaca City, Mexico City, and parts of the 

United States. 

The 2010 Mexican census reported that 90% of Macuiltianguis residents self-described as 

indigenous (INEGI, 2010). Values in line with indigenous identity are visible in all aspects of 
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community life: in governance (a form of autonomous, representative democratic government 

unique to Latin American indigenous communities called usos y costumbres), in numerous 

festivals and other traditions, in the relationship to the land as realized through the local 

sustainable forestry industry, and in food preparation. At the same time, most members of the 

community are highly connected to life outside of Macuiltianguis. Nearly everyone has close 

family members living outside of the community. Members of younger generations tend to use 

social media and express an interest in learning English.  

The 2010 census report showed a rapid decrease in the number of indigenous language 

speakers in the Macuiltianguis municipality over the last two generations, with 96% of people 

over age 45 but only 36% of people ages 5-14 reporting that they spoke an indigenous language 

(INEGI, 2010). Echoing Foreman (2006), I find these numbers somewhat surprising because 

through my fieldwork, including one year living in the community, I have encountered no 

Zapotec-speaking children between the ages of 5 and 14. However, some children in this age 

group do have good Zapotec comprehension skills, and there are reports of children who speak 

the language in the diaspora community near Mexico City. The young people identified as 

speakers in the 2010 census may all be residents of Luvina, or they may be newer migrants to the 

community who do not speak the traditional Zapotec language but rather a neighboring 

Chinantec language. The census data do not distinguish which indigenous language an individual 

speaks, and many residents of neighboring Chinantec communities have migrated to 

Macuiltianguis in recent years to work in the community’s forestry industry. In Macuiltianguis I 

have encountered children in the 5-14 age group who speak a Chinantec language. 

In 2003, with the passage of the Ley General de Derechos Lingüísticos de los Pueblos 

Indígenas, the Mexican government officially recognized the rights of indigenous communities 
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to speak their languages. This followed a long and complex history of Hispanicization of 

indigenous communities in Mexico dating back to colonization in the early sixteenth century 

(Hamel, 2008a, 2008b; Heath, 1972; Sicoli, 2011). Sources point to the founding of the national 

Secretaria de Educación Pública in 1920 as a turning point in hostile government policy towards 

indigenous languages in Mexico (Beam de Azcona, 2016; De Korne, 2016; Hamel, 2008a, 

2008b; Montemayor, 2003). Official assimilationist policies continued through the 1970s with 

only isolated and shortlived exceptions (Hamel, 2008a). Although Mexico has had an official 

program of bilingual indigenous education since the late 1970s, the most common practices in 

Mexico’s bilingual schools still “propel [a] transition to Spanish” (Hamel, 2008b, p. 305). San 

Pablo Macuiltianguis has never had a bilingual school. The community has a public elementary 

school and public secondary/boarding school; at both schools instruction is conducted entirely in 

Spanish. Zapotec-speaking members of the Macuiltianguis community recall being castigated 

and sometimes corporally punished by teachers at the elementary school for speaking Zapotec, 

especially throughout the 1960s. One resident reported that teachers went door-to-door asking 

parents to speak Spanish and not Zapotec to children at home. Many older residents point to this 

time period as the impetus for the current decline of the Zapotec language in the community. 

Such stories are similar to what has been reported in other indigenous communities across 

Oaxaca (e.g., de Korne, 2016; Sicoli, 2011). 

Efforts to revitalize Macuiltianguis Zapotec began in 2008 with a grassroots initiative by 

a small group of speakers led by retired primary school teacher Raquel Cruz Manzano to 

establish a standardized alphabet for the language. Since then the group has launched a cohesive 

effort to revitalize the language, producing a number of printed resources with funding from 

small municipal, state, and federal grants. The resources include an alphabet and word list, a 
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Bingo game, a domino game, a booklet of songs and stories, a book on counting and 

measurement, and a book on the community’s history and traditional knowledge. In 2010, they 

registered a learning center to teach Zapotec to children with the Center for the Study and 

Development of the Indigenous Languages of Oaxaca (CEDELIO), who provide occasional 

professional development opportunities for indigenous language activists; they do not provide 

any direct funding. Between 2010 and 2015, Ms. Cruz Manzano sporadically taught project-

based, extracurricular Zapotec classes to local children. In 2014, Ms. Cruz Manzano and another 

member of the Zapotec revitalization group attended a workshop on task-based language 

teaching (TBLT) that I offered through CEDELIO. From this point we formed a collaboration to 

apply TBLT in the Macuiltianguis Zapotec classroom with the goal of increasing learners’ 

spoken interaction in the language. The data for the current study were collected between August 

2015 and June 2016 during which period I was onsite in Macuiltianguis working closely with the 

instructor to design and carry out Zapotec lessons using a task-based approach. Chapter 5, 

Section 5.1 further elaborates on the instructional context for the study. 

3.2 Macuiltianguis Zapotec 

Macuiltianguis Zapotec joins with a handful of Zapotec varieties spoken in the area, 

including the better-documented San Juan Atepec Zapotec (N. B. Nellis & Nellis, 1983), to form 

a group of Northern Zapotec varieties referred to as Sierra Júarez Zapotec (ISO 693-3, zaa). In 

this dissertation I use the term Macuiltianguis Zapotec to refer to the particular variety 

traditionally spoken in the community of San Pablo Macuiltianguis proper, at the exclusion of 

the varieties spoken in San Juan Luvina, San Juan Atepec, and other neighboring communities 

considered to speak closely related varieties of Zapotec. 
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3.2.1 Morphosyntax 

Like other Zapotecan languages (Beam de Azcona, 2016), Macuiltianguis Zapotec is a 

head-initial language with VSO word order. Verbs roots take a prefix that marks tense, aspect, or 

mood (TAM) (Beam de Azcona, 2016). Derivational affixes (e.g., statives, adjectives, versives, 

causatives) optionally appear between the TAM marker and the verb root. Subject and object 

pronouns and a variety of adverbial morphemes can follow the verb as enclitics (Foreman, 2006). 

The example in (3.1) shows the verb ‘to clean’ marked for habitual aspect and followed by a 

second person singular subject clitic and a third person singular object clitic. 

(3.1) rulapalu na 
 ru-lapá   =lùʔ  =nà 
 HAB-clean  =2SG  =3SG 
 ‘you clean it’ 
 
Noun phrases are head-initial with the exception of quantifiers and plural markers. Nouns 

may be followed by their modifying adjectives, possessors, prepositional phrases, relative 

clauses, and demonstratives, usually in that order (Foreman, 2006). Examples of noun phrases in 

Macuiltianguis Zapotec are given in (3.2) through (3.5). The target forms in the current study are 

isolated nouns and adjectives such as the words for ‘dog’ and ‘white’ given in (3.2). 

(3.2) beku' sitsi                            Foreman, 2006, p. 204 
bekuʔ  sítsí 
dog white 
‘white dog’ 

 

(3.3) xkuanatoya 
ʂkwána     =tó     =jaʔ 
uncle     =DIM  =1SG 
‘my dear uncle’ 
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(3.4) tsi'iya lo radiu                   Foreman, 2006, p. 308 
tsíʔì =jaʔ  lo      radiu 
voice =1SG on     radio 
‘my voice on the radio’ 

  

(3.5) bestidu yaxi nu' guyo'oyani               Foreman, 2006, p. 204      
bestidu jaʂi         nuʔ    gujóʔò      =jaʔ =ni   
dress expensive   REL  CMP.buy  =1SG  =PROX 
‘this expensive dress that I bought’ 
      

3.2.2 Phoneme inventory 

The consonant inventory of Macuiltianguis Zapotec is given in Table 3.1. Words 

borrowed from Spanish may also include the consonants /f/, /x/, and /ɲ/ which are not shown in 

Table 3.1. (Words with these sounds were not included in the study.) All consonants with the 

exception of the rhotic /ɾ/ can be grouped into contrastive pairs in which a long, geminate, or 

fortis segment contrasts with a short, singleton, or lenis segment (see Table 3.2). This type of 

distinction among consonants is attested in all Zapotec languages, and most modern descriptions 

of Zapotec languages refer to this as a fortis/lenis contrast (Beam de Azcona, 2016). These terms 

refer to a contrast in articulatory strength that is manifested phonetically through language-

specific manipulations of length, voicing, or intensity (Arellanes Arellanes, 2009; Chávez Péon, 

2010; Uchihara & Báez, 2016; see also Dicanio, 2008). Teodocio Olivares (2009) in his analysis 

of Betaza Zapotec considers the fortis/lenis distinction to conceptually take the place of the more 

cross-linguistically common voiceless/voiced distinction. I follow other modern descriptions of 

Zapotec languages in using the terms “fortis” and “lenis” rather than the terms “geminate” and 

“singleton,” though I believe either set of terms may be appropriate for Macuiltianguis Zapotec.7 

 
7 In other Zapotec languages voicing is a reliable cue to the fortis/lenis distinction among obstruents in word-initial 
position while length is a reliable cue only in coda or medial position (e.g., Chávez Péon, 2010 for Quiaviní 
Zapotec). This is one argument that has led linguists to prefer the terms “fortis” and “lenis” over the terms 
“geminate” and “singleton,” since the latter imply a primary difference in length and moraic weight. In 
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Foreman (2006) considers Macuiltianguis Zapotec and its neighbor Atepec Zapotec to 

have a three-way contrast among the retroflex fricatives and the biliabial, dental, velar and 

labiovelar stops. He characterizes the segments in these triplets as singleton voiced, singleton 

voiceless, and geminate. I consider the evidence for the phonemic status of such a three-way 

distinction to be somewhat tentative and prefer a more conservative description in line with the 

two-way distinction attested in other Zapotec languages. However, the retroflex fricatives in 

particular are subject to a large amount of variation (intra-speaker, inter-speaker, and 

allophonic), and there are a handful of lexical items that appear to be produced with a lenis 

(short) /k/ rather than a fortis (long) /kː/ (such as naku ‘mom’ and taku ‘dad’). Therefore I leave 

open the possibility of a three-way phonemic contrast among these consonants and the voiceless 

short velar fricative /k/ and the voiced short retroflex fricative /ʐ/ and both appear in parentheses 

in  Table 3.1. I also have doubts regarding the existence of a phonemic difference between short 

and long bilabial nasal stops, and therefore /m/ appears in parentheses as well. 

 
Macuiltianguis Zapotec, voicing is only a reliable cue in word-initial position for half of the obstruent pairs. Word-
initial voicing is a reliable cue for distinguishing /pː/ /b/, /θː/ /ð/, /kː/ /g/, and /kːw/ /gw/, but not /s/ /tːs/, /tː/ /t/, /tʃ/ 
/tːʃ/, or /ʂː/ /ʂ/. For /s/ /tːs/ the main cue is the segmental difference, though historically the /s/ phoneme was a lenis 
/ts/ that contrasted with the fortis /tːs/ (Foreman, 2006, pp. 25-26). For /tː/ /t/ and /tʃ/ /tːʃ/ the difference is neutralized 
word-initially. For /ʂː/ /ʂ/ some speakers realize a voicing difference while others do not, but all speakers realize a 
length difference at least word-medially. 
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Table 3.1 Consonants of Macuiltianguis Zapotec. 

 Bilabial Dental Alveolar Postalveolar Retroflex Palatal Velar Labiovelar 

Plosives pː  b θː  ð tː  t    kː (k)  g kːw   gw 

Nasal stops mː (m)  nː  n      

Taps/flaps   ɾ      

Fricatives   s  ʂː  ʂ  (ʐ)    

Affricates   tːs tʃ  tːʃ     

Approximants      jː  j   

Laterals   lː  l      

 

Table 3.2 Fortis-lenis consonant pairs in Macuiltianguis Zapotec. 

Fortis Lenis 
/pː/ tapa ‘four’ /b/ tubi ‘one’ 
/θː/ edha ‘lightning’ /ð/ yeda ‘cigarette’ 
/tː/ etta ‘tortilla’ /t/ yeti ‘leather’ 
/kː/    beka' ‘earring’ /g/ naga' ‘ear’ 
/kːw/ gukua ‘happened’ /gw/ langwa ‘also’ 
/nː/ binni ‘bird’ /n/ bini ‘skinny’ 
/ʂː/ bexxi ‘tomato’ /ʂ/ yaxi ‘expensive’ 
/tːs/ yatsi ‘yellow’ /s/ yasi ‘cherry’ 
/tːʃ/ icha ‘head’ /tʃ/ bichi ‘blue’ 
/jː/ beyya ‘knot’ /j/ beyaa ‘prickly pear’ 
/lː/ dilha' ‘cold’ /l/ dila ‘early’ 

 

Macuiltianguis Zapotec exhibits contrast among the five cardinal vowels /a/, /e/, /i/, /o/, 

and /u/. As in other Zapotec languages, there is a relationship between vowel length and the 

fortis or lenis status of a following consonant in which vowels are long on open syllables and 

before word-medial lenis consonants but short before word-medial fortis consonants (D. G. 

Nellis & Hollenbach, 1980; Sicoli, 2007). In Macuiltianguis Zapotec, the vowels that occur with 

Dipping and Rising tones are always long and can be up to twice as long as the lengthened 
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vowels that occur in open syllables and before medial lenis consonants. These long vowels are 

restricted to root-final stressed position. 

Zapotec languages exhibit contrastive phonation on vowels (Beam de Azcona, 2016), In 

Macuiltianguis Zapotec, vowels in unstressed position can be modal (V) or checked, meaning 

followed by a glottal stop (Vʔ) (see Table 3.3). Vowels in stressed position that precede a fortis 

consonant can only be modal (V). Vowels in stressed position in open syllables or preceding a 

lenis consonant can be modal (V) or checked (Vʔ). In addition, each of the five cardinal vowels 

can occur as a rearticulated vowel (VʔV). These rearticulated vowels are restricted to root-final 

stressed syllables. 

Table 3.3 Contrastive vowel phonation in Macuiltianguis Zapotec. 

UNSTRESSED SYLLABLES 
Modal8 Checked  
=na 
=te 
=si 
=ru 

/=nà/ 
/=te/ 
/=si/ 
/=ru/ 

3SG 
‘immediately’ 
‘quietly’ 
‘still’ 

=ya 
=ye 
=li 
=to' 
=nu' 

/=jaʔ/   
/=jeʔ/ 
/=liʔ/ 
/=tòʔ/ 
/=nuʔ 

1SG.SBJ 
3SG.FORM 
3PL 
AUG 
REL 

STRESSED SYLLABLES 
Modal Checked Rearticulated 
ba 
te 
idí 
lo 
tubi 

/bà/ 
/têʔ/ 
/i.ˈðî/ 
/loʔ/ 
/ˈtu.bí/ 

‘tomb’ 
‘ash’ 
‘bitter’ 
‘face’ 
‘one’ 

lha' 
be' 
yi' 
lo' 
ru' 

/lːaʔ/  
/beʔ/ 
/jíʔ/ 
/loʔ/ 
/rúʔ/ 
 

‘leaf’ 
‘air’ 
‘light’ 
‘coal’ 
‘flu’ 

da'a 
de'e 
tsi'i 
ro'o 
yu'u 

/dáʔà/ 
/déʔè/ 
/tsíʔì/  
/róʔò/ 
/juʔú/  

‘corn’ 
‘wall’ 
‘voice’ 
‘buy’ 
‘house’ 

daa 
tee 
lii 
yoo 
tuu 

/da᷅ː/ 
/te᷄ː/  
/lı᷅ː/     
/jo᷅ː/     
/tu᷅ː/  

‘bean’ 
‘lying down’ 
‘straight’ 
‘river’ 
‘rope’ 

naa' 
bee' 
ixii' 
be-loo' 
be-yuu' 

/na᷄ːʔ/ 
/be᷄ːʔ/ 
/iʐı᷄ːʔ/ 
/be-lo᷄ːʔ/ 
/be-ju᷅ːʔ/ 

‘hand’ 
‘nit’ 
‘delicious’ 
‘butterfly’ 
‘man’ 

 

  

 
8 I have found no examples of a modal /o/ vowel occurring in an isolated unstressed syllable. 
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There are also five diphthongs: ia, iu, ua, ue, and ui. Four of these diphthongs can appear 

with rearticulated phonation as exemplified in (3.6). I have not found any examples of /Cuʔi/ 

words. I consider these rearticulated forms to be a type of diphthong because there are no word 

roots of this type with vowel sequences that are not illicit in a modal diphthong. That is, words of 

the type /Caʔe/, /Ceʔi/, /Coʔi/ and so on do not occur. 

(3.6) edhia  ‘black’  ni'a ‘foot’ 
biu'  ‘moon’  li'u ‘inside’   
luesi  ANAPH ru'e ‘give’ 
xua'  ‘corn kernel’ ru'a ‘mouth’ 
ruinna  ‘jealous’ 
 

3.2.3 Word structure and phonotactics  

Word roots in Macuiltianguis Zapotec are monosyllabic or bisyllabic. A small number of 

trisyllabic word roots exist, but in such cases it is generally possible to identify a historic 

borrowing from Spanish. Macuiltianguis Zapotec and a few neighboring varieties are unique 

among Zapotec languages in that they display contrastive stress. The majority of bisyllabic roots 

are stressed on the first syllable but stress can also fall on the second syllable and this must be 

lexically specified, i.e., it is not predictable (3.7). Stress remains on the root when inflectional 

and derivational morphemes are affixed. Root morphemes can have any of the structures listed in 

(3.8). 
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(3.7) Contrastive stress 
 

lani  lani  laní     
/ˈlà.nì/  /ˈla.ni/  /la.ˈni/ 
‘mean’  ‘with’  ‘party’ 
 
xina  xiná       
/ˈʂi.na/  /ʂi.ˈnâ/   
‘fart’  ‘red’   
 
 

 
(3.8) Word structures of root morphemes 

 
Monosyllabic 
CV(n) 
 

/ja/ 
/án/ 

ya ‘tree’ 
an ‘señora’ 

   
CVː /tu᷅ː/ tuu ‘rope’ 
 /dáʔà/ 

/rúʔà/ 
da'a ‘corn’ 
ru'a ‘mouth’ 
 

CjV or CwV /bjúʔ/ biu' ‘month’ 
 /ʂwaʔ/ xua' ‘corn kernel’ 
   
   

Bisyllabic (initial stress) 
ˈC1V.ClenisV  
in which C2 is optionally /ɾ/ or /n/ 

/ˈjé.ðà/ 
/ˈlaɾ.tʃú/ 

yeda ‘cigarrette’ 
larchu ‘onion’ 
 

ˈ(C)V.CfortisV /ˈet.ta/ 
/ˈbej.ja/ 

etta ‘tortilla’ 
beyya ‘knot’ 

 
 
Bisyllabic (final stress) 
(C)V.ˈClenisV 
 
 

/la.ˈni/ 
/i.ˈðî/ 

laní ‘party’ 
idí ‘bitter’ 

   
(C)V.ˈCVʔV /i.ˈsaʔá/ isa'a ‘hot’ 
 /be.ˈláʔà/ bela'a ‘ravine’ 

 
(C)V(n).ˈCVː 
 

/su.ˈmı᷄ː/ 
/in.ða᷅ː/ 

sumii ‘basket’ 
indaa' ‘wild cherry’ 
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Complex codas are prohibited in Macuiltianguis Zapotec. Fortis consonants syllabify as 

both the coda of the preceding syllable and the onset of the following syllable. The only other 

permissible codas are /l/, /ɾ/, and /n/. Of these, /l/ and /r/ are quite rare while /n/ is somewhat 

more common and can occur word finally as in xubán ‘tail.’ At least a subset of fortis consonants 

can appear in onset position, as shown in (3.9). The only complex onsets permitted are 

combinations of /ʂ/ plus a plosive or /n/, see (3.10). In general these forms can be traced to a 

historical /ʂ-/ prefix marking possession. While similar prefixes are still productive in some other 

Zapotec languages, this does not seem to be a productive prefix in Macuiltianguis Zapotec. 

(3.9) pena   /pːena/   ‘ghost’  
 kuachi   /kːwatʃi/  ‘twin’  
 lha'   /lːaʔ/  ‘leaf’  
 tsii   /tːsı᷆ː/   ‘ten’  
 dhagwi'  /θːagwiʔ/ ‘purple’ 
 

(3.10) xtisa   /ʂtîːsa/   ‘language’ 
 xkuana'   /ʂkːwâːnàʔ/  ‘uncle’ 
 xpila   /ʂpîːlà/   ‘cockroach’ 
 xna'  /ʂnaʔ/   ‘mother’  
 

3.2.4 Tone 

Tone is attested in all Otomanguean languages (Campbell, 2017; Kaufman, 2006; Sicoli, 

2005). Many descriptions of Zapotec languages attest Low, High, Falling (or High-Low, HL) 

and Rising (or Low-High, LH) tones (Antonio Ramos, 2007 for San Pedro Mixtepec, who 

describes two rising tones; Arellanes, 2009 for San Pablo Güilá; Beam de Azcona, 2004 for 

Coatlán-Loxicha who also describes a high glottalized tone; Beam de Azcona, 2008 for San 

Bartolomé Loxicha; Beam de Azcona, 2008 for San Agustín Loxicha who describes two falling 

tones; Chávez Péon, 2010 for San Lucas Quiaviní; Covarrubias Acosta, 2010 for Santo Domingo 

de Morelos). Descriptions of other Zapotec languages attest Low, High, and Rising tones but no 
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Falling tones (Beam de Azcona, 2003, 2008 for San Agustín Mixtepec; Pérez Báez & Kaufman, 

2016 for Juchitán de Zaragoza; Ward & Marlett, 2008 for Santa Catarina Quioquitani). Still 

others attest the same three or four tones but also describe a Mid tone that either is or is not 

underlyingly specified (Foreman, 2006 for San Pablo Macuiltianguis; Sicoli, 2007 for Santa 

María Lachixío; Tejada, 2012 for San Juan Atepec and San Pablo Macuiltianguis; Teodocio 

Olivares, 2009 for San Melchor Betaza). For the closely related Chatino languages, descriptions 

are more diverse. Campbell (2016) describes Mid, High, and unspecified tones for Zenzontepec 

Chatino while descriptions of other varieties have described five tones (Villard, 2015 for San 

Marcos Zacatepec) or up to twelve tones (Cruz, 2011 for San Juan Quiahije) (see also Cruz & 

Woodbury, 2014).9 

Some analyses of Zapotec tone describe a system in which underlying tone patterns are 

associated with an entire root morpheme and individual tones map one-to-one onto moras across 

the root (Arellanes Arellanes, 2009; Chávez Péon, 2010; Mock, 1988; Sicoli, 2007). Analyses of 

languages belonging to the Sierra Juárez group, including Macuiltianguis Zapotec, have 

described a syllable-based tone system rather than a system associated with root morphemes 

(Bickmore & Broadwell, 1998; Foreman, 2006; Tejada, 2012). In this dissertation I follow 

previous research on Sierra Juárez Zapotec and assume a syllable-based tone system. However, I 

do not make strong claims regarding the proper analysis of underlying tone specification in 

Macuiltianguis Zapotec, as it is not central to the questions at hand. I focus on the contrasts of 

lexical tones in isolated words because these are the tones that learners hear most often in the 

classroom input, and the questions investigated here are input-driven. I refer the reader to 

 
9 I refer the reader to these original works for details on the tone systems of other Zapotecan languages. Because the 
focus of the current study is on tone acquisition and, to my knowledge, no other studies have investigated Zapotecan 
tone acquisition, I have chosen not to extensively review this work in this dissertation. 
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Riestenberg (2016) for possible analyses of underlying tone specification in Macuiltianguis 

Zapotec. 

The following description of Macuiltianguis Zapotec tone is based on my own fieldwork 

but draws from past work (Bartholomew, 1983; Bickmore & Broadwell, 1998; A. Broadwell, 

2000; Broadwell, Foreman, & Bickmore, 2008; Foreman, 2006; Foreman, Zaragoza, Piña, 

Galván, & Foreman, 2015; Nellis & Goodner de Nellis, 1983; Tejada, 2012; see also 

Riestenberg, 2016). The description is based on a set of 202 isolated words (nouns and 

adjectives) and 42 short phrases. The selection of words purposefully elicited tone contrasts by 

including tonal minimal pairs documented in Atepec Zapotec (Nellis & Goodner de Nellis, 

1983), reported in Foreman (2006), determined through personal communication with Dr. 

Foreman, or observed in my own field notes. To determine tone contrasts at the lexical level, 

words were first grouped according to phonotactic structure, then grouped according pitch 

similarity and checked with native speakers (Pike, 1948). 

Recordings were made with three native speakers of Macuiltianguis Zapotec, one of 

whom is Ms. Cruz Manzano, the Zapotec instructor. Ms. Cruz Manzano was born in 

Macuiltianguis in 1958. She currently resides in the community and has lived there her entire life 

other than 15 years that she spent in Oaxaca City. She still visits Oaxaca City frequently. The 

other speakers are one male and one female, both of whom were born in Macuiltianguis in 1942. 

These two speakers are married to each other and have resided in Estado de México on the 

outskirts of Mexico City since 1969. They currently visit Macuiltianguis several times per year. 

Under the resulting analysis, monosyllabic word roots in Macuiltianguis Zapotec exhibit 

a six-way tone contrast consisting of three level tones (Low, Mid, High) and three contour tones 
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(Falling, Dipping10, and Rising). Root-final stressed syllables of bisyllabic roots exhibit the same 

six-way contrast. Figure 3.2 shows minimal pairs exemplifying this six-way contrast as produced 

by the main instructor of the Zapotec lessons.  

 
Figure 3.2 Six-way tone contrast on monosyllabic roots 

Table 3.4 compares the tone patterns found on monosyllabic roots with those found 

across bisyllabic roots with initial stress. Bisyllabic roots with initial stress contrast five tone 

patterns (Low.Low, Mid.Mid, High.High, High.Low, and Mid.High). Note that a High.Low 

pattern becomes Falling.Low when associated with a bisyllabic root with a lenis medial 

consonant. Because the focus of tone learning in this dissertation is limited to nouns and 

adjectives, all examples given are nouns or adjectives. Verb roots in Macuiltianguis appear to 

exhibit the same set of tone contrasts, but a systematic analysis remains to be conducted to 

confirm this.11 Examples of tonal minimal pairs and near minimal pairs are given in (3.11). 

 
10 Given that the Dipping tone is the only tone with no equivalent pattern in bisyllabic roots (see Table 3.4), it may 
be necessary to reconsider the status of this tone. Because it is also associated in some cases with glottalization or 
another type of laryngeal constriction, it may be better analyzed as a type of vowel phonation. In fact, my 
impression is that the phenomenon that I refer to here as the Dipping tone is in a state of flux between vowel 
phonation and tone. Further acoustic and phonological analyses are needed to clarify the status of the Dipping tone, 
but because it represents a significant pitch contrast from the other tones, and thus represents a pitch contrast that 
learners must acquire, I have included it in the current study. 
11 Tejada (2012) proposed that some syllables of Macuiltianguis Zapotec verbs are toneless and others are specified 
for a Mid tone. At this point I have not found strong evidence for toneless syllables on nouns, but more analysis 
remains to be done. 
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Table 3.4 Summary of tone contrasts in Macuiltianguis Zapotec. 

Monosyllables 
Bisyllables with initial stress 

 Medial lenis 
consonant 

Medial lenis 
sonorant 

Medial fortis 
obstruent 

Medial fortis 
sonorant 

Low ba ‘tomb’ 
/bà/ 

Low.Low besi ‘lion’ 
 /ˈbè.sì/ 

lani ‘ugly’ 
/ˈlà.nì/ 

xxupa ‘six’ 
/ˈʂʂùp.pà/ 

belha ‘snake’ 
/ˈbèl.là/ 

Mid ya ‘tree’ 
/ja/ 

Mid.Mid yeda ‘ear of corn’ 
/ˈje.ða/ 

yela ‘cornfield’ 
/ˈje.la/ 

etta ‘tortilla’ 
/ˈet.ta/ 

beyya ‘knot’ 
/ˈbej.ja/ 

High ta ‘señor.’ 
/tá/ 

High.High luxu ‘mustache’ 
/ˈlú.ʂú/ 

bini ‘what’ 
/ˈbí.ní/ 

sitsi ‘white’ 
/ˈsít.sí/ 

belha ‘fish’ 
/ˈbél.lá/ 

Falling sa ‘day’ 
/sâ/ 

High.Low besi ‘slow’ 
/ˈbé.sì/ [ˈbêː.sì] 

bini ‘skinny’ 
/ˈbí.nì/ [ˈbîː.nì] 

tedhu ‘vine’ 
 /ˈtéθ.θù/ 

belhia ‘cave’ 
 /ˈbél.ljà/ 

Rising 
 

naa ‘be’ 
/na᷄ː/ 

Mid.High gasi ‘seven’ 
/ˈga.sí/ 

xila ‘sister’ 
/ˈʂi.lá/ 

bexxi ‘tomato’ 
/ˈbeʂ.ʂí/ 

benne' ‘person’ 
/ˈben.néʔ/ 

Dipping daa ‘bean’ 
/da᷆ː/ 

 

 
 

(3.11) Examples of tonal minimal pairs or near minimal pairs 
 

Low.Low iyya  Mid.Mid iyya  High.High iyya 
/ˈìj.jà/    /ˈij.ja/    /ˈíj.já/ 
‘flower’   ‘rain’    ‘rock’ 

    
Low   ga  Dipping begaa 

 /gà/    /be.ˈga᷅ː/ 
 ‘nine’    ‘necklace’ 

 
High  xna'  Falling  xiná  Rising  xilaa 

 /ʂnáʔ/    /ʂi.ˈnâ/    /ʂi.ˈla᷄ː/ 
 ‘mother’   ‘red’    ‘heat’ 

 
Falling  yu  Dipping yoo  Rising  yuu 

 /jû/    /jo᷅ː/    /ju᷄ː/ 
 ‘earth’    ‘river’    ‘wheat’ 

 
       

In general, tone and contrastive vowel phonation are independent in Macuiltianguis 

Zapotec. The Low, Mid, High, and Rising tones all appear on both modal and checked vowels. 

Only the Falling tone is subject to restriction; it only occurs on modal vowels. In addition, the set 

of tone patterns that can occur with rearticulated vowels is restricted to HL (v́ʔv̀) or MH (vʔv́) 

(see also Antonio Ramos, 2007 who attests the same restriction in San Pedro Mixtepec). 
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3.2.4.1 Acoustic features of tones 

The acoustic features of Macuiltianguis Zapotec tone are central to this dissertation. 

Chapter 2 introduced four acoustic dimensions hypothesized to contribute to a tone’s acoustic 

salience: pitch height, pitch contour, vowel duration, and contrastive vowel phonation. Here I 

describe the Macuiltianguis Zapotec tone system with regards to these four dimensions based on 

acoustic analyses of recordings of 626 tokens of isolated nouns and adjectives from the three 

native speakers. 

Textgrids associated with the recordings were created in Praat (Boersma & Weenink, 

2017). Each textgrid had a tone tier with intervals aligned to each stressed vowel and labeled 

with a corresponding tone (Low, Mid, High, Falling, Rising, or Dipping). The left boundary of a 

vowel was the point just before the full vowel formant structure was apparent in the spectrogram. 

For final vowels, the right boundary was placed at the point where periodicity was no longer 

visible in the waveform and the second and third formants showed dispersion. In difficult cases, 

the rightmost boundary was placed about one-third of the way through the intensity drop. For 

vowels preceding consonants, the right boundary of the vowel was placed at the beginning of the 

closure. Because the current study is concerned with the portion of the vowel that bears tone, I 

did not include consonant bursts, the glottalized portion of checked vowels in the vowel 

intervals, or any final aspiration. I did include whispered vowels when audible. 

I used Henning Reetz’s Praat script Pitch_contour.praat to extract pitch and duration 

measurements for each tone (http://menzerath.phonetik.uni-frankfurt.de/tools/tools.html). The 

script extracts durations and F0 measurements at 50 equidistant time points12 for each tone 

interval. I extracted pitch values in both Hertz and semitones using the “mean around position” 

 
12 Or any smaller user-defined number. 
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setting with the pitch range set to 75-350Hz. To prepare the data for analysis, tokens with greater 

than 15 missing pitch values were excluded. Outliers (less than or equal to Q1-1.5*IQR, or 

greater than or equal to Q3+1.5*IQR) were identified from the semitone values at each time 

point for each tone. Tokens with a combined count of outliers and/or missing pitch values greater 

than 15 were excluded from analysis. Remaining missing and outlier values were interpolated 

from the five closest pitch values using the FORECAST function in Excel. Pitch errors, outliers, 

and missing values were most common at the beginning and end of the intervals, so the first and 

last two values from each interval were also excluded from the final analysis (i.e., those at 0%, 

2%, 98%, and 100% of the tone duration). The final pitch tracks using the semitone values from 

the three native speakers are shown in Figure 3.3. 

 

 
 

Figure 3.3 Pitch tracks for three native speakers (stressed syllables). 

Means and standard deviations for two parameters of pitch height (average F0 and F0 

offset, i.e., at 94% of the tone duration), one parameter of pitch contour (F0 slope, i.e., F0 

maximum minus F0 minimum), and duration were calculated from the dataset and are given in 

Table 3.5. These results demonstrate that the tone contrast in Macuiltianguis Zapotec does not 

rely on the value of any single acoustic cue but rather on the values of the entire set of acoustic 

cues taken together. In other words, none of the measurements in Table 3.5 is on its own 

sufficient for determining tone contrast. Looking at average F0, for example, the Low and 

Dipping tones have similarly low means, while the High and Falling tones have similarly high 
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means (with Rising and Mid tones in the middle range). The F0 offsets show slightly more 

differentiation, but the Dipping, Mid, and Falling tones have similar offsets as do the High and 

Rising tones. With regards to pitch slope there is interspeaker variation. For Speaker 1 and 

Speaker 2, the Falling tones have the largest pitch slope, but for the Instructor it is the Low tone. 

With regards to duration, the Dipping and Rising tones stand out as by far the longest, followed 

by the Falling tones, with the Low, Mid and High tones consistently shorter but also exhibiting 

some variation. 

Table 3.5 Pitch and duration measurements from native speaker productions (stressed syllables). 

Instructor 
 Average F0 

(semitones) 
F0 offset  
(semitones) 

F0 slope 
(semitones) 

Duration 
(ms) 

 Mean SD Mean SD Mean SD Mean SD 
Low 89.45 1.26 87.35 1.46 4.24 1.69 161.21 69.29 
Mid 90.43 1.65 89.72 2.09 2.22 1.35 176.41 75.36 
High 92.18 1.79 91.58 1.95 1.92 1.07 167.78 64.91 
Falling 92.09 1.78 90.40 1.74 3.32 1.59 211.97 75.69 
Rising 90.57 1.62 92.83 2.03 3.95 1.77 387.78 118.23 
Dipping 88.52 1.56 89.23 1.96 4.02 0.47 490.41 92.98 
         
Speaker 1 (male) 
 Average F0 

(semitones) 
F0 offset  
(semitones) 

F0 slope 
(semitones) 

Duration 
(ms) 

 Mean SD Mean SD Mean SD Mean SD 
Low 86.94 1.93 84.59 2.49 5.16 2.62 127.51 50.23 
Mid 88.14 2.05 87.22 2.71 3.04 1.79 153.96 66.41 
High 90.16 2.06 90.26 2.47 2.67 1.77 117.69 61.36 
Falling 90.35 1.66 87.38 2.81 6.32 2.79 203.41 52.71 
Rising 88.00 2.17 90.51 1.61 5.64 3.30 313.27 41.77 
Dipping 86.43 1.90 87.64 1.68 4.63 1.34 359.61 67.87 
         
Speaker 2 (female) 
 Average F0 

(semitones) 
F0 offset  
(semitones) 

F0 slope 
(semitones) 

Duration 
(ms) 

 Mean SD Mean SD Mean SD Mean SD 
Low 87.71 1.97 85.92 2.84 4.05 2.20 159.08 69.31 
Mid 88.08 2.21 87.38 2.68 2.45 1.53 161.54 63.51 
High 90.37 2.79 90.14 2.80 2.35 3.16 128.05 68.60 
Falling 91.67 1.85 88.66 2.89 5.93 3.11 192.30 53.92 
Rising 88.05 2.36 91.22 2.62 5.48 1.55 397.91 39.95 
Dipping 85.71 1.01 86.61 2.16 5.24 1.88 417.45 67.16 
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A final acoustic cue to tone that will be considered in this dissertation is vowel phonation. 

Only one tone in Macuiltianguis Zapotec is consistently realized with a type of vowel phonation, 

and this is a phonetic characteristic of the Dipping tone. Vowels with a Dipping tone are modal 

at the beginning and end of the vowel but exhibit a constriction in the middle at the same point as 

the pitch drop. Though the precise articulatory characteristics of this constriction are unknown, it 

is sometimes realized as creaky voice as is considered to be a glottal constriction for the purposes 

of this dissertation. An example from the Zapotec instructor is given in Figure 3.4. 

 
Figure 3.4 Glottalization associated with the dipping tone in the word beyaa ‘prickly pear’ produced by Speaker 1. 

3.2.4.2 Frequency distributions of tones 

In addition to acoustic features, this dissertation also centers on the frequency 

distributions of tones in Macuiltianguis Zapotec. The main interest for the purposes of this study 

are the tone token and type frequencies in the input learners received. The counts reported here 

come from the 17,542-word classroom corpus (12 hours 21 minutes of transcribed native speaker 

speech from the 23 Zapotec classes that took place over the 10-month data collection period). All 

Zapotec nouns and adjectives were extracted from the corpus for analysis resulting in 5,134 
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tokens.             Table 3.6 gives the tone type and token frequencies from the classroom corpus 

calculated from both stressed and unstressed positions. Recall that only Low, Mid, and High 

tones can appear in unstressed position. These data demonstrate that the tone token and type 

frequency rankings in Macuiltianguis Zapotec mostly mirror one another. The major difference 

between the two rankings is that Rising tones have a higher token frequency but lower type 

frequency than Low tones in stressed position, but this changes somewhat at each time point (see 

Chapter 4, Section 4.2). 

            Table 3.6 Tone token and type frequencies from the classroom corpus (Periods 1-5). 

Token frequency Type frequency 
Stressed All Stressed All 

M 2021 M 5045 M 105 M 235 
H 1778 H 3200 H 80 H 170 
F 722 L 1019 F 33 L 72 
R 270 F 722 L 24 F 33 
L 228 R 270 R 9 R 9 
D 115 D 115 D 8 D 8 

 
Most tone alternations in Zapotec languages apply to verbs rather than nouns or 

adjectives, so only one type of tone alternations appears in the corpus. The alternation causes 

Low and Mid tones of nouns marked for inalienable first person possession to become High 

tones as in the examples in (3.12). The class of inalienable nouns includes body parts and kinship 

terms among other words. When the right-edge syllable of the noun carries a Low or Mid tone, 

this becomes a High tone in the possessed form. If the first syllable of a bisyllabic root carries a 

Low tone, this becomes a Mid tone in the possessed form. Mid tones remain Mid, and Falling 

tones become High tones. The effects on the first syllable of the root may be considered phonetic 

rather than phonological in nature. 
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(3.12) /dànà/  ‘sibling (of opposite sex)’    [dānájaʔ]  ‘my sibling’ 
/nagaʔ/ ‘ear’       [nāgáʔjaʔ]  ‘my ear’ 
/ʂîbì/  ‘knee’      [ʂíbíjaʔ]  ‘my knee’ 
 

The acoustic and distributional characteristics of Macuiltianguis Zapotec tones make this 

system particularly suited for investigating the overarching question that drives this dissertation: 

Why do L2 learners produce some tones of the target language more accurately than others? In 

Chapter 4, I elaborate my argument that the characteristics of the Macuiltianguis Zapotec tone 

system present the conditions for a natural experiment that pits the acoustic salience hypothesis 

against the input frequency hypothesis because tone types with low acoustic salience (such as 

Mid tones) are the most frequent in the lexicon while tone types with high acoustic salience 

(such as Rising tones) are the least frequent.  

3.2.5 Orthography 

Macuiltianguis Zapotec is largely an oral language. It was rarely written until 2009 when 

the Macuiltianguis Cultural Group produced a standardized alphabet. The alphabet was 

developed with the aid of two linguists and strongly corresponds to the phoneme inventory of the 

language (see Table 3.7). Tone is not represented, but the writing system does reflect the 

distinction between the short vowels that carry Low, Mid, High, and Falling tones, and the long 

vowels that carry Dipping and Rising tones. Long vowels are written as a digraph, as in daa 

‘bean.’ Contrastive stress is also represented and is written with an acute accent like in Spanish, 

as in xiná ‘red.’ Glottal stops associated with vowels are represented with a single straight quote 

< ' >, so that checked vowels are written <v'> and rearticulated vowels are written <v'v>. 



 

 100 

Table 3.7 Macuiltianguis Zapotec orthography. 

Consonants 

 Bilabial Dental Alveolar Postalveolar Retroflex Palatal Velar Labiovelar 

Plosives pː  b 
p  b 

θː  ð 
dh  d 

tː  t 
tt  t    kː (k)  g 

k  g 
kːw   gw 

ku  gw 

Nasal stops mː  (m) 
m  m  nː  n 

nn  n      

Taps/flaps   ɾ 
r      

Fricatives   s 
s  ʂː  ʂ  (ʐ) 

xx  x  x    

Affricates   tːs 
ts 

tʃ  tːʃ 
ch  ch     

Approximants      jː  j 
yy  y   

Laterals   lː  l 
lh  l      

 

Vowels 

 Short Long 

Modal a 
a 

e 
e 

i 
i 

o 
o 

u 
u 

aː 
aa 

eː 
ee 

iː 
ii 

oː 
oo 

uː 
uu 

Checked 
aʔ 
a' 

eʔ 
e' 

iʔ 
i' 

oʔ 
o' 

uʔ 
u' 

aːʔ 
aa' 

eːʔ 
ee' 

iːʔ 
ii' 

oːʔ 
oo' 

uːʔ 
uu' 

Rearticulated 
aʔa 
a'a 

eʔe 
e'e 

iʔi 
i'i 

oʔo 
o'o 

uʔu 
u'u 

3.3 Pitch in Mexican Spanish 

In Chapter 1 I described potential ways that the role of pitch in a non-tone L1 can 

influence in L2 lexical tone learning. Languages like English that use pitch as a cue to lexical 

stress may induce some level of categorical pitch perception and bias speakers against perceiving 

certain phonetic differences among tones (e.g., Schaefer & Darcy, 2014a, 2014b). The utterance-

level role of pitch in an L1 may also influence L2 lexical tone learning, though the exact nature 

of these effects remains unclear.  L1 influence on L2 tone learning is not a focus of this 
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dissertation, and studies involving multiple L1 groups are required to best address this issue. 

However, it will be important to consider possible influences of the role of pitch in Spanish on 

the results of this study. If a particular pattern of Zapotec tone production is displayed by all 

learners or by a subset of learners with similar proficiency or vocabulary knowledge, the 

possibility of L1 influence should be considered. 

Spanish exhibits contrastive lexical stress. For example, the verb hablo ‘I speak’ is 

stressed on the first syllable while the verb habló ‘s/he spoke’ is stressed on the second syllable. 

Duration and pitch are the most consistent cues to Spanish stress (Ortega-Llebaria, 2006). 

However, the nature of the association between the pitch peak and the stressed syllable depends 

on the word’s location within an utterance, and this is subject to cross-dialectal variation 

(Michnowicz & Barnes, 2013). Pitch associates with a nuclear stressed syllable of a declarative 

utterance in a different manner than with the non-nuclear stressed syllables that precede it. In the 

current study learners are tested on their ability to produce the Zapotec tone of words in 

isolation, so the behavior of Spanish pitch in nuclear syllables is most of interest. 

Studies of pitch peak alignment across varieties of Spanish have found that F0 dips just 

before a stressed syllable in nuclear position followed by an F0 rise that aligns with the onset of 

the stressed syllable (Face, 1999; Prieto, van Santen, & Hirschberg, 1995). This pattern is 

annotated as LH* where the asterisk represents association with a stressed element. Most 

accounts of Spanish intonation describe prenuclear accents that diverge from this LH* pattern 

and can instead exhibit an L*H pattern that dips on tonic syllable followed by a rise late on the 

tonic syllable or on the following mora (e.g., Face, 2002; Sosa, 1999). However, Sicoli (2007) 

reported that the LH* pattern was present on both nuclear and pre-nuclear accents in the Spanish 

of a Zapotec region of Western Oaxaca, with the pitch peak of nuclear accents generally higher 
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than for pre-nuclear accents. I find the same pattern in Macuiltianguis. Figure 3.5 shows Student 

1 saying in Spanish ya le puedo contestar which translates as ‘now I can respond to her.’ We see 

that the LH* pattern is present throughout the phrase and that the highest peak is associated with 

the nuclear accent, which is on the final syllable of the final word, contestar. Figure 3.6 shows 

Student 6 producing a single word in isolation, aguacate ‘avocado.’ Again there is a dip before 

the stressed syllable and the pitch peak is associated with the stressed syllable.  

 
Figure 3.5 Spanish phrasal pitch alignment: Ya le puedo contestar ‘Now I can respond to her.’ 

 
Figure 3.6 Spanish lexical pitch alignment: aguacate ‘avocado.’ 

Although Spanish is not a tone language, pitch plays an important role in the realization 

of Spanish lexical stress as well as phrase-level intonational distinctions. While L1 influence is 

not a major focus of this dissertation, it is important to consider how the role of pitch in Spanish 

may influence the L2 learners’ production of tone in Zapotec. For instance, learners may simply 
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transfer the Spanish LH* lexical pitch pattern to Zapotec. Or, they may be otherwise biased 

towards associating high pitch with stressed syllables. The potential influence of Spanish in the 

current study is revisited as part of the discussion in Chapter 7. 

3.4 Chapter summary 

In this chapter I have provided a description of the target language for the study. Section 

3.1 described the community of San Pablo Macuiltianguis, Oaxaca, Mexico where the target 

language originates. Section 3.2 gave a linguistic description of Macuiltianguis Zapotec with an 

emphasis on the phonological system and a detailed explanation of lexical tone. This description 

lays the foundation for the hypotheses of this dissertation (Chapter 4). Section 3.2.5 provided 

information about the role of pitch in Mexican Spanish. With this understanding of the linguistic 

background of the study, it is now possible to outline the predictions for this dissertation in 

detail, which I do in the next chapter. 
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CHAPTER 4:  HYPOTHESES 

The goal of this chapter is to revisit the acoustic salience and input frequency hypotheses 

introduced in Chapter 2 in consideration of the target language tone system presented in Chapter 

3. Both hypotheses have the potential to explain why learners produce some tones of a tonal L2 

more accurately than others, but the characteristics of the Macuiltianguis Zapotec tone system pit 

the two hypotheses against one another. Tones with low acoustic salience are less frequent in the 

Zapotec learners’ input while tones with high acoustic salience are more frequent. In this chapter, 

I outline the predictions of each hypothesis with regards to the target language. 

4.1 The acoustic salience hypothesis (H1) 

The acoustic salience hypothesis states that asymmetries in L2 lexical tone learning will 

be predictable from differences in the acoustic salience of the tones in the target language 

inventory. In Chapter 2, I outlined an operationalization of acoustic salience for L2 tone learning 

that includes pitch height, pitch contour, vowel duration, vowel phonation, and the acoustic 

similarity of the tones in the inventory. High pitch, rising pitch contour, long duration, the 

presence of glottalization, and acoustic distance from other tones are all expected to contribute to 

a tone’s acoustic salience. The acoustic salience hypothesis predicts that learners will be most 

accurate at producing the most salient tones, and that in their tone productions, learners will be 

more accurate at producing salient acoustic cues than non-salient acoustic cues. In the following 

section, I outline and describe four specific predictions of the acoustic salience hypothesis.  

4.1.1 Predictions of the acoustic salience hypothesis 

H1a. Learners will accurately produce more (tones with) high pitch targets than (tones with) 
low pitch targets 
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The first prediction of the acoustic salience hypothesis is that learners will accurately 

produce tones with high pitch targets at a higher rate than tones with low pitch targets. That is, 

H1a predicts the following tone hierarchy for Macuiltianguis Zapotec: 

Tones with high pitch targets 
High, Falling, Rising 

 
> 

Tones without high pitch targets 
Low, Mid, Dipping 

   
A corollary prediction of H1a is that learners will accurately produce pitch height cues 

for high pitch targets but not mid or low pitch targets regardless of the target tone. In the current 

study, pitch height is measured in two ways: average F0 across the tone and F0 offset (F0 at 94% 

of the tone duration). F0 onset is not considered to be a reliable cue to tone differentiation in the 

target language (see Chapter 3, Section 3.2.4.1). 

H1b. Learners will accurately produce more (tones with) rising contours than (tones with) 
falling contours and level tones 
 

The second prediction of the acoustic salience hypothesis is that learners will accurately 

produce tones with rising contours at a higher rate than tones with falling contours. Therefore 

H1b predicts the following tone hierarchy for Macuiltianguis Zapotec: 

Tones with rising contours 
Rising, Dipping 

 
> 

Tones with falling contours 
Falling 

 
> 

Level tones 
Low, Mid, High 

 
A corollary prediction of H1b is that learners will accurately produce the rising contours 

associated with the Rising and Dipping tones but not accurately produce the falling contours 

associated with Falling tones. 

H1c. Learners will accurately produce more long tones than short tones 

The third prediction of the acoustic salience hypothesis is that learners will accurately 

produce long tones at a higher rate than short tones. To determine significant duration 

differences, a one-way ANOVA was run using the average tone durations from the instructor 

productions presented in Chapter 3, Section 3.2.4.1. The duration distributions for the tone 
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groups violated the assumption of homogeneity, so a Welch’s correction was applied using the 

oneway.test function in R. Games-Howell post-hoc tests indicated significant differences in 

duration between the Low, Mid, and High tones and the Dipping and Rising tones (p < .05). 

Differences between the Low and Mid tones and the Falling tones were also significant (p < .05). 

The difference between the Falling and High tones was not significant (p = .092) nor were 

differences between the High tones and the Low and Mid tones (p = 1.000 in both cases). Based 

on these results, the following duration hierarchy was established: 

Longest  
Dipping, Rising 

 
> 

 
Falling 

 
> 

 
High 

 
> 

Shortest 
Mid, Low 

 
A corollary prediction of H1c is that learners will produce the long duration associated 

with target Dipping and Rising tones even in the absence of accurate production of other acoustic 

cues of these tones. 

H1d. Learners will accurately produce more glottalized tones than modal tones 

The fourth prediction of the acoustic salience hypothesis is that learners will accurately 

produce glottalized tones at a higher rate than modal tones. The only tone in Macuiltianguis 

Zapotec that is consistently produced with glottalization is the Dipping tone. Therefore, H1d 

predicts the following hierarchy: 

Tones with glottalization 
Dipping 

 
> 

Tones without glottalization 
Low, Mid, High, Falling, Rising 

   
A corollary prediction of H1d is that learners will produce the glottalization associated 

with a target Dipping tone even in the absence of accurate production of other acoustic cues of 

these tones. 

4.1.2 A note on confusability 

The final component of acoustic salience introduced in Chapter 2 was the notion of 

confusability, or a tone’s acoustic similarity to other tones in the inventory. Two tones are 
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confusable when they have a similar pitch shape and a small difference in F0 across the tone. In 

the current study, every tone in the inventory has one acoustically similar counterpart. Figure 4.1 

reproduces the tone pitch tracks from three native speakers of Macuiltianguis Zapotec first 

presented in Chapter 3. The plots show that the tones can be grouped in pairs according to their 

F0 similarities. The Low and Falling tones both exhibit a pitch fall and have similar pitch heights 

at the offset. The High and Mid tones show small F0 height differences throughout their 

durations. The Dipping and Rising tones both exhibit a pitch rise and a similar timing in terms of 

pitch change. 

 

 
 

Figure 4.1 Pitch tracks for three native speakers (stressed syllables). 

The fact that every tone is acoustically similar to one other tone in the target language 

inventory means that confusability is naturally counterbalanced in the current study. I therefore 

make no explicit predictions about the role of confusability as related to the acoustic salience 

hypothesis. 

4.1.3 Acoustic salience: Putting it all together 

The four predictions of the acoustic salience hypothesis generate a set of four different 

expected learner tone hierarchies. In order to make an overall prediction about the effect of 

acoustic salience on tone learning, these four hierarchies can be combined into a single hierarchy 

by applying a simple weighting procedure known as the analytic hierarchy process (e.g., Saaty, 
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2010). In this procedure, a hierarchy is established with the ultimate goal at the top, the criteria 

leading to that goal at the middle level, and the alternatives for each of the criteria at the bottom 

level. In this case, the ultimate goal is to be the most salient tone. The criteria are pitch height, 

pitch contour, duration, and glottalization. The alternatives are the six tone types. In other words, 

each of the six tones is “competing” to be the most salient tone. Figure 4.2 shows how this 

process works.  

 
Figure 4.2 Analytic hierarchy process for acoustic salience. 

As shown in Figure 4.2, each element of the hierarchy is assigned a numerical weight. 

This can be derived through value judgments or empirical means, but for the purpose of 

generating an initial hypothesis I have weighted each element using default values as follows. At 

the criteria level, the four acoustic cues to tone were assigned equal weights. At the alternative 

level, each tone was assigned a weight by virtue of its ranking compared to the other tones. An 

overall weight was then assigned to each tone by taking the sum of each criterion weight times 

each alternative weight. For example, the overall weight for the Dipping tone is .25x0 + .25x.25 

+ .25x.25 + .25x.25 = .188. The overall weight for the High tone is .25x.25 + .25x0 + .25x.083 + 

.25x0 = .083. The result is the following overall tone hierarchy for acoustic salience:  

Most salient 
.188  
Dipping, Rising 

 
 
> 

 
.136 
Falling 

 
 
> 

 
.083 
High 

 
 
> 

Least salient 
0 
Mid, Low 

 

Goal: Acoustic 
Salience

1.0

Pitch 
height

.25

High 
targets
(H,F,R)

.25

No high 
targets 
(L,M,D)

0

Pitch 
contour

.25

Rising 
(D,R)
.25

Falling
(F)

.125

Level
(L,M,H)

0

Duration
.25

Longest
(D,R)
.25

F
.167

H
.083

Shortest
(L,M)

0

Glottalization
.25

With 
(D)
.25

Without 
(L,M,H,

F,R)
0
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That is, the acoustic salience hypothesis predicts that the Zapotec learners will be most 

accurate at perceiving and producing Dipping and Rising tones and least accurate at producing 

and perceiving Mid and Low tones. 

4.2 The input frequency hypothesis (H2)  

The input frequency hypothesis states that asymmetries in L2 Zapotec tone production 

will be predictable from differences in the token and type frequencies of tones in learners’ input. 

It further predicts that learners will be most likely to produce accurate tones for words with high 

absolute and relative word token frequency. Section 4.2.1 describes the specific predictions of 

the input frequency hypothesis.  

4.2.1 Predictions of the input frequency hypothesis 

H2a. Likelihood of producing an accurate tone will increase as a factor of tone token frequency 

The first prediction of the input frequency hypothesis is that learners’ tone production 

accuracy will be related to tone token frequency in the input. There are two ways of counting 

tone frequency in the current study. One is to count only the tones of stressed syllables. The 

other is to count the tones of all syllables, both stressed and unstressed. These two counts 

produce slightly different tone hierarchies. Table 4.1 shows the results of both kinds of token 

frequency counts from the corpus for the four data collection periods. These are cumulative 

frequency counts. That is, for Time 1 frequency was calculated across the ten Zapotec classes 

that took place during prior to the Time 1 production test (Period 1). For Time 2, frequency was 

calculated across the ten classes in Period 1 plus the three classes that took place after the first 

production test but before the second production test (Period 1 plus Period 2), and so on.  
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Table 4.1 Tone token frequency counts from the corpus. 

Period 1 Period 2 Period 3 Period 4 
Stressed All Stressed All Stressed All Stressed All 

M 719 M 1963 M 969 M 2584 H 1297 M 3153 M 1606 M 4116 
H 671 H 1169 H 955 H 1735 M 1222 H 2347 H 1602 H 2810 
F 202 L 468 F 342 L 716 F 458 L 898 F 616 L 1029 
R 163 F 202 L 183 F 342 L 232 F 458 L 249 F 616 
L 111 R 163 R 163 R 163 R 179 R 179 R 241 R 241 
D 53 D 53 D 53 D 53 D 62 D 62 D 64 D 64 

 
Table 4.1 shows that the hierarchy produced by counting the tones of stressed syllables 

changes slightly at each time point over the ten-month period, while the hierarchy produced by 

counting the tones of both stressed and unstressed syllables is consistent over time. In either 

case, the overall pattern is clear: Dipping and Rising tones tend to have the lowest token counts 

while Mid and High tones tend to have the highest token counts. H2a thus predicts that learners 

will accurately produce Mid and High tones at the highest rates. 

It is possible that token frequency will not be a predictor of learner’s tone production 

accuracy per se  but rather their tone suppliance, a count of the number of times a learner 

produces each tone type. As reviewed in Chapter 2, sound-level token frequency plays an 

important role in exemplar-based theories of phonological development, which assume that 

tokens of use of a phonological form create clusters of exemplars that in turn form exemplar 

clouds representing abstract phonological categories. In other words, an exemplar-based 

approach to phonological learning accounts for learners’ ability to form categories of 

phonological forms. It does not necessarily predict learners’ ability to correctly match those 

forms to word representations as is tested in this dissertation. It may therefore be the case that 

tone token frequency is related to learners’ rates of tone suppliance, which are an indication of 

the tone categories a learner has established, rather than an indication of how well a learner has 

matched the tone categories to particular lexical items. 
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H2b. Likelihood of producing an accurate tone will increase as a factor of tone type frequency 

The second prediction of the input frequency hypothesis is that learners’ tone production 

accuracy will be related to tone type frequency in the input. Table 4.2 shows the cumulative tone 

type frequency counts from the corpus for stressed syllables and for all syllables for the four data 

collection periods. As was the case for tone token frequency, the tone type hierarchy for stressed 

syllables changes slightly at each time point, while the tone type hierarchy when considering 

both stressed and unstressed syllables is consistent over time. The overall pattern is the same as 

for tone token frequency. Dipping and Rising tones tend to have the lowest type counts while 

Mid and High tones tend to have the highest type counts. Therefore, like H2a, H2b predicts that 

learners will accurately produce Mid and High tones at the highest rates. 

Table 4.2 Tone type frequency counts from the corpus. 

Period 1 Period 2 Period 3 Period 4 
Stressed All Stressed All Stressed All Stressed All 

M 41 M 101 M 56 M 129 M 80 M 183 M 96 M 216 
H 36 H 70 H 47 H 97 H 70 H 144 H 76 H 163 
F 14 L 24 F 18 L 34 F 28 L 59 F 33 L 66 
R 6 F 14 L 9 F 18 L 18 F 28 L 21 F 33 
L 5 R 6 R 6 R 6 R 7 R 7 R 9 R 9 
D 4 D 4 D 4 D 4 D 6 D 6 D 7 D 7 

 
As discussed in Chapter 2, type frequency is related to phonological pattern productivity, 

and may therefore predict learners’ tone overgeneralization. One way to assess learners’ 

overgeneralization of tone types is by calculating learners’ “false alarm” productions for each 

tone.  This is number of times they produce a tone in error. Therefore a corollary prediction of 

H2b is that type frequency will be related to learners’ false alarm rates. 

Recall that L2 learners’ tone productions may not be related to the type frequency counts 

from the classroom corpus if learners are relying on phonetic levels of abstraction different from 

those that determine the target tone system (see Chapter 2, Section 2.2.3). It is hypothesized that 

any of the major acoustic cues of Macuiltianguis Zapotec tone (pitch height, pitch contour, 
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duration, and vowel phonation) are eligible phonetic categories upon which learners might base 

early generalizations about tone. For example, if learners have established phonetic categories 

based on the duration cue but not the other acoustic cues, then learners’ tone production will be 

related not to type frequencies based on the target tone system but to tone type frequencies 

collapsed into two categories: long tones (Dipping and Rising tones collapsed) and short tones 

(Low, Mid, and High tones collapsed). H2a would then predict that because Rising tones have a 

higher type frequency than Dipping tones, learners will produce both Dipping and Rising tones 

as Rising tones. Because Mid tones have the highest type frequency of the short tones, learners 

would be expected to produce Mid tones for all short tones. 

H2c. Likelihood of producing an accurate tone will increase as a factor of word frequency 

The third prediction of the input frequency hypothesis is that learners will be more likely 

to produce accurate tones for words that occur frequently in the input they receive. As 

demonstrated in Table 4.3, word frequency and tone frequency are in a hierarchical rather than 

purely independent relationship. Each item on the tone production tests is a unique observation at 

the word level, and these observations group together at the tone level. It is therefore important 

to consider not only the overall relationship between word frequency and tone accuracy but also 

whether word frequency effects differ for different tones.   
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Table 4.3 Hierarchical relationship between tone frequency and word frequency. 

Student-Time Tone Word Correct/ 
Incorrect  

S1-T1 L word1 0 or 1 
word2 0 or 1 
… 

M  word1 0 or 1 
word2 0 or 1 
… 

H  word1 0 or 1 
word2 0 or 1 
… 

F word1 0 or 1 
word2 0 or 1 
… 

D word1 0 or 1 
word2 0 or 1 
… 

R word1 0 or 1 
word2 0 or 1 
… 

S1-T2 … 
 

H2d. Likelihood of producing an accurate tone will increase as a factor of relative frequency 

The fourth prediction of the input frequency hypothesis is that learners will be more 

likely to produce accurate tones for words with a high relative frequency, a ratio of the frequency 

of the citation form of a lemma to its competitor forms. A word that always appears as its citation 

form will have a relative frequency of 1.0. In the Zapotec corpus, words that have a relative 

frequency of 1.0 are those that never appear with a possessive, adjectival, or adverbial enclitic. 

An example is the word beree' ‘ant’ which always appears in the corpus exactly as beree'. Words 

that appear with enclitics have lower relative frequencies. For example, the word xila ‘sister (of 

female)’ has a relative frequency of .22. It occurs in the corpus as its bare citation form xila 22% 

of the time, but it also appears as the other forms given below in (4.1). H2d predicts that learners 

will be more likely to produce tone accurately for a word like beree' than for a word like xila. 
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(4.1) Lexeme forms for xila ‘sister (of female)’ 

xila 
ʂilá 
‘sister (of female)’ 
.22 
 
 

xilalu 
ʂilá=lùʔ 
sister=2SG 
‘your sister’ 
.13 
 
xilaluha 
ʂilá=lùʔ=á 
sister=2SG=DIST 
‘your sister there’ 
.07 

xilaya 
ʂilá=jaʔ 
sister=1SG 
‘my sister’ 
.55 
 
xilayaha 
ʂilá=jaʔ=á 
sister=1SG=DIST 
‘my sister there’ 
.03 

 

 

As for H2c, it will be important to consider not only the overall relationship between 

relative word frequency and tone accuracy but also whether relative frequency effects differ for 

different tones. Recall that only Mid and Low tones undergo alternations in the corpus, and that 

these tone alternations only occur when nouns are marked for first-person singular inalienable 

possession. An example is given in (4.2), which shows that the lexical item dana ‘sibling (of 

opposite sex) has a relative frequency of .43 in its isolate form which exhibits a Low-Low tone 

pattern. The same word when marked for first-person singular inalienable possession has a 

relative frequency of .55. A corollary prediction of H2d is that learners will find it particularly 

difficult to accurately produce the tones for the set of lexical items like dana which undergo tone 

alternations in the input. 

(4.2) Lexeme forms for dana ‘sister (of opposite sex)’ 

dana 
dànà 
‘sibling (of opposite sex)’ 
.43 

danalu 
dànà=lùʔ 
sibling=2SG 
‘your sibling’ 
.01 

danaya 
dāná=jaʔ 
sibling=1SG 
‘my sibling’ 
.55 
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H2e. Frequency effects will be mediated by learners’ vocabulary knowledge 

The final prediction of the input frequency hypothesis is that frequency effects will not be 

consistent throughout the course of L2 development. Token frequency effects are expected to 

follow the power law of learning (Anderson, 2000; DeKeyser, 2007; 2015) and be greatest at the 

earliest stages of L2 proficiency. Therefore, the relationship between tone and word token 

frequency measures and learners’ vocabulary scores is expected to be strongest for the learners 

with the lowest vocabulary scores. On the other hand, the effects of type frequency and relative 

token frequency are predicted to increase as more input becomes available to learners and as 

their vocabulary knowledge expands. Therefore, the tone relationship between type and relative 

word frequency measures and learners’ vocabulary scores is expected to be strongest for the 

learners with the highest vocabulary scores. 

4.2.2 Input frequency: Putting it all together 

The input frequency hypothesis predicts that asymmetries in L2 tone learning will be 

predictable from the token and type frequencies of tones in learners’ input. The overall hierarchy 

is the same for both token and type frequency:  

Most frequent 
Mid, High 

 
> 

 
Falling, Low 

 
> 

Least frequent 
Rising, Dipping 

 
That is, the input frequency hypothesis predicts that learners will accurately produce Mid 

and High tones at the highest rates and accurately produce Dipping and Rising tones at the 

lowest rates. However, because token frequency is associated with the creation of phonological 

categories, it is possible that tone type frequency will be a better predictor of tone suppliance 

rates than of tone accuracy. Because type frequency is associated with phonological pattern 

productivity, it is also possible that type frequency will be a better predictor of tone 

overgeneralization (measured as false alarms) than of tone accuracy.  
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The input frequency hypothesis further predicts that learners will be more likely to 

accurately produce tones for words that have high absolute and relative token frequencies. 

Because word frequency and tone frequency are in a hierarchical rather than purely independent 

relationship, it will be important to consider whether word frequency effects differ for different 

tones. 

Finally, the strength of frequency effects is expected to change as development proceeds. 

In the current study, a measure of learners’ vocabulary knowledge is used to gauge different 

levels or stages of development. Token frequency effects are hypothesized to be weaker while 

type and relative frequency effects are expected to be stronger for learners with higher 

vocabulary scores. 

4.3 Chapter summary  

This chapter has described the two major hypotheses for this dissertation: the acoustic 

salience hypothesis and the input frequency hypothesis. In Chapter 2 I described the potential for 

each of these hypotheses to explain why learners produce some tones of a tonal L2 more 

accurately than others. In Chapter 3, I provided a description of the Macuiltianguis Zapotec tone 

system and presented the classroom corpus data showing that tones with low acoustic salience 

are less frequent in the Zapotec learners’ input while tones with high acoustic salience are more 

frequent. In this chapter, I outlined the predictions of each hypothesis and showed that they 

oppose one another by resulting in the following hierarchies: 

Most salient 
Dipping, Rising 

 
> 

 
Falling 

 
> 

 
High 

 
> 

Least salient 
Mid, Low 

       
Most frequent 
Mid, High 

 
> 

 
Falling, Low 

 
> 

Least frequent 
Rising, Dipping 

 



 

 117 

Overall, the acoustic salience hypothesis predicts that Zapotec learners will be most 

accurate at producing Dipping and Rising tones and least accurate at producing and perceiving 

Mid and Low tones. The input frequency hypothesis makes a different and nearly opposite 

prediction: Learners should be most accurate at producing Mid and High tones and least accurate 

at producing Dipping and Rising tones. 

In the next chapter, I describe the data collection methods undertaken to investigate 

learners’ tone development in Macuiltianguis Zapotec. This is followed in Chapter 6 by the 

results of the study according to the hypotheses I have outlined in this chapter. 
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CHAPTER 5:  METHODS 

In this chapter I describe the methods employed in the dissertation. The study took place 

between August 2015 and June 2016 at an extracurricular Zapotec language program in San 

Pablo Macuiltianguis, a municipality of the state of Oaxaca in Southern Mexico. The study 

followed seven female students (who ranged in age from seven to eleven at the conclusion of 

data collection) as they engaged in 23 Zapotec classes over the 10-month period, representing 

approximately 40 intact class hours. Each class lesson was audio and video-recorded. The 

recordings were edited to include only intelligible spoken interactions and “teacher talk” (e.g., R. 

Ellis, 1985), then transcribed and translated to Spanish by a native Zapotec speaker, resulting in a 

12 hour, 21 minute corpus (17,542 words). Vocabulary tests and tone production tests were 

administered to the students at four time points during the ten-month period, a tone perception 

test was administered after eight months, and an elicited imitation task was administered at the 

end of the data collection period. The study was designed to map changes in students’ knowledge 

of Zapotec tones over the duration of the study as well as to gauge their overall proficiency and 

accuracy in tone production at the end of the study. In what follows, I describe in detail the 

instructional setting, the participants, the data collection schedule, and the design of the various 

instruments used to collect the data including the classroom corpus. 

5.1 Instructional setting and background 

In 2010, the Grupo Cultural Tagayu' (Macuiltianguis Cultural Group) registered a 

learning center with the Center for the Study and Development of the Indigenous Languages of 

Oaxaca (CEDELIO) with the goal of teaching Zapotec to Spanish-speaking children in the 

Macuiltianguis community. CEDELIO is a state-level gubernatorial organization that provides 

professional development opportunities for indigenous language activists and official recognition 
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of language revitalization projects, though they do not provide funding. The director of the 

Grupo Cultural Tagayu' and main instructor of the Zapotec classes is Raquel Cruz Manzano, a 

retired primary school teacher who was born in San Pablo Macuiltianguis, has lived there most 

of her life, and currently resides there. Ms. Cruz Manzano is bilingual in Spanish and Zapotec 

and self-reports that she is dominant in Spanish and speaks Zapotec at “80 or 90 percent 

proficiency.” Between 2010 and 2015, she sporadically held project-based Zapotec language 

classes for children in the community. 

In September 2014, the Ms. Cruz Manzano and another member of the Cultural Group 

attended a workshop that I led on task-based language teaching (TBLT) (R. Ellis, 2003; Long, 

1985, 2015; Norris, 2009) for indigenous language contexts sponsored by CEDELIO in Oaxaca. 

Following the workshop I visited Macuiltianguis to conduct a task-based needs analysis (Long, 

2005, 2015) and to work with Ms. Cruz Manzano on developing communicative approaches to 

Zapotec language teaching. Ms. Cruz Manzano expressed her interest in better understanding 

why the students struggled so much with Zapotec pronunciation, an inquiry that became the 

impetus for the current study. 

During the data collection period for the current study (August 2015 - June 2016), I was 

onsite in Macuiltianguis and worked with Ms. Cruz Manzano to design and carry out the lessons 

using a task-based approach (Riestenberg & Sherris, under review). Classes were held after 

school 2-3 times per month and ranged in length from 1.5 to 2 hours. Most classes took place in 

the Zapotec language classroom located in the community's municipal building. Some classes 

included excursions to other locations in the community, such as a pre-Columbian Zapotec tomb, 

the homes of native speakers, or shops with native speaker shopkeepers. Explicit explanations of 

Zapotec grammar and pronunciation were limited in these classes. Instead, lessons were designed 



 

 120 

with a communicative emphasis on meaning over form. The class also received support from 

other native speakers of Macuiltianguis Zapotec who occasionally assisted as volunteers in the 

classes. 

5.2 Participants 

The learners in this study were seven female native Spanish-speaking children living in 

Macuiltianguis who attended after-school Zapotec lessons at the learning center between August 

2015 and June 2016. Although 21 different children from the community attended the class at 

some point during this period, the seven learners in the study are those who attended class most 

consistently and completed at least three of the tone production and vocabulary tests.13 All 

learners attended the public primary school in Macuiltianguis, which conducts all instruction in 

Spanish and was unaffiliated with the after-school program. Learners ranged in age from seven 

to eleven at the conclusion of the data collection period; two were second graders, one was a 

fourth grader, one was a fifth grader, and three were sixth graders. All learners were literate in 

Spanish. Experience with Zapotec prior to beginning the program varied, but none of the 

children spoke Zapotec regularly at home.14 In March 2016 each learner completed a background 

interview in which I asked about her experiences with Zapotec both in and outside of the 

classroom setting. Table 5.1 summarizes the seven participants’ experiences with and motivation 

for learning Zapotec, gathered during these interviews and observed during my field stay.  

  

 
13 Another student (age 6/1st grade) was originally given the ID “Student 7.” He completed the first two vocabulary 
and tone production tests but was later eliminated because he performed at floor on the tone tests. He was younger 
than the other students, was just learning to read in Spanish, and had not attended Zapotec classes previously. 
14 It is for this reason that I refer to the learners throughout as “L2” learners. They may also be considered heritage 
learners, as Zapotec is the traditional language of their community. However, these are the children of the generation 
that might be considered the more prototypical heritage learners who report to understand but not speak Zapotec, so 
I consider L2 to be an appropriate designation for the participants in this study. 
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Table 5.1 Participant background information. 

ID Age/Grade Experience with Zapotec Motivations for learning Zapotec15 

S1 10/5th Grandmother lives in home and S1 says she sometimes 
speaks to her in Zapotec but mostly in Spanish. Mother 
understands Zapotec. Father is not from Macuiltianguis 
and does not speak Zapotec. Mostly Spanish is spoken 
in the household. S1 had attended a few Zapotec classes 
in the previous year.  

“It’s the native language of the 
community, passed down from 
generations, it’s a beautiful 
language and our ancestors left it 
for us...When my grandmother 
speaks to me in Zapotec now I can 
answer her.” 

S2 10/5th Aunt lives in home and S2 says she sometimes speaks to 
her in Zapotec but mostly in Spanish. Mother is from a 
different Zapotec community and speaks a semi-
intelligible variety of Zapotec that S2 hears when 
visiting her mother’s hometown. Father understands 
Macuiltianguis Zapotec. S2 had attended several classes 
in the previous year. 

“In order to be able to speak with 
my aunt and the older people in the 
community.” 

S3 7/2nd Grandmother lives in home and speaks Zapotec but S3 
says she speaks to her entirely in Spanish. Mother 
understands Zapotec. Father is not from Macuiltianguis 
and does not speak Zapotec. S3 had attended a few 
Zapotec classes in the previous year. Half-sister of S4 
(same household). 

“We don’t want the language to 
disappear because it’s best to speak 
Zapotec. Sometimes people insult 
the people who don’t speak or 
understand Zapotec.” 

S4 11/6th Grandmother lives in home and speaks Zapotec but S4 
says she always speaks to her in Spanish and only 
speaks Zapotec when she doesn’t want the children to 
understand. Mother understands Zapotec. Stepfather is 
not from Macuiltianguis and does not speak Zapotec. S4 
had attended a few Zapotec classes in the previous year. 
Half-sister of S3 (same household). 

“So that maybe if someone is 
talking bad about you in Zapotec 
you can understand.” 

S5 7/2nd Grandmothers (2), grandfather, and aunt live in home 
and S5 says they speak to her somteimes in Zapotec 
though I couldn’t confirm this. Mother understands 
Zapotec but speaks to S5 in Spanish.  

“Because we barely speak it 
anymore and sometimes people 
speak Zapotec and no one knows 
how to respond.” 

S6 11/6th Arrived in Macuiltianguis at age 7. Mother and 
grandfather live in home and speak Chinantec (a 
neighboring, mutually unintelligible language distantly 
related to Zapotec). Her great-grandfather lives in 
Macuiltianguis and speaks Zapotec but doesn’t speak it 
to S6. She reports that one of the local shopkeepers 
speaks to her in Zapotec sometimes. 

“When I first got here I just spoke 
chilanguita (Mexico City Spanish) 
and the kids asked if I spoke an 
indigenous language and I wanted 
to show them that I could.” 

S8 11/6th Father speaks Zapotec but speaks to S8 in Spanish. 
Great-grandmother lives in Macuiltianguis (in separate 
household) and speaks Zapotec but S8 says she speaks 
to her in Spanish. Mother does not speak Zapotec but 
wanted S8 to speak it. 

“I’m not that interested [in learning 
Zapotec] because it’s really hard 
for me to speak.” 

 
15 These quotes are translated from Spanish. 
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5.3 Data collection schedule 

Data collection began in August 2015 and concluded in June 2016. Table 5.2 summarizes 

the data collection schedule for the study. The data include 23 audio and video recorded 

classroom sessions and accompanying transcripts as well as the results of several tests 

administered to learners over the data collection period. These learner data include picture-

matching vocabulary comprehension tests and lexical tone productions tests at four time points, a 

tone perception test, and an elicited imitation test.  

Table 5.2 Data collection schedule. 

 Classroom observations Learner measures 
Learners who 
completed the 

measure 

Period 1: 
 

August 12 - October 21, 
2015: 
Ten video and audio 
recorded classroom 
observations & transcriptions 

October 27, 2015 (N=3):  
Vocabulary test  
Tone production test 

 
S1, S2, S4 
S1, S2, S4 

Period 2:  
 

November 27, 2015 – 
January 15, 2016:  
Three video and audio 
recorded classroom 
observations & transcriptions 

January 22, 2016 (N=6): 
Vocabulary test  
Tone production test 

 
S2, S4, S5, S6, S8 
S2, S4, S5, S6, S8 

Period 3: 
  

February 5 – March 4, 2016: 
Four video and audio 
recorded classroom 
observations & transcriptions 

March 4 (& 11), 2016 (N=7):  
Vocabulary test  
Tone production test 

 
all 
all 

Period 4: 
 

March 11 – April 15, 2016: 
Three video and audio 
recorded classroom 
observations & transcriptions 

April 15, 2016 (N=7): 
Tone perception test 
 
April 22, 2016 (N=7): 
Vocabulary test 
Tone production test 

 
all 
 
 
all 
all 

Period 5:  
 

April 29 – June 3, 2016: 
Three video and audio 
recorded classroom 
observations & transcriptions 

June 10, 2016 (N=7):16 
Elicited imitation test 

 
all 

 

 
16 Tone production and vocabulary tests were also administered at this time but were not able to be coded in time for 
inclusion in this dissertation. 
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5.4 Classroom corpus 

The learner input data for this study come from 23 audio and video-recorded Zapotec 

language classes collected between August 2015 and June 2016. The original recordings total 

approximately 40 hours and encompass the majority of learners’ participation in the classes 

during the data collection period.17 I edited the video and audio recordings in Apple Final Cut 7 

to include only the intelligible (transcribable) spoken language in the classroom. The resulting 

files totaled 12 hours and 21 minutes of data. These recordings include the speech of the Zapotec 

instructor and native speaker assistants as well as students, at the exclusion of writing tasks and 

other activities for which speech was not able to be captured. In the case of pair and small group 

interactions, video was captured and included in the final recordings but not transcribed. All 

video was recorded using a Nikon D5100 DSLR camera positioned on a tripod in the rear of the 

classroom or near the main focus of the class activity. Audio was recorded via a wireless 

lavaliere microphone worn by the main instructor (Audio Technica Pro 88W-829 VHF Wireless 

system) which fed into a Tascam DR-40 digital recorder that also recorded ambient audio via its 

built-in microphones, resulting in two separate audio tracks. 

The classroom recordings were transcribed by a native speaker of a neighboring variety 

of Zapotec (Atepec) living in Oaxaca City. The transcriber had previous experience transcribing 

Zapotec languages using the transcription software ELAN (Mac version 4.9.4.; Wittenburg, 

Brugman, Russel, Klassmann, & Sloetjes, 2006). I held an initial training session with the 

transcriber to familiarize him with the Macuiltianguis Zapotec orthography and the transcription 

procedures. I segmented the recordings in ELAN and iteratively passed them to the transcriber 

who used ELAN to transcribe all of the speech in the recordings (in Zapotec or Spanish) and 

 
17 With the exception of occasional technical difficulties, losses of power, and long periods focusing on writing 
tasks. 
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additionally translate all Zapotec utterances into Spanish. Although speech by students as well as 

native speakers was transcribed, only the native speaker utterances (17,542 words) were 

transferred to Excel for analysis.  

The native speaker utterances from the corpus were subsequently annotated for factors 

relevant to this study. I first identified all Zapotec nouns and adjectives, including those 

occurring with enclitics, resulting in a list of 5,134 tokens. I coded each syllable of each target 

word for tone. Stressed syllables were annotated as Low, Mid, High, Falling, Rising, or Dipping. 

Unstressed syllables were annotated as Low, Mid, or High. This made it possible to generate the 

tone and word frequency counts for the analyses presented in Chapter 6. 

5.5 Vocabulary tests 

The vocabulary tests were administered using a paper-based, multiple-choice format. 

Learners completed the vocabulary tests in a group setting but were separated so that they were 

unable to see their peers’ answers. The first vocabulary test included 22 items and took 

approximately 10 minutes to complete; each subsequent vocabulary test included 30 items and 

took approximately 15 minutes to complete. Learners listened to a word pronounced twice by the 

native speaker instructor and were asked to circle the picture best matching that word from a set 

of four pictures. See Appendix A for full materials. A sample item is given in Figure 5.1. 

 
Figure 5.1 Sample vocabulary test item.  

Pictures from left to right show a) beyaa ‘prickly pear’, b) beree' ‘ant’, c) betsi' ‘sibling (of opposite sex)’, and d) 
beku' ‘dog.’ The correct response for this item was b) beree' ‘ant.’ 
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All target words and distractors were words that had been the focus of one or more of the 

three preceding lessons. That is, learners had seen flashcards for these words, had been asked to 

repeat and pronounce these words during class, and had participated in listening and speaking 

tasks that drew on these words during the weeks leading up to the test. The pictures were the 

same as those used for flashcards during class lessons. 

Target words and distractors were restricted to non-compound nouns and adjectives. Each 

item included one semantic distractor (pertaining to the same semantic field) and one 

phonological distractor (matching at least one segment for monosyllables and one consonant and 

one vowel for disyllables and trisyllables). The third distractor was a target word tested 

elsewhere on the same test and selected at random. At each time point (see Table 5.2) the target 

words on the vocabulary test were the same as the words tested on the tone production test, with 

the vocabulary test administered immediately prior to the tone production test in all cases. There 

was some repetition of words across time points, but only if the same word had reappeared 

during one of the class lessons directly preceding the test. It was not possible to counterbalance 

items for tone type due to the uneven distribution of tone types in the input learners heard (see 

Chapter 3, Section 3.2.4.2), but a few items on the tests were tonal minimal pairs.  

I scored each vocabulary test for item accuracy resulting in a binary correct/incorrect 

code for each item for each learner at each time point. I then calculated accuracy scores for each 

learner at each time point. One item on the Time 4 vocabulary test was discarded because due to 

a mistake in test creation the target picture did not appear.  

5.6  Tone production tests 

Students’ tone production over time was measured via reading aloud tests that comprised 

the same target items tested on the vocabulary tests (Time 1 k = 22, all other times k = 30). The 
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tone production test took approximately 5 minutes for each learner to complete each time. These 

tests were administered at the same time points as vocabulary tests, immediately after the 

vocabulary testing. For each target word, learners were given the same picture that appeared on 

the vocabulary test and that they had seen during class lessons. This picture was accompanied by 

the written word in Zapotec in large typeface and the translation in Spanish in a smaller typeface 

(see Figure 5.2). I administered each test to learners individually in an empty room down the hall 

from the Zapotec classroom. Learners were instructed to read each word aloud at their own pace, 

taking the time to think about the correct tone and pronunciation of the word in Zapotec. Their 

productions were digitally recorded using a Tascam DR-40 digital recorder mounted to a desktop 

tripod (built-in unidirectional microphone, 44,100Hz sampling rate, 16 bits per sample). See 

Appendix B for full materials. 

 
Figure 5.2 Sample tone production test item. 

Following each test, learners’ productions were organized and segmented using the 

software program Phon (Rose et al., 2006; Rose & Macwhinney, 2014). I and the Zapotec 

instructor listened separately to learners’ productions and coded each item by ear for tone 

accuracy (“correct”=1 or “incorrect”=0). I asked the instructor to focus only on pitch and we 

agreed on three or four examples of accurate and inaccurate tone production before each coding 

session. There were several coding disagreements at each time point. Upon reviewing the codes 

and examining learners’ productions in Praat, it became clear that other phonetic factors affected 

the coding process. In particular, learners often overgeneralized the word-final glottal stops that 

accompany Zapotec checked vowels, producing glottal stops on words that end in a modal vowel 
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in target speech (Riestenberg, 2015).18 If a learner produced a glottal stop in error, the instructor 

sometimes coded this as an incorrect tone, even if the pitch height and contour of the production 

were targetlike. I resolved discrepancies by examining the item in Praat and determining a final 

code based on the relative similarity between the learners' pitch track and the instructor's pitch 

track for the same item. When a discrepancy could not be determined to be due to interference of 

non-tonal acoustic cues, I deferred to the instructor’s code over my own.        Table 5.3 

summarizes intercoder reliability for the tone production test and reports Cohen’s kappa as 

calculated using the kappa2 function of the irr package in R. The data show that I coded more 

items as correct than the instructor and that intercoder reliability improved with time. 

       Table 5.3 Intercoder reliability, tone production test. 

Time 
 

Instructor 
correct 

 
KR 

correct 
Discrepancies Total 

items 
Agreement 

% 
Cohen’s 
kappa 

Final 
correct 

1 15 19 12 66 81.8 .52 17 
2 27 36 23 180 87.2 .56 38 
3 38 40 22 210 89.5 .65 43 
4 34 44 11 210 94.8 .81 38 

 
I then transcribed each production using the International Phonetic Alphabet (IPA) in 

Phon. This served as a way of coding incorrect productions for error type, for instance if the 

learner should have produced a Rising tone but instead produced a High tone. I transcribed every 

syllable of learners’ productions as one of the possible target tones (Low, Mid, High, Falling, 

Rising, or Dipping). I did not include an “other” option because it was too difficult to 

consistently determine whether or not a production should be considered as “other.” This coding 

was done first by ear in comparison to the instructor’s recordings of the same words. I then 

 
18 Learners hear many words in Zapotec that do end in a glottal stop, such as nagaʔ ‘ear’ and gayuʔ ‘five.’ But 
learners often overgeneralized this pattern producing, for example, etta ‘tortilla’ as ettaʔ or tapa ‘four’ as tapaʔ. 
When this occurred, the instructor was likely to code the production as incorrect for tone, even if the tone production 
was otherwise targetlike. This pattern of glottal stop overgeneralization is different from the production of the 
glottalization that accompanies the Dipping tone. Learners tended not to produce the latter (see Chapter 6, 6.2.4). 
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examined the learners’ items in Praat alongside native speaker recordings of the same item and 

adjusted the code as needed. This allowed for the creation of confusion matrices for each learner 

at each test time.  

5.7  Tone perception test 

The tone perception test was a computer-based, forced-choice AX discrimination task 

that tested learners' ability to differentiate the six tones of Macuiltianguis Zapotec. It comprised 

60 items and took about 10 minutes to complete. Learners completed the tone perception test 

individually as I sat nearby. Because the focus of this dissertation is tone production and in order 

to minimize absence from the already limited class time (on the part of the learners and myself), 

the tone perception test was administered only once, on April 15, about 2 months before the 

conclusion of the data collection.  

The test was administered via PsychoPy (Peirce, 2007). Participants listened to sets of 

two nonce words and answered whether they were the same or different by pressing a labeled 

button on the keyboard. The stimulus set consisted of 15 monosyllabic tonal minimal pairs which 

were presented to participants in 60 trials: 30 “different” trials (two presentations of each 

minimal pair counterbalanced for order) and 30 “same” trials (five presentations for each of the 

six tone types). Stimuli were presented with an interstimulus interval of 0.5 seconds and an 

intertrial interval of 1 second each.  

All stimuli on the tone perception test followed a [ba] template. That is, every stimulus 

was a monosyllabic nonce word beginning with the consonant [b] and followed by the vowel [a]. 

The vowel carried one of the six tones found on stressed syllables: Low, Mid, High, Falling, 

Dipping, or Rising. The stimuli were synthesized from native speaker recordings of actual 

Zapotec words recorded using a Tascam DR-40 digital recorder (built-in unidirectional 
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microphone, 44,100Hz sampling rate, 16 bits per sample). The original recordings were of the 

following words: [bàː] ‘tomb’, [jāː] ‘tree’, [táː] ‘señor’, [sâː] ‘day’, [da᷅ːː] ‘bean’, and [na᷄ːː] ‘to 

be’. These were then spliced so that the initial consonant from all words other than 'tomb' was 

removed and replaced with the [b] from ‘tomb’ resulting in the following six items contrasted by 

lexical tone type: [bàː], [bāː], [báː], [bâː], [ba᷅ːː], and [ba᷄ːː]. These semi-artificial stimuli were 

then normalized for RMS amplitude using the script normalize_audio.praat. Vowel length, 

which is a cue to tone type in the target language, was kept consistent with the original 

recordings.  

PsychoPy returned accuracy and reaction time data for each participant. From these data I 

calculated overall accuracy scores for each participant, as well as accuracy scores broken down 

by tone type. 

5.8 Elicited imitation test 

Elicited imitation tests (EITs) require participants to listen to a word, phrase, or sentence 

and then repeat the item as closely as possible to what they heard. In EITs used for second 

language research, the items often increase in length as the test proceeds. Previous research 

shows that EITs offer a measure of implicit grammatical knowledge (Erlam, 2006) and a good 

estimate of learners' global oral proficiency (Klem et al., 2014; Slobin & Welsh, 1973; S.-L. Wu 

& Ortega, 2013). In the current study, learners completed a Zapotec EIT at the conclusion of the 

data collection period. In addition to serving as an estimate of global proficiency, the EIT was 

intended to function as a scaffolded measure of learners' lexical tone production. 
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For the purposes of the present study, a Macuiltianguis Zapotec elicited imitation test 

(EIT) was developed comprising 29 items.19 This test was administered only once, at the 

conclusion of the study on June 10, and took approximately 7 minutes for each learner to 

complete. Two learners, Student 3 and Student 6, left class early that day and did not complete 

the EIT. (These two students did complete a pilot version that is not reported here.) I 

administered the EITs individually in an empty room down the hall from the Zapotec classroom. 

Learners were instructed to listen to each phrase, and upon my indication (pointing at the 

participant) they were asked to repeat the phrase as closely as possible. This was to ensure that 

learners listened to the entire phrase before attempting to repeat. Learners’ productions were 

digitally recorded using a Tascam DR-40 digital recorder mounted to desktop tripod (built-in 

unidirectional microphone, 44,100Hz sampling rate, 16 bits per sample). 

The items drew on phrases that had been used during classroom lessons. I drafted the 

items then checked them with the Zapotec instructor for accuracy. The items were then recorded 

with a different native speaker (Speaker 2 from Chapter 3, same audio specifications). Although 

previous studies with second language learners have used EITs ranging in length from 7 to 19 

syllables (Wu & Ortega, 2013), pilot testing showed that it was necessary to use shorter items, 

likely because the learners in the current study were children and beginner-level Zapotec 

learners. The final test had items that ranged in length from four to nine syllables as shown in 

Table 5.4. The words in red are target words that had previously been tested on the vocabulary 

and tone production tests at least one time point (N = 48). The items were designed to avoid 

forms of these words that involved tone alternations. 

 
19 The test was originally designed to have 30 items but one item was eliminated because the native speaker 
recording for the item was accidentally deleted. 
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Table 5.4 Items on the elicited imitation test. 

 Zapotec English Tones 
(stressed) 

Syllables 

1.  Arka ubaa It’s hot (outside) R 4 

2.  Go'oya beyaa I’m going to buy prickly pear D 4 

3.  Yesi Tagayu' The pueblo of Macuiltianguis F 5 

4.  Go'oya tuu xiná  I’m going to buy red rope D;F 5 

5.  Lhe'e yuto' tee yi'  In the church there are candles M;H 5 

6.  Chupa bia' sitsi Two white horses H;M;H 5 

7.  Gadaya ka ya I’m going to plant trees L 5 

8.  Gua'anriu gu'na ta'a We are going to carry straw bulls M 5 

9.  Diaya ga yida I’m nine years old L;F 5 

10.  Rekuriu mata  We’re putting on jackets M 5 

11.  Laní Gwettesi Lo  Carnaval (lit. Festival of Covering Faces) F 6 

12.  Rua'anya sumii cha' I’m carrying my basket R 6 

13.  Ruttiye daa edhia He sells black beans D;H 6 

14.  Ka naga' xilani  His sister’s ears M;M 6 

15.  Na'a yela aka be' Tonight it will be windy F;H 6 

16.  Antu rka ru'aya  My mouth hurts  6 

17.  Deka' gulha tsu'u bia In the afternoon it will be cloudy L;M 6 

18.  Tu beree' rechana The ant spins around R 6 

19.  Beku'ni rona bela' This dog eats meat H 7 

20.  Ri'yariu inda diga' We’re drinking blackberry juice M;H 7 

21.  Sa Ke' Ka Benne' Yatti Day of the Dead F;H 7 

22.  Astite edaa iyya It’s going to rain soon F 7 

23.  Danalu re'na go xugwe Your brother/sister is eating lunch L;.F 8 

24.  Ka naa'ya naakana dilha' My hands are cold R;H 8 

25.  Xxupa gu, gayu' totse' nna Six potatoes and five chayote L;F;L;H 8 

26.  Ta Koke ruttiye nisi' Mr. Jorge sells milk H 8 

27.  Nankiya guyo'oye ka bixa My mom bought some things M 9 

28.  Gutoya tu betua', tu exxu nna I ate a banana and an avocado M;H 9 

29.  Tu iyya dhagwi' lani lha' ya'a A purple flower with a green leaf L;M;M;H 9 
 

I coded learners’ productions from the EITs using a 0-6 rating rubric (Table 5.5) similar 

to the 4-point rubric created by Ortega, Iwashita, Norris, and Rabie (2002) and used in Wu and 

Ortega (2013). I modified the rubric slightly to distinguish pronunciation errors from lexical or 
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morphosyntactic errors. In addition, I coded each intelligible target word of learners’ repetitions 

for “correct” or “incorrect” tone. 

Table 5.5 Elicited imitation test rating rubric. 

 
6 = Perfect repetition (or with phonetic pronunciation errors only) 
5 = Accurate content repetition with minor segmental or suprasegmental pronunciation errors 
4 = Segmental or suprasegmental changes that affect meaning 
3 = Accurate content repetition with (ungrammatical or grammatical) lexical or morphosyntactic changes of form  
2 = Changes in content or lexical/morphosyntactic changes in form that affect meaning 
1 = Intelligible repetition of half of the stimulus or less 
0 = Silence, only one word repeated, or unintelligible repetition 
 

 

5.9 Chapter summary 

This chapter has described the methods used to examine seven L2 Zapotec learners’ tone 

development over a period of ten months. Section 5.1 described the instructional setting for the 

study noting that the learners participated in two to three task-based Zapotec lessons per month 

that ranged from 1.5 to 2 hours. Section 5.2 provided background about the participants in the 

study. Section 5.3 overviewed the data collection timeline for the study, which involved the 

creation of a multimedia corpus of spoken classroom language and the administration of Zapotec 

assessments at five time points. Section 5.4 described the methods used to create the classroom 

corpus and prepare the corpus data for analysis. Sections 5.5, 5.6, 5.7, and 5.8 described the 

creation, administration, and coding of the vocabulary tests, tone production tests, tone 

perception test, and elicited imitation test respectively. Overall, the methods employed in this 

study provide a detailed picture of the input learners received over the course of the data 

collection period as well as students’ knowledge of Zapotec tones and overall proficiency at the 

end of the study. In the next chapter, I describe how the data collected through these methods 

were analyzed, and I present the results of the analyses conducted to test the hypotheses 

presented in Chapter 4. 
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CHAPTER 6:  RESULTS 

In this chapter I present a set of analyses that examined the effects of acoustic salience 

and input frequency on children’s L2 acquisition of tone in Macuiltianguis Zapotec. In Section 

6.1 I present the overall results of the tone and vocabulary measures collected during the tenth-

month period as well as the elicited imitation task administered at the conclusion of the study. 

Section 6.2 covers the role of acoustic salience in learners’ tone acquisition with a focus on the 

acoustic cues present (or not present) in the tone productions of the two learners with the highest 

overall scores on the tone tests, vocabulary tests, and elicited imitation task. Section 6.3 

examines the relationship between the measures of input frequency from the classroom corpus 

and the results of the tone production tests. Section 6.4 summarizes the results. 

6.1 Overall results 

As described in Chapter 5, learners completed vocabulary tests in concert with tone 

production tests of the same items at either three or four time points over the ten-month data 

collection period. One week before Time 4, they also completed a tone perception test. Seven 

weeks after Time 4 and one week after the final meeting of the Zapotec class, five of the seven 

learners completed the elicited imitation test.  

Table 6.1 shows each learner’s scores on the four instruments with descriptive statistics 

for the vocabulary and tone production tests averaged over the four time points. All learners 

consistently performed much better on the vocabulary tests than they did on the tone production 

tests. At the same time, the vocabulary tests resulted in a wider range of accuracy scores over 

time than the tone tests. The standard deviations (SDs) for the vocabulary test ranged from 8 to 

25 percentage points, while the SDs for the tone production test ranged from 2 to 4 percentage 
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points. Looking across the results of the four instruments, Student 2 and Student 4 stand out as 

the strongest overall performers. 

Table 6.1 Results of vocabulary and tone production tests, tone perception test, and EIT. 

 Vocabulary tests Tone production tests 
Tone 

perception 
test 

EIT 
Mean SD Mean SD 

Student 1 62% 25% 16% 3% 80% 61% 
Student 2 77% 16% 23% 3% 92% 75% 
Student 3 59% 8% 18% 2% 78% - 
Student 4 84% 8% 32% 4% 78% 75% 
Student 5 61% 18% 21% 4% 63% 57% 
Student 6 63% 17% 15% 4% 65% - 
Student 8 53% 23% 14% 2% 67% 38% 

Note: Blank cells indicate missing data, i.e., data were not able to be collected from that student. = .005). 

Table 6.2 gives the results of the vocabulary and tone production tests at each time point, 

and the same data are plotted in Figure 6.1. These scores show quite a bit of variation, and there 

is no clear pattern of improvement over time. A within-subjects multivariate analysis of variance 

(MANOVA) with the vocabulary and tone production tests as dependent variables (DVs) did not 

yield a significant effect for time (p = .073). Given this finding, which is not surprising 

considering the limited amount of input learners received, the remaining results in this chapter 

are collapsed over time. Although time was not a significant predictor of accuracy on the 

vocabulary and tone tests, a Pearson’s test showed a medium-to-large20 correlation between the 

vocabulary and tone production scores (r = .57, df = 21, p = .005). 

 
20 This is according to the standards suggested by Plonsky and Oswald (2014) for second language research. They 
state, “For correlation coefficients, we suggest that rs close to .25 be considered small, .40 medium, and .60 large” 
(p. 889). It should be noted that Plonsky and Oswald’s suggestion is based on consideration of correlation 
coefficients reported in traditional within- (pre/post) and between-groups study designs. However, they are clear that 
their recommendations are meant to apply to the domain of second language research at large. 
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Table 6.2 Accuracy scores on vocabulary and tone tests. 

Student 
Vocabulary Tone Production 

Time1 
k = 22 

Time2 
k = 30 

Time3 
k = 30 

Time4 
k = 29 

Time1 
k = 22 

Time2 
k = 30 

Time3 
k = 30 

Time4 
k = 30 

S1 91% - 45% 50% 18% - 17% 13% 
S2 77% 91% 86% 55% 27% 20% 23% 20% 
S3 - 50% 64% 64% - 17% 20% 17% 
S4 82% 95% 82% 77% 32% 33% 37% 27% 
S5 - 41% 64% 77% - 23% 17% 23% 
S6 - 77% 68% 45% - 20% 13% 13% 
S8 - 77% 50% 32% - 13% 17% 13% 

Note: Blank cells indicate missing data, i.e., data were not able to be collected from that student at that time point.  

 

 

 
 

Figure 6.1 Accuracy on vocabulary and tone production tests. 

Of primary interest for this dissertation is whether learners perceive and produce some 

tones more accurately than other tones as has been reported in previous research on L2 tone 

learning. Recall that the hypotheses presented in Chapter 4 make different predictions about 

which tone types should be easiest to learn. The acoustic salience hypothesis favors the Dipping 

and Rising tones and disfavors the Low and Mid tones. The input frequency hypothesis favors 

the Mid and High tones and disfavors the Dipping and Rising tones. It is therefore necessary to 

examine the results of the tone perception and tone production tests according to tone type. 
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6.1.1 Results by tone: Perception test 

In this section I present the results of the tone perception test. The tone perception test 

was an AX discrimination task, meaning that items were comprised of two stimuli that were 

either congruent (the second stimulus exactly matched the first stimulus) or incongruent (the two 

stimuli differed only in terms of tone). Items were scored as 1 “correct” or 0 “incorrect,” 

resulting in a percentage accuracy score for each learner. There were six different stimuli, each 

representing one of the six tones of Macuiltianguis Zapotec. 

Learners chose the correct response for a total of 314 out of 420 items (74.8%). For 

congruent items, learners were accurate (i.e., chose “same”) on 154 out of 210 items (73.3%). 

For incongruent items, learners were accurate (i.e., chose “different”) on 160 out of 210 items 

(76.2%). Figure 6.2 shows the results of the tone perception test for congruent and incongruent 

stimuli broken down by tone. 

 

 
 

 
 

Figure 6.2 Tone perception test accuracy. 
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For the congruent items, learners were most accurate (32 out of 35; 91%) when both 

stimuli had a Dipping tone. Learners were least accurate when both stimuli had a High tone (19 

out of 35; 54%). Table 6.3 shows the results of a mixed-effects logistic regression model fit to 

the results of the congruent items using the glmer function from the lme4 package in R (Bates, 

Maechler, Bolker, & Walker, 2015). Tone (LL, MM, HH, FF, RR, DD) was entered as a 

sum-coded fixed factor and a random intercept was included for student. The significant p-values 

for DD, FF, and HH indicate a statistically significant difference in accuracy likelihood between 

these levels and the overall mean. 

Table 6.3 Mixed-effects logistic regression, perception test, by item type (congruent items). 

 Estimate Std. Error z-value Pr(>|z|) 

Intercept (RR) 1.2028 0.2598 4.629 3.67E-06 * 
DD 1.2542 0.5277 2.376 0.01748 * 
MM 0.6673 0.4375 1.525 0.12717  
LL 0.2502 0.3936 0.636 0.52508  
FF -0.7729 0.3412 -2.265 0.02352 * 
HH -1.0189 0.3386 -3.009 0.00262 * 

Note: *Statistically significant, p < .05 

For the incongruent items, learners were most accurate on the Mid-Dipping/Dipping-Mid 

pairs; High-Dipping/Dipping-High pairs; Low-Rising/Rising-Low pairs; and Falling-

Rising/Rising-Falling pairs (all 13 out of 14; 93%). Learners were the least accurate on Mid-

High/High-Mid pairs (4 out of 14; 29%). Table 6.4 shows the results of a mixed-effects logistic 

regression model fit to the results of the congruent items using the glmer function from the lme4 

package in R (Bates, Maechler, Bolker, & Walker, 2015; R Core Team, 2017). Tone 

(LM, LH, LF, LD, LR, MH, MF, MD, MR, HF, HD, HR, FD, FR, DR) was entered as a sum-

coded fixed factor and a random intercept was included for student. The significant p-values for 

HF and MH indicate a statistically significant difference in accuracy likelihood between these 

levels and the overall mean. 
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Table 6.4 Mixed-effects logistic regression, perception test, by item type (incongruent items). 

 Estimate Std. Error z-value Pr(>|z|) 

Intercept (LF) 1.46076 0.31032 4.707 2.51E-06 * 
MD or DM 1.25339 0.99237 1.263 0.20658  
HD or DH 1.25336 0.99236 1.263 0.20658  
LR or RL 1.2534 0.99238 1.263 0.20658  
FR or RF 1.25341 0.99239 1.263 0.20658  
LH or HL 0.45508 0.74981 0.607 0.54389  
FD or DF 0.45516 0.74982 0.607 0.54383  
LD or DL -0.06216 0.65268 -0.095 0.92412  
MR or RM -0.06227 0.65267 -0.095 0.92399  
DR or RD -0.06217 0.65268 -0.095 0.92412  
MF or FM -0.46991 0.60245 -0.78 0.43539  
HR or RH -0.46992 0.60245 -0.78 0.43538  
LM or ML -0.82307 0.57516 -1.431 0.15242  
HF or FH -1.46028 0.55998 -2.608 0.00911 * 
MH or HM -2.45182 0.61852 -3.964 7.37E-05 * 

Note: *Statistically significant, p < .05 

Figure 6.3 again presents the results from the incongruent items on the tone perception 

test, but here the results are collapsed for each tone. That is, all pairs that included a Dipping 

tone are collapsed under “D,” all pairs that included a Rising tone are collapsed under “R,” and 

so on. These results somewhat mirror the results for the congruent items; learners were most 

accurate on items that included a Dipping tone (60 out of 70; 86%) and least accurate on items 

that included a High tone (46 out of 70; 66%). 

 

 
 

Figure 6.3 Tone perception test accuracy incongruent items collapsed. 

In sum, the results of the tone perception test show differences in accuracy for different 

tone types as expected. Learners show a pattern of high accuracy for tone pairs that involved the 

Dipping tone and a pattern of low accuracy for pairs that involved the High tone. However, there 
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are some differences between the congruent and incongruent item types. For the congruent items, 

learners show a combined accuracy percentage of 86% on MM pairs, while the percentage is just 

67% for pairs containing Mid tones on incongruent items. Rising tones show the opposite 

pattern. Learners are accurate on 83% of the incongruent items involving Rising tones but on just 

69% of the congruent RR items. 

6.1.2 Results by tone: Production test  

Differences in accuracy for different tone types were also expected for the tone 

production test. Each item on the tone production tests was rated 1 “correct” or 0 “incorrect” by a 

native speaker of Macuiltianguis Zapotec and myself. Discrepancies were resolved using the 

process described in Chapter 5, Section 5.6. Final scores were calculated as a percentage 

accuracy score out of 100%. Table 6.5 shows the results of the tone production by tone tests 

collapsed across the four time points.  

Accuracy by tone was tallied in two ways: 1) the tone pattern across the entire word root, 

and 2) the tone of the stressed syllable only, which is a primary unit bearing tone contrasts in the 

language. The left side of Table 6.5 shows the results according to tone type across the word 

root, while the right side of Table 6.5 collapses these results according to the tone of the stressed 

syllable. Recall that the total counts for each tone type are not equal across groups because 

different tones are represented in the lexicon at different rates. There was only a small set of 

words with Dipping tones that learners heard in the classroom, so there was only a small set of 

words with Dipping tones that could be tested on the tone production test. However, learners 

heard a large number of words with Mid tones, so learners were tested on more Mid-toned 

words. The same data shown in Table 6.5 are presented below as Figure 6.4, where the groups 

have been reordered from highest to lowest percentage accuracy. 
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Table 6.5 Tone production test accuracy by tone. 

Tone 
Word  
Root 

Correct Out of Percentage 
Tone 

Stressed 
Syllable 

Correct Out of Percentage 

 L 5 20 25.0% 
L 8 110 7.3% ˈL.L 3 83 3.6% 

 M.ˈL 0 7 0.0% 
 M 7 13 53.8% 

M 68 217 31.3% ˈM.M 38 85 44.7% 
 M.ˈM 0 7 0.0% 
ˈM.H 23 112 20.5% 
 H 13 23 56.5% H 22 101 21.8% ˈH.H 9 78 11.5% 
 F 5 30 16.7% 

F 17 131 13.0% ˈF.L 7 88 8.0% 
 M.ˈF 5 13 38.5% 
 R 5 29 17.2% R 15 62 24.2%  M.ˈR 10 33 30.3%  
 D 2 20 10.0% D 7 45 15.6%  M.ˈD 5 25 20.0% 
Total 137 666 20.6% 

 

 

 
 

Figure 6.4 Tone production test accuracy. 

The data in Table 6.5 and Figure 6.4 show that, for stressed syllables, learners were most 

accurate at producing Mid tones, followed by Rising, High, Low, Dipping, and Falling tones. 

Table 6.6 shows the results of a mixed-effects logistic regression model with tone (Low, Mid, 

High, Falling, Rising, Dipping) as a sum-coded fixed factor and a random intercept for student. 
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The significant p-values for the Mid and Low groups indicate a statistically significant difference 

in accuracy from the overall mean. 

Table 6.6 Mixed-effects logistic regression, production test (stressed syllables). 

 Estimate Std. Error z-value Pr(>|z|) 

Intercept (High) -1.596 0.1581 -10.092 <2.00E-16 * 
Mid 0.8319 0.1737 4.789 1.68E-06 * 
Rising 0.4149 0.2724 1.523 0.12771  
Dipping -0.1411 0.3584 -0.394 0.69378  
Falling -0.3132 0.2458 -1.274 0.20258  
Low -0.9856 0.324 -3.042 0.00235 * 

*Statistically significant, p < .05 

The accuracy results for the tone production test that I have presented thus far do not take 

into account learners’ error rates. By considering learners’ error rates for each tone alongside 

their accuracy rates in a confusion matrix like the one in Table 6.7, it is possible to get a picture 

of learners’ response biases, that is, their tendencies to produce certain tones regardless of the 

target tone. Table 6.7 compares counts of the number of times each tone was supplied (rows) to 

counts of the number of times each tone should have been supplied (columns). The results show 

that Mid tones were supplied at a much higher rate than other tones (396 out of 666), followed 

by High (164), Low (32), Rising (31), Falling (27), and Dipping (16) tones. 

Table 6.7 Confusion matrix of tones supplied versus tone targets (stressed syllables). 

 L target M target H target F target R target D target Total 
produced 

L produced 7 6 4 8 3 4 32 
M produced 74 142 57 81 28 14 396 
H produced 22 42 48 33 10 9 164 
F produced 5 2 5 11 3 1 27 
R produced 2 3 3 1 15 7 31 
D produced 0 2 0 1 3 10 16 
Total target 110 197 117 135 62 45 666 

 

The same data given in Table 6.7 are shown below in Figure 6.5 analyzed according to 

Signal Detection Theory (SDT) (Green & Swets, 1966; Macmillan & Creelman, 2005). This 

approach compares each tone type according to its hit rate (when the target tone matches the 
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supplied tone), miss rate (when the target tone does not match the supplied tone), false alarm rate 

(when the tone is supplied in error) and correct rejection rate (suppliance of all other tones). A d' 

score was calculated from each tone’s hit and false alarm rates in R using the function 

{qnorm(hit) - qnorm(fa)}. The d' statistic serves as a sensitivity index that teases apart correct 

responses from response bias. Negative d' scores indicate greater response bias while positive d' 

scores indicate lesser response bias. Higher positive d' scores indicate greater accuracy above 

and beyond the accuracy attributable to response bias. 

 

 

Figure 6.5 Tone production hit, miss, and false alarm rates. 

Figure 6.5 shows that learners show the strongest biases towards producing Low tones (d' 

= -.53), High tones (d' = -.52) and Mid tones (d' = -0.49). Learners show a small response bias 

for Falling tones (d' = -.15) and almost no response bias for Rising tones (d' = -.03). Learners 

only show accuracy above and beyond response bias for the Dipping tones (d' = .20). In other 

words, learners produced more false alarms than hits for Low, Mid, High, and Falling tones but 

more hits than false alarms for Dipping tones. For Rising tones hits and false alarms are nearly 

equal. 

To summarize, the results of the tone production tests show differences in accuracy for 

different tone types as expected. Learners were most accurate at producing Mid tones, followed 

by Rising, High, Falling, Dipping, and Low tones. A mixed-effect logistic regression model 

showed statistically differences in accuracy likelihood between the Mid tones and the overall 
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mean and between the Low tones and the overall mean. However, when learners’ errors were 

examined alongside their correct productions using d' scores, a different pattern emerged 

showing that learners’ high rate of accuracy on Mid tones is associated with a response bias. 

That is, learners produced Mid tones at a high rate regardless of whether or not the target was a 

Mid tone. Learners’ accuracy on Low, High, and Falling tones is also associated with a response 

bias. It is only for the Rising and Dipping tones that learners display equal or greater accuracy 

than what response bias accounts for. For the Dipping tones in particular, learners gave correct 

productions more often than they produced Dipping tones in error. 

6.1.3 Results by tone: Elicited imitation test 

Target words from the elicited imitation test were also coded for tone accuracy. As with 

the tone production tests, accuracy by tone was tallied in two ways: 1) the tone pattern across the 

entire word root, and 2) the tone of the stressed syllable only. The left side of Table 6.8 shows 

the results according to tone type across the word root, while the right side of Table 6.8 collapses 

these results according to the tone of the stressed syllable. The same data are reproduced as 

Figure 6.6, where the groups have been reordered from highest to lowest percentage accuracy. 

The results of the EIT show a pattern that differs somewhat from the results of both the tone 

perception test and the tone production test. For stressed syllables, learners were most accurate at 

producing Rising tones, followed by High, Falling, Mid, Dipping, and Low tones. 
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Table 6.8 EIT accuracy by tone. 

Tone 
Word  
Root 

Correct Out of Percentage 
Tone 

Stressed 
Syllable 

Correct Out of Percentage 

 L 1 5 20% 
L 11 40 28% ˈL.L 6 30 20% 

 M.ˈL 4 5 80% 
 M 3 10 30% 

M 43 95 45% ˈM.M 30 60 50% 
 M.ˈM 4 5 80% 
ˈM.H 6 20 30% 
 H 7 10 70% 

H 19 30 63% ˈH.L 2 5 40% 
ˈH.H 10 15 67% 
 F 9 15 60% 

F 22 40 55% ˈF.L 11 15 73% 
 M.ˈF 2 10 20% 
 R 10 15 67% R 15 20 75%  M.ˈR 5 5 100%  
 D 5 15 33% D 5 15 33% 
Total 115 240 47.92% 

 

 

 
 

Figure 6.6 EIT accuracy by tone. 

Table 6.9 shows the results of a mixed-effects logistic regression model with tone (Low, 

Mid, High, Falling, Rising, Dipping) as a sum-coded fixed factor and a random intercept for 

student. The significant p-values for the Rising and Low groups indicate a statistically significant 

difference in accuracy from the overall mean. 
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Table 6.9 Mixed-effects logistic regression, EIT (stressed syllables). 

 Estimate Std. Error z-value Pr(>|z|) 

Intercept (Mid) 0.18792 0.24392 0.77 0.44104 * 
Rising 1.15367 0.49809 2.316 0.02055 * 
High 0.5617 0.3789 1.482 0.13822  
Falling 0.08367 0.32106 0.261 0.79438  
Dipping -0.90533 0.48704 -1.859 0.06305  
Low -1.04005 0.35194 -2.955 0.00312 * 

*Statistically significant, p < .05 

6.1.4 Summary of overall results 

Several noteworthy findings have emerged from the overall results of the vocabulary, 

tone production, tone perception, and elicited imitation tests. The results of the vocabulary and 

tone production tests showed variation both within and among learners. There was no clear 

improvement on either test over time, but the scores on the two tests were correlated. Both the 

tone perception test and the tone production tests revealed differences in accuracy for different 

tone types as expected. On the tone perception test, learners showed high accuracy for tone pairs 

that involved the Dipping tone and low accuracy for pairs that involved the High tone. On the 

tone production tests, learners were most accurate at producing Mid tones and least accurate at 

producing Low tones. However, a Signal Detection Theory analysis showed that accuracy on 

Mid tones was associated with a response bias, and that learners showed accuracy beyond 

response bias only for the Dipping tones. The results of the EIT showed a slightly different 

pattern. Learners were most accurate on Rising tones and least accurate on Low tones. 

6.2 Acoustic salience 

The results presented thus far confirm that learners as a group showed different rates of 

accuracy for different tone types on the tone perception test, the tone production test, and the 

elicited imitation task. This section presents the results of a set of analyses that aimed to answer 

the first research question of this dissertation (RQ1): To what extent can differences in acoustic 
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salience explain asymmetries in L2 tone learning? The acoustic salience hypothesis described in 

Chapter 4 predicts that learners will accurately produce more salient tones at a higher rate than 

less salient tones. The tone hierarchy for Macuiltianguis Zapotec predicted by the acoustic 

salience hypothesis is  

Most salient 
Dipping, Rising 

 
> 

 
Falling 

 
> 

 
High 

 
> 

Least salient 
Mid, Low 

 
The acoustic salience hypothesis also predicts that learners will produce salient cues to 

tone (high pitch, rising contour, long duration, and glottalization) more accurately than less 

salient cues to tone. 

The analyses presented in this section focus on the two learners who performed best on 

vocabulary, tone production, and elicited imitation tests: Student 2 and Student 4. There are a 

few reasons for limiting the focus of analysis to these two learners. First, these are the only 

learners who completed all four tone production tests so they have the most data to examine. In 

addition, they consistently scored higher on the performance measures than the other five 

students (see Table 6.1 and Table 6.2).21 As a result of their stronger performance, these learners 

produced a greater range of accurate tones and therefore offer the best potential for examining 

the effects of acoustic salience on the full inventory of tone types. The other five learners simply 

show less evidence of having acquired the tones at all. 

Two types of analyses are presented. I first describe the nature of the tone asymmetries 

for Student 2 and Student 4 based on the results of the tone perception test (Section 6.2.1) and 

 
21 Student 4 had the highest individual vocabulary score (95% at Time 2) and the highest average (84%). Student 2 
had the second highest vocabulary score (91% at Time 2) and the second highest average (77%). The next highest 
average was 63%. Student 4 had the three highest scores on the tone production test (37% at Time 3, 33% at Time 2, 
and 32% at Time 1) and the highest average (32%). Student 2 had the next highest tone production test score (27% 
at Time 1) and the second highest average (23%). The next highest average was 21%. On the tone perception test, 
Student 2 had the highest score (95%) and Student 4 had the third highest score (78%). The next highest score was 
67%. The two learners tied for the highest score on the elicited imitation test (75%), and the next highest score was 
61%. 



 

 147 

tone production tests (Section 6.2.2). Section 6.2.3 summarizes the answer to the question: 

Which tones do the two students perceive and produce most accurately and which do they 

perceive and produce least accurately? In, Section 6.2.4, I present an analysis of the acoustic 

cues that learners use when they produce tone. 

6.2.1 Tone perception test (Student 2 and Student 4) 

Student 2 scored 92% on the tone perception test and Student 4 scored 78%. Their results 

show somewhat different patterns of tone perception. Figure 6.7 shows the responses for these 

two learners according to item type. For the congruent items, Student 2 scored at ceiling (5 out of 

5) on the LL, HH, DD, and RR pairs and scored 4 out of 5 on the MM and FF pairs. For the 

incongruent items, she incorrectly chose “same” on just three items: the Low-Mid, Falling-Mid, 

and Rising-Mid pairs. Overall, four of the five items that Student 2 missed contained Mid tones, 

two contained Falling tones, one contained a Low tone, and one contained a Rising tone. She 

missed no items that contained Dipping or High tones. 

Student 4 scored at ceiling on the MM and DD items, scored 4 out of 5 on the HH and FF 

items, and scored 3 out of 5 on LL and RR items. For the incongruent pairs, she incorrectly 

chose “same” for seven items: Low-High and High-Low, Mid-High and High-Mid, Falling-High, 

High-Low, and Rising-Dipping. Overall, six of the thirteen items that Student 4 missed contained 

High tones, four contained Low tones, three contained Rising tones, two contained Mid tones, 

two contained Falling tones, and one contained a Dipping tone.  
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Figure 6.7 Results of tone perception test by tone (Student 2 and Student 4). 

In sum, Student 2 and Student 4 show different patterns of accuracy on the tone 

perception test, and they each show slightly different patterns for congruent pairs and 

incongruent pairs. The one clear generalization that emerges from these data is that both learners 

consistently perceive the Dipping tone with perfect or near perfect accuracy. 

6.2.2 Tone production tests (Student 2 and Student 4) 

Student 2’s average score across the four tone production tests was 23%. Student 4’s 

average score across the four tone production tests was 32%. Figure 6.8 shows each student’s 

results by tone type. Both students had the highest accuracy rate for the Rising tones, which is 

different from the group results that showed the highest accuracy for Mid tones. Both students 

had the lowest accuracy rates for the Falling and Low tones, which mirrors the group results. 
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Figure 6.8 Results of tone production tests by tone (Student 2 and Student 4, all four times). 

Confusion matrices of the tones produced by Student 2 and Student 4 are presented in 

Table 6.10 and Table 6.11, and an SDT analysis of the same data is shown in Figure 6.9. The two 

learners’ individual results mirror the group results in two ways. First, the largest response bias is 

for Mid and High tones and the smallest response bias is for Rising and Dipping tones. However, 

Student 2 and Student 4 differ from each other, and from the group, on the Low and Falling 

tones. While the group showed a large response bias for Low tones (d' = -.53), Student 2 shows a 

more moderate response bias (d' = -.27), and Student 4 shows no response bias (d' = .17).  While 

the group showed a small response bias for Falling tones (d' = -.15), Student 2 had no hits at all 

for Falling tones (resulting in a d' score of -infinity) and Student 4 shows no response bias (d' = 

.30). 

Table 6.10 Confusion matrix of tone suppliance versus tone targets (Student 2). 

 L target M target H target F target D target R target Total 
produced 

L produced 1 0 0 1 1 0 3 
M produced 12 26 11 11 2 4 66 
H produced 3 7 11 9 2 2 34 
F produced 1 0 0 0 0 0 1 
D produced 0 0 0 0 2 1 3 
R produced 0 0 0 0 1 4 5 
Total target 17 33 22 21 8 11 112 
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Table 6.11 Confusion matrix of tone suppliance versus tone targets (Student 4). 

 L target M target H target F target D target R target Total 
produced 

L produced 3 2 0 0 0 0 5 
M produced 10 24 13 10 3 1 61 
H produced 3 6 9 6 0 1 25 
F produced 1 0 0 5 0 1 7 
D produced 0 1 0 0 4 0 5 
R produced 0 0 0 0 1 8 9 
Total target 17 33 22 21 8 11 112 

 

 

 
 

Figure 6.9 Tone production hit, miss, and false alarm rates (Student 2 and Student 4). 

From the results of the SDT analysis, it is possible to extrapolate a tone hierarchy for 

each learner. When response bias is taken into account, Student 2 is most accurate on Rising 

tones followed by Dipping, Low, Mid, and High tones. She did not produce any accurate Falling 

tones, so it is not clear where these tones belong in the hierarchy. Student 4 is also most accurate 

on Rising tones, followed by Dipping, Falling, Low, High and Mid tones. These results mirror 

the group results in that the students do not exhibit response bias (more hits than false alarms) for 

the salient Rising and Dipping tones but do exhibit response bias (more false alarms than hits) 

for the frequent Mid and High tones. However, these two learners, and especially Student 4 who 
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is the strongest overall performer, exhibit less response bias overall than the group. In other 

words, rates of tone overgeneralization decrease as learners develop. 

6.2.3 Summary of tone asymmetries (Student 2 and Student 4) 

Student 2 and Student 4’s tone production results only somewhat mirror their tone 

perception results. Student 2 both perceived and produced Dipping and Rising tones well. 

However, while her perception of High tones was quite accurate, her production of High tones 

(once response bias is taken into account) was the least accurate of all. Student 4 both perceived 

and produced Dipping tones well. She was also very accurate in her production of Rising tones, 

which she perceived well in incongruent but not congruent items on the perception test. Recall 

that the acoustic salience hypothesis predicts the tone hierarchy D > R > F > H > L, M for 

Macuiltianguis Zapotec. The results from Student 2 or Student 4 reflect this hierarchy, as the two 

learners tended to most accurately perceive and produce Dipping and Rising tones. 

6.2.4 Acoustic cues 

If tone acoustic salience drives L2 tone acquisition, learners should produce salient cues 

to tone more accurately than they produce non-salient cues to tone (Chapter 4, Section 4.1.1). 

This section presents the results of an analysis of the acoustic cues to tones that Student 2 and 

Student 4 produced. These included two measurements of pitch height (average F0 and F0 

offset), two measurements of pitch contour (F0 slope and pitch shape), vowel duration and the 

presence or absence of the phonetic glottalization associated with the Dipping tone. In the 

following sections, I compare the two learners’ acoustic cue production to each other and to the 

native speaker instructor in order to present an overall picture of the role of salience in acoustic 

cue production. 
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6.2.4.1 Pitch height 

If acoustic salience is a driving factor in L2 tone learning, and if high pitch contributes to 

a tone’s salience, then learners should accurately produce high pitches at a higher rate than they 

accurately produce low pitches. Pitch height in the current study is measured in two ways: 

average F0 across the tone and F0 offset (measured at 94% of the tone duration). The box plots 

in Figure 6.10 compare the average F0s from the stressed syllables of Student 2 and Student 4’s 

tone productions to those of the instructor for the same set of words. F0 values are given in 

semitones to make it possible to compare across speakers. The tone labels indicate the target tone 

for that syllable rather than the actual (transcribed) tone produced by the student. The dark gray 

indicates the second quartile and the light gray indicates the third quartile; the median is where 

these two shades meet. The whiskers indicate 1.5 times the interquartile range. 

 

 
 

Figure 6.10 Average F0 according to target tone (Instructor, Student 2 and Student 4). 
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The acoustic salience hypothesis predicted that learners would produce a higher rate of 

targetlike pitch heights for tones with a high average F0 (High and Falling tones) than tones with 

a low average F0 (Low and Dipping tones). Figure 6.10 shows that students tend to produce 

higher average F0s than the instructor for all tones, a result that would seem to support the 

acoustic salience hypothesis. However, learners’ median average F0s are not higher for the High 

and Falling tones than they are for other tones, a result that contradicts the acoustic salience 

hypothesis. Overall, the learners do not tend to produce targetlike average F0s. The median 

average F0s for the two students do not vary as much across tones as they do for the instructor, 

and both students tend to produce tones with average F0s close to the middle of their own pitch 

range regardless of the target tone. Within each target tone, the learners tend to produce a wider 

range of average F0s than the instructor, and the ranges they produce do not mirror those of the 

instructor. 

I also examined whether learners would produce more targetlike high pitch offsets (High 

and Rising tones) than targetlike low pitch offsets (Low tones). Figure 6.11 compares the F0 

offsets of Student 2 and Student 4 to those of the instructor. As with the measurements of 

average F0 just presented, the learners tended to produce higher F0 offsets than the instructor 

across all six tones. The learners tend to produce higher F0 offsets for the High and Rising tones 

(which is targetlike and in line with the acoustic salience hypothesis) but also for the Falling 

tones (which is not targetlike and not in line with the acoustic salience hypothesis). 
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Figure 6.11 F0 offset according to target tone (Student 2 and Student 4). 

In sum, acoustic measurements of learners’ tone productions related to pitch height 

(average F0 and F0 offset) show mixed support for the acoustic salience hypothesis which stated 

that learners would accurately produce high pitches at a higher rate than they accurately produce 

low pitches. Some results seem to support the acoustic salience hypothesis. Learners tended to 

produce higher average F0s and higher F0 offsets than the instructor across all six tones, and 

learners tended to correctly produce higher F0 offsets for High and Rising tones than for Low, 

Mid, and Dipping tones. However, other results contradict the acoustic salience hypothesis. 

Learners’ median average F0s were generally not higher for the High and Falling tones than they 

were for other tones, and learners tended to incorrectly produce high F0 offsets for Falling tones. 

Overall, learners do not consistently produce targetlike pitch heights for any tones. 
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6.2.4.2 Pitch contour 

If acoustic salience is a driving factor in L2 tone learning, and if rising contour 

contributes to a tone’s acoustic salience, then learners should accurately produce the rising 

contours associated with the Rising and Dipping tones at a higher rate than they produce the 

falling contours associated with Falling tones. 

 Figure 6.12 and Figure 6.13 show average F0 plots for the tones on stressed syllables 

produced by Student 2 and Student 4 in comparison with the tones on stressed syllables produced 

by the native speaker instructor. These plots were created using the same modified version of 

Henning Reetz’s Pitch_contour.praat script used to analyze the native speaker data in Chapter 3 

(http://menzerath.phonetik.uni-frankfurt.de/tools/tools.html). However, I did not use semitone 

values for the students as I did for the native speakers, because the large amount of pitch 

variation in the student tone productions resulted in erratic pitch plots when using semitones. 

Instead, I calculated T-values, a pitch normalization transformation commonly used in tone 

learning research in order generate values that can be compared across speakers who have 

different F0 ranges, first used, to my knowledge, by Ladd, Silverman, Tolkmitt, Bergmann, & 

Scherer (1985). Using the Reetz script, I first generated a list of the actual F0 values in Hertz 

from Praat for each tone token at 50 evenly spaced intervals across the tone duration. This had 

the effect of normalizing the F0 values for duration. Missing values and outlier values that were 

greater than three standard deviations from the mean were, when possible, interpolated using the 

FORECAST function in Excel. If there were not sufficient actual values for the interpolation, 

these tokens were excluded from the data. I then transformed the Hertz values to T-values using 

the formula T = (lgX-lgL)/(lgH-lgL), where X is the value to be transformed, L is the lowest F0 

value for that speaker, and H is the highest F0 value for that speaker. This step normalizes the 

differences in F0 across speakers and results in values that range from 0 to 5. However, it does 
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not normalize well for differences in pitch range across speakers. (Because the focus here is on 

pitch shape only, individual speaker pitch range is not pertinent and should be normalized.) 

Therefore, T values were also z-transformed to further normalize the range of pitches 

represented. This two-step process helped to mitigate the issue of z-transformation directly from 

Hertz values misrepresenting the pitch shapes of level tones (S. Zhang, 2014), and it resulted in 

smoother curves than z-transformation alone. 

In Figure 6.12, the plots are based off of students’ tone productions as they were 

transcribed. That is, they do not take into account the target tone for the items; “R” represents all 

of the student’s productions that were transcribed as a Rising tone (and so on). In Figure 6.13, 

the plots are based off of the target tone for the syllable. That is, “R” represents the average over 

all of the student’s productions when the target was a Rising tone (and so on). 

 

    
 

Figure 6.12 Pitch contours according to transcribed tone (Student 2 and Student 4). 

 

  
 

Figure 6.13 Pitch contours according to target tone (Student 2 and Student 4). 
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According to the plots in Figure 6.12 and Figure 6.13, do learners produce the rising 

contours of the Rising and Dipping tone more accurately than falling contours? Figure 6.12 

shows that Student 2 can accurately produce rising contours, falling contours, and level pitches 

that resemble those of the native speaker, with some issues in terms of timing. Figure 6.13 makes 

it clear that Student 2 tends to accurately produce a rising contour for target Dipping and Rising 

target tones; her issues here are mostly with pitch height. However, she does not produce a 

falling contour for target Falling tones. Her productions for target Falling tones do have a down-

sloping trend, but they do not have the initial short rise that the native speaker exhibits. Instead, 

they have a slight rise at the end. Her target Falling tones, target Mid tones, and target Low tones 

all show a very similar pitch shape. 

 Figure 6.12 shows that in general Student 4 produces pitch shapes that resemble those of 

the native speaker quite closely, with some issues in terms of timing and pitch height. In line 

with the acoustic salience hypothesis, the rising contours she produces are more faithful to the 

native speaker shapes than the falling contour, which does not exhibit the initial short rise 

characteristic of the native speaker falls. Figure 6.13 shows that Student 4, like Student 2, tends 

to accurately produce a rising contour for target Dipping and Rising target tones. Student 4’s 

productions of the Dipping, Rising, and High tones more closely resemble the native speaker 

tones in terms of pitch height and pitch shape than do Student 2’s productions. However, like 

Student 2, Student 4’s target Falling tones, target Mid tones, and target Low tones closely 

resemble each other and do not reflect the native speaker productions. 

In sum, F0 plots of the two students’ tone productions show that they can produce rising 

contours, falling contours, and level pitches that resemble those of the instructor, with some 

issues in terms of timing and pitch height. Both students tend to accurately produce a rising 
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contour for target Dipping and Rising target tones but do not accurately produce falling contours 

for falling tones, a finding in line with the acoustic salience hypothesis. For both students, the F0 

plots for target Falling tones, target Mid tones, and target Low tones closely resemble each other 

and do not resemble the instructor’s productions.  

6.2.4.3 Duration 

The acoustic salience hypothesis predicts that learners should accurately produce long 

tones before accurately producing short tones. If learners’ higher rates of accuracy on the long 

Dipping and Rising tones are related to their duration, then learners should produce long tones 

when the target is a Dipping or Rising tone, even in the absence of accurate production of other 

acoustic cues to these tones. 

Figure 6.14 shows box plots that compare the two learners’ tone duration measurements 

to those of the instructor based on the target tone for each syllable. The acoustic salience 

hypothesis is somewhat borne out by the duration data. For both learners these tones have higher 

medians than other tones (indicating longer duration), and the longest tone produced by each 

learner is either a Dipping or Rising tone. Learners accurately produced Dipping and Rising 

tones with a duration within the instructor range for a few tokens. However, learners did not 

always produce Dipping and Rising targets as long. That is, their accurate production of this 

duration cue is not categorical. 
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Figure 6.14 Duration according to target tone (Student 2 and Student 4). 

Student 2 is more accurate with regards to tone duration than Student 4. Student 2 

produced duration within the native speaker range for two target Dipping tone tokens and three 

target Rising tone tokens, while Student 4 produced duration within the native speaker range for 

just one token, a target Rising tone. This result is interesting considering that Student 4 is more 

accurate in her production of rising and dipping contours than Student 4, as reported in Section 

6.2.4.2. 

Figure 6.15 gives an example of how these two learners differ with respect to the duration 

and pitch contour cues. The figure compares productions by the instructor and two learners for 

the word besii' which translates in Spanish to ‘copalero,’ a small dish for burning incense. On the 

left is the instructor's production of this word. The second syllable carries a Rising tone with a 
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duration of 317ms. In the middle is a production of the same word by Student 2. For Student 2 

the second syllable is 282ms long, but the pitch track is flat and does not show the rising 

movement that the instructor produces. On the right is Student 4. Her production of the second 

syllable has a rising shape similar to the shape produced by the instructor, but the length of the 

vowel is quite a bit shorter at 231ms.  

 

 
 

Figure 6.15 Duration versus pitch contour (Student 2 and Student 4). 

To summarize, the duration measurements support the prediction that learners produce 

target Dipping and Rising tones as longer than other tones. However, learners only sometimes 

produce these tones with a duration that is within the native speaker range for these tones. 

Student 2 is more accurate in her production of long tone duration than Student 4 while Student 4 

is more accurate than Student 2 in producing rising and dipping contours. 

6.2.5 Summary of acoustic salience results 

This section presented the results of a series of measures designed to address the first 

research question of this dissertation: (RQ1): To what extent can differences in acoustic salience 

explain asymmetries in L2 tone learning? In order to best be able to examine the effects of 

acoustic salience on the full inventory of tone types, the analyses presented in this section 

focused on the two learners who performed best on the vocabulary, tone production, and elicited 
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imitation tests, Student 2 and Student 4. Acoustic salience was hypothesized to affect the results 

in two ways. First, the results were expected to show the following tone accuracy hierarchy: 

Dipping, Rising > Falling > High > Low, Mid. The results of the tone perception and production 

measures were largely in line with this hypothesis. Learners tended to most accurately perceive 

the Dipping tones, and they produced the Rising tones at the highest accuracy rates. When 

response bias was considered, learners were most accurate at producing both the Rising and 

Dipping tones.  

Second, learners were expected to produce salient cues to tone (high pitch, rising contour, 

long duration, and glottalization) more accurately than less salient cues to tone. With regards to 

this hypothesis, different acoustic cues yielded different results. Acoustic measurements of these 

two learners’ tone productions related to pitch height (average F0 and F0 offset) only somewhat 

bore out the predictions of the acoustic salience hypothesis. Learners tended to produce higher 

average F0s and F0 offsets (in semitones) than the instructor across all six tones; they did not 

tend to produce higher pitch heights for high pitch targets than low pitch targets. On the other 

hand, analyses of learners’ pitch contour productions were more in line with the acoustic salience 

hypothesis. Both Student 2 and Student 4 tended to accurately produce a rising contour for target 

Dipping and Rising target tones but did not accurately produce falling contours for Falling tones. 

With regards to duration, the results were somewhat mixed. Learners did tend to produce target 

Dipping and Rising tones as longer than other tones. However, only a few of these were 

produced with a duration within the native speaker range. As mentioned at the beginning of this 

section, of the eight target Dipping tones that Student 2 and Student 4 produced, Student 4 

correctly produced glottalization for just one item. This low rate of glottalization production is 

not in line with the prediction of the acoustic salience hypothesis. 
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Overall, however, many results presented thus far are in line with the acoustic salience 

hypothesis. As a group learners were more accurate at producing and perceiving Dipping and 

Rising tones than other tones, particularly when response bias was taken into account, and the 

two highest performing learners showed that they could accurately produce the rising contour 

and long duration cues associated with these tones. Interestingly, the results revealed a difference 

between Student 2 and Student 4 with regards to acoustic cue production. Student 4 correctly 

produced pitch shape at a higher rate than Student 2, while Student 2 correctly produced long 

duration at a higher rate than Student 4. The two remaining cues expected to contribute to 

acoustic salience, high pitch and the presence of glottalization, did not seem to have a facilitative 

effect on learners’ tone production. 

6.3 Input frequency 

This section presents results related to the second research question of this dissertation 

(RQ2): To what extent can measures of input frequency explain asymmetries in L2 tone 

learning? The input frequency hypothesis predicts that learners will produce more frequent tones 

with higher accuracy than less frequent tones. The tone accuracy hierarchy for Macuiltianguis 

Zapotec predicted by the input frequency hypothesis is the same for both token and type 

frequency:  

Most frequent 
Mid, High 

 
> 

 
Falling, Low 

 
> 

Least frequent 
Rising, Dipping 

 
Given the results presented in Section 6.1, there is reason to believe that tone input 

frequency influences tone production accuracy. On the tone production tests, learners were most 

accurate at producing Mid tones, a result not predicted by the acoustic salience hypothesis. 

However, the Signal Detection Theory analysis presented in Section 6.1.2 showed that accuracy 

on Mid tones was mostly attributable to response bias, and that learners showed accuracy beyond 
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response bias only for the Dipping tones. Understanding the effects of tone frequency on 

learners’ tone productions therefore requires looking beyond tone accuracy to examine the roles 

of tone and word-level measures of input frequency.  

6.3.1 Tone-level frequency measures 

Measures of tone token frequency and tone type frequency were extracted from the 

corpus to examine their effect on learners’ tone production. The frequency measures were 

calculated cumulatively at each time point. That is, for items on the Time 1 production test, 

frequency was calculated across the ten Zapotec classes that took place during prior to the Time 

1 production test (Period 1). For items on the Time 2 production test, frequency was calculated 

across the ten classes in Period 1 plus the three classes that took place after the first production 

test but before the second production test (Period 1 plus Period 2). The analyses presented here 

are limited to the tones of the stressed syllables of the word roots that occurred in the corpus, 

which is a primary domain of contrast for Macuiltianguis Zapotec tone. All analyses use log-

transformed frequency counts as is standard in corpus research (e.g., Durand, Gut, & 

Kristoffersen, 2014). 

First, the effects of tone token and tone type frequency on learners’ tone production 

accuracy were examined using regression modeling. Because these two variables are highly 

collinear (VIF = 18.81; r = .97, p = .000), entering both variables together into a regression 

model would have yielded unreliable results. I therefore ran two separate mixed-effects logistic 

regression models in order to compare the line fit for the two measures. Section 6.2 presented 

results that supported the acoustic salience hypothesis, therefore it was important to include this 

factor in the regression analyses. I used the instructor’s tone duration measurements for each 

target word as an operationalization of acoustic salience. Duration was chosen as a proxy 
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variable for acoustic salience because the overall hierarchy predicted by the acoustic salience 

hypothesis is the same as the hierarchy predicted by duration alone (see Chapter 4). The results 

of the two models are given in Table 6.12 and Table 6.13. A random intercept was included for 

student. Comparisons of model likelihood using the anova function in R showed that models 

including both duration and frequency as fixed factors resulted in a significant improvement in 

model fit over models including just one of these factors in all cases. However, the inclusion of 

an interaction term between duration and frequency did not significantly improve either model. 

In the final models the predictor variables were rescaled according to their interquartile ranges 

(IQRs) in order to more readily interpret the regression coefficients. 

Table 6.12 Mixed-effects logistic regression, tone token frequency on production accuracy. 

 Estimate Std. Error z-value Pr(>|z|) 

(Intercept) -3.2817 0.4674 -7.022 2.19E-12 * 
logtokstrScaled 0.7829 0.1564 5.005 5.57E-07 * 
durScaled 0.3924 0.1199 3.273 0.00106 * 

*Statistically significant, p < .05 

Table 6.13 Mixed-effects logistic regression, tone type frequency on production accuracy. 

 Estimate Std. Error z-value Pr(>|z|) 

(Intercept) -3.2755 0.4646 -7.05 1.79E-12 * 
logtypstrScaled 0.6922 0.1378 5.023 5.09E-07 * 
durScaled 0.393 0.1196 3.286 0.00102 * 

*Statistically significant, p < .05 

Figure 6.16 shows plots of the predicted probabilities for the effects of token frequency 

(top left) and type frequency (top right) on accurate tone production. Probabilities were 

calculated from the regression coefficients using the plogis function in R. The results show that 

the probability of a correct response for an item with tone token frequency at the 75th percentile 

is .69 times that of a correct response for an item at the 25th percentile for tone token frequency. 

The same value is .67 for tone type frequency. Overall, these results show that tone frequency, 

whether counted as tokens or types, is related to tone production accuracy in line with the 
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predictions of the input frequency hypothesis. Duration, the proxy variable for acoustic salience, 

is also positively associated with tone production accuracy, as shown in the plots at the bottom of 

Figure 6.16. 

                                    
                                  Tone token frequency                                            Tone type frequency 

       

      
 

     Figure 6.16 Effects of tone token and type frequency and tone duration on tone production accuracy. 

Next, the effects of tone token and tone type frequency on tone suppliance (a count of the 

number of times a learner produces each tone type) were examined. Suppliance was counted for 

each tone and for each student at Times 2, 3, and 4. Time 1 was excluded from this analysis 

because students were tested on fewer items at Time 1 making the number of observations 

uneven. Unlike the binary “correct” or “incorrect” accuracy outcomes, the suppliance values are 
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continuous, so mixed-effects linear regression was used for the analysis using the lmer function 

from the lmerTest package in R.  

Two mixed-effects linear regression models were fit to the data, one with log tone token 

frequency and average tone duration (proxy for acoustic salience) as predictors and another with 

log tone type frequency and average tone duration as predictors. The inclusion of interaction 

terms between frequency and duration significantly improved model fit for both models. The 

results of the two models are given in Table 6.14 and Table 6.15. As in the previous analysis the 

predictor variables were rescaled according to their IQRs, and a random intercept was included 

for student. 

Table 6.14 Mixed-effects linear regression, tone token frequency on suppliance. 

 Estimate Std. Error df t-value Pr(>|t|)     

(Intercept) -60.725 8.913 116 -6.813 4.50E-10 * 
logtokstrScaled 15.851 2.244 116 7.064 1.28E-10 * 
durScaled 23.944 5.409 116 4.426 2.18E-05 * 
logtokstrScaled:durScaled -6.019 1.55 116 -3.884 0.000172 * 

*Statistically significant, p < .05 

Table 6.15 Mixed-effects linear regression, tone type frequency on suppliance. 

 Estimate Std. Error df t-value Pr(>|t|)     

(Intercept) -31.49 5.65 116 -5.574 1.65E-07 * 
logtypstrScaled 22.724 4.517 116 5.031 1.80E-06 * 
durScaled 11.88 3.597 116 3.303 0.00127 * 
logtypstrScaled:durScaled -7.27 3.499 116 -2.078 0.03995 * 

*Statistically significant, p < .05 

Figure 6.17 shows plots of the predicted values for the effects of token frequency (top 

left) and type frequency (top right) on tone suppliance. Because the predictor variables were 

rescaled according to their IQRs, it is possible to interpret the results in the following manner. 

The increase from the 25th to the 75th percentile for tone token frequency is associated with a 

tone suppliance increase of 15.9. The increase from the 25th to the 75th percentile for tone type 

frequency is associated with a tone suppliance increase of 22.7. Unlike the models of tone 
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accuracy which showed a positive association with tone duration, duration is negatively 

associated with tone suppliance, as shown in the plots at the bottom of Figure 6.17. 

 

                          
                    Tone token frequency                                            Tone type frequency 

      

      
     
 

Figure 6.17 Effects of tone token and type frequency and tone duration on tone suppliance. 

The input frequency hypothesis also predicts that type frequency should be related to tone 

overgeneralization. Overgeneralization was measured using learners’ false alarm rates. Two 

mixed-effects linear regression models were fit to the data, one with log tone token frequency 

and average tone duration (proxy for acoustic salience) as predictors and another with log tone 

type frequency and average tone duration as predictors. Time 1 was again excluded from this 
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analysis and a random intercept was included for student. The inclusion of an interaction term 

between frequency and duration significantly improved the model fit for the token frequency 

model but not for the type frequency model. The results of the two models are given in Table 

6.16 and Table 6.17. As in the previous analyses the predictor variables were rescaled according 

to their IQRs for the final models. 

Table 6.16 Mixed-effects linear regression, tone token frequency on false alarms. 

 Estimate Std. Error df t-value Pr(>|t|)     

(Intercept) -35.835 5.838 116 -6.138 1.20E-08 * 
logtokstrScaled 10.147 1.468 116 6.914 2.73E-10 * 
durScaled 13.667 4.269 116 3.201 0.00177 * 
logtokstrScaled:durScaled -3.434 1.215 116 -2.826 0.00555 * 

*Statistically significant, p < .05 

Table 6.17 Mixed-effects linear regression, tone type frequency on false alarms. 

 Estimate Std. Error df t-value Pr(>|t|)     

(Intercept) -13.8612 2.2685 116 -6.11 1.34E-08 * 
logtypstrScaled 10.3352 0.9807 116 10.538 <2.00E-16 * 
durScaled 2.6499 0.939 116 2.822 0.00561 * 

*Statistically significant, p < .05 

Figure 6.18 shows plots of the predicted values for the effects of token frequency (top 

left) and type frequency (top right) on tone false alarms. Both measures show a positive linear 

relationship with false alarm rates. The results suggest that an increase from the 25th to the 75th 

percentile for tone token frequency is associated with a false alarm increase of 10.1, and that the 

same for tone type frequency is associated with a false alarm increase of 10.3. As was the case 

for the models of tone suppliance, duration is negatively associated with false alarm rates, as 

shown in the plots at the bottom of Figure 6.18. 
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                         Tone token frequency                                            Tone type frequency 

      

      
 

Figure 6.18 Effects of tone token (left) and type frequency (right) and tone duration on false alarms. 

In sum, the tone frequency analyses presented in this section showed that tone token and 

type frequency are highly collinear in the corpus data. When examined separately, tone token 

and tone type frequency both showed positive linear relationships with tone production accuracy, 

tone suppliance, and tone false alarms. The models also showed that duration, a proxy variable 

for acoustic salience, was positively associated with tone accuracy but negatively associated with 

tone suppliance and tone false alarms. The predicted probability of an accurate tone production 

was nearly equal for token and type frequency. Token and type frequency also showed nearly 
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equal effects on the rate of tone false alarms. For tone suppliance, the effect of an increase in 

type frequency was stronger than the effect of an increase in token frequency. 

6.3.2 Word-level frequency measures 

In addition to tone-level factors, the input frequency hypothesis also makes predictions 

about how word-level measures of input frequency will affect tone learning. Learners were 

expected to produce more accurate phonological forms for high frequency words. However, the 

effect of a word’s token frequency was expected to be mediated by its relative frequency; 

learners were expected to be more likely to produce a correct tone for words with high relative 

frequency (and therefore low surface variation).  

For each item across the four tone production tests, two word-level frequency factors 

were calculated from the classroom corpus data: (1) log lexeme token frequency (the log value of 

the number of times a word occurred in the corpus regardless of its form), and (2) relative token 

frequency (a ratio of how often the lemma or citation form of a word occurred compared to 

competitor forms). As with the tone-level factors, these frequency measures were calculated 

cumulatively at each time period. 

A mixed-effects logistic regression model was used to predict the fixed effects of lexeme 

frequency and relative frequency on the outcome variable (“correct” tone production). Tone 

token frequency was included as a fixed factor because the analyses presented in Section 6.3.1 

showed a clear effect of tone frequency. Tone type frequency was excluded due to its high 

collinearity with tone token frequency. As in the previous analyses, tone duration was included 

as a proxy variable for acoustic salience. Lexeme frequency and relative frequency were not 

collinear (lexeme frequency VIF = 1.5, relative frequency VIF = 1.16; r = -.40, p = .000), so 

both variables could be entered into the regression models. A step-up process using the anova 
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function in R was conducted for each fixed factor to compare model likelihood. Models that 

included lexeme frequency as a fixed factor or an interaction term between tone token frequency 

and lexeme frequency showed no improvements over models that did not (all p > .05). However 

a model that included relative frequency as a fixed factor showed a significant improvement over 

a model with tone token frequency alone (p = 0.026). A model that included an interaction 

between tone token frequency and relative frequency showed no improvement over the model 

without the interaction (p = 0.149). The final model, shown in Table 6.18, included tone token 

frequency, relative frequency, and tone duration scaled according to their IQRs as fixed factors 

and a random intercept for student. 

Table 6.18 Mixed-effects logistic regression, relative word frequency on tone production accuracy. 

 Estimate Std. Error z-value Pr(>|z|) 

(Intercept) -7.88364 1.22334 -6.444 1.16E-10 * 
durScaled 0.50947 0.13837 3.682 0.000232 * 
logtokstrScaled 1.00427 0.19534 5.141 2.73E-07 * 
relfreqScaled 0.12485 0.05796 2.154 0.031234 * 

*Statistically significant, p < .05 

Figure 6.19 shows the predicted  probability of relative word frequency on accurate tone 

production. Using the plogis function to calculate the probability from the regression coefficient, 

the results show that the probability of a correct response for an item with relative word 

frequency at the 75th percentile is .53 times that of a correct response for an item at the 25th 

percentile. 
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     Relative word frequency 

 
 

Figure 6.19 Effect of relative word frequency on tone production accuracy. 

The fact that lexeme frequency showed no effect on learners’ overall tone production 

could be due to the strong influence of tone type on learners’ responses. It was therefore 

important to consider the effects of word-level input frequency separately for the different tone 

types. To do so, the two word-level frequency factors were tested separately for words grouped 

by the target tone of the stressed syllable (Low, Mid, High, Falling, Dipping, Rising).  

A series of step-up analyses using the anova function in R were conducted to compare 

model likelihood for each tone type. Models that included or did not include lexeme frequency 

were compared. In all models relative word frequency was a fixed factors and a random intercept 

was included for student. The model that included lexeme frequency as a predictor yielded a 

significantly better fit than a model that did not only for the Mid tones. There were no significant 

differences in model fit for any other tones. The inclusion of an interaction term between lexeme 

frequency and relative frequency did not significantly improve model fit. In the final model for 

Mid tones given in Table 6.19, the regression coefficients for both relative word frequency and 
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lexeme frequency were significant. To be able to more readily interpret the regression 

coefficients, all predictor values for the final model were rescaled according to their IQRs. 

Table 6.19 Mixed-effects logistic regression, lexeme frequency and relative frequency (Mid tones). 

 Estimate Std. Error z-value Pr(>|z|) 

(Intercept) -2.8209 0.728 -3.875 0.000107 * 
loglemMScaled 0.7747 0.3637 2.13 0.033164 * 
relMscaled 1.0659 0.3512 3.035 0.002402 * 

*Statistically significant, p < .05 

Figure 6.20 shows the predicted  probability of lexeme frequency (left) and relative 

frequency (right) on accurate tone production. Using the plogis function to calculate the 

probability from the regression coefficient, the results show that the probability of a correct 

response for a Mid-toned item with lexeme frequency at the 75th percentile is .68 times that of a 

correct response for an item at the 25th percentile for tone token frequency. The same value is .74 

for relative frequency. 

 
                  Log lemma frequency (Mid tones)                     Relative word frequency (Mid tones) 

       
 

Figure 6.20 Effects of lexeme and relative word frequency on Mid tone production accuracy. 

In sum, the word frequency analyses presented in this section show that relative word 

token frequency influences tone production accuracy but lexeme token frequency does not. The 

probability of a correct response for an item with relative word frequency at the 75th percentile 
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was .53 times that of a correct response for an item at the 25th percentile. Words with a stressed 

Mid tone appear to be the exception, as an effect for both relative frequency and lexeme 

frequency was found for items that tested Mid-toned words.  

6.3.3 Frequency effects and vocabulary knowledge 

As first mentioned in Section 6.1, there was a medium-to-large correlation between the 

vocabulary and tone production scores (r = .57, df = 21, p = .005). I therefore wanted to know 

whether adding learners’ vocabulary scores as a predictor would improve the tone production 

accuracy model. Recall that the previous mixed-effects logistic regression model fit to the overall 

tone production accuracy results included tone duration, tone token frequency, and relative word 

frequency as fixed factors and a random intercept for student (Table 6.18). Tone type frequency 

was excluded due to its high collinearity with tone token frequency, and lexeme frequency was 

excluded because its inclusion did not improve model fit. Using the anova function in R to 

compare models, I found that adding learners’ vocabulary scores to this model as a continuous 

variable did not improve model fit. However, model fit was improved when learners’ vocabulary 

scores were divided into three groups using K-means clustering using the kmeans function in R 

and this was entered into the model as a grouping variable (Group 1 centroid 44.7%, Group 2 

centroid 63.0%, Group 3 centroid 82.9%). I then compared models that included interaction 

terms among tone token frequency, relative word frequency, tone duration, and vocabulary group 

to those that did not include interactions. These comparisons revealed a significant interaction 

between tone duration and vocabulary group and showed that duration and vocabulary group as 

isolated fixed effects could be dropped from the model. The model with the best overall fit 

included fixed effects for tone token frequency and relative word frequency, an interaction term 

between tone duration and vocabulary group, and a random intercept for student. The output 
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from this final model is given in Table 6.20. To be able to more readily interpret the regression 

coefficients, all continuous predictor values for the final model were rescaled according to their 

IQRs. 

Table 6.20 Mixed-effects logistic regression tone token frequency, relative word frequency, duration and vocabulary 
score group on tone production accuracy. 

 Estimate Std. Error z-value Pr(>|z|) 

(Intercept) -7.30678 1.03999 -7.026 2.13E-12 * 
logtokstrScaled 0.96771 0.18382 5.264 1.41E-07 * 
relScaled 0.12425 0.05778 2.15 0.0315 * 
durScaled:vocgroup 0.16666 0.03493 4.771 1.83E-06 * 

*Statistically significant, p < .05 

Figure 6.21 shows the predicted probabilities for tone token frequency (left) and relative 

word frequency (right) on accurate tone production according to the final model shown in Table 

6.20. Using the plogis function to calculate the probability from the regression coefficient, the 

results show that the probability of a correct response for an item with a tone token frequency at 

the 75th percentile is .72 times that of a correct response for an item at the 25th percentile for tone 

token frequency. The same value is .53 for relative frequency. 

 
                         Tone token frequency                                            Relative word frequency 

       
 

Figure 6.21 Effects of tone token frequency and relative word frequency on tone production accuracy. 
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The input frequency hypothesis predicted that tone token frequency effects would be 

greatest at the earliest stages of L2 exposure while the effects of relative word frequency would 

increase as more input becomes available to learners and as their vocabulary knowledge expands. 

Figure 6.22 plots the predicted probabilities for the effects of tone token frequency (left) and 

relative word frequency (right) on tone accuracy for each vocabulary group. Both predictors 

show the strongest effect for vocabulary Group 3 (k-means centroid 82.9%). These results show 

no evidence of a decline in the effects of tone token frequency as vocabulary improves, at least 

not at this early stage of L2 learning, and instead suggest that the effects of both tone token and 

relative word frequency increase as learners’ vocabulary expands. The effect of acoustic 

salience, included in the models as the proxy variable tone duration, shows a different pattern. 

There is a negative relationship between tone duration and tone production accuracy for 

vocabulary Group 1, a weak positive relationship between tone duration and tone production 

accuracy for vocabulary Group 2, and a stronger positive relationship between tone duration and 

tone production accuracy for vocabulary Group 3. 
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red = vocabulary score group 1 (lowest scores) 
blue = vocabulary score group 2 
green = vocabulary score group 3 (highest scores) 
 
                               Tone token frequency                                            Relative word frequency 

      
 

          Tone duration 

 
 

Figure 6.22 Effects of tone token frequency, relative word frequency, and tone duration on tone accuracy according 
to vocabulary score groups. 

6.3.4 Summary: Input frequency 

This section has presented the results of a series of analyses aimed at investigating the 

input frequency hypothesis described in Chapter 4. Section 6.3.1 examined the effects of tone-

level token and type frequencies and found that these two variables were highly collinear. When 

examined separately, both token and type frequency showed positive linear relationships with 
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tone production accuracy, tone suppliance, and tone false alarms. Tone duration, included in the 

models as a proxy for acoustic salience, showed a positive relationship to tone production 

accuracy but a negative relationship to tone suppliance and tone false alarms. Section 6.3.2 

examined the effects of two word-level frequency factors, lexeme token frequency and relative 

token frequency. The results showed that relative token frequency was related to tone production 

accuracy but lexeme token frequency was not (with the exception of words with a stressed Mid 

tone). Section 6.3.3 showed that the effects of tone token frequency, relative word frequency, 

and tone duration were strongest when learners had the highest vocabulary scores, and that there 

was a negative relationship between tone duration and tone production accuracy for the lowest-

scoring vocabulary group. 

6.4 Chapter summary 

This chapter presented a series of analyses that evaluated the acoustic salience and input 

frequency hypotheses presented in Chapter 4. The overall results of the vocabulary, tone 

production, tone perception, and elicited imitation tests (EIT) were presented in Section 6.1. 

Learners’ scores on these instruments showed variation both within and among learners and no 

clear improvement on the tone production or vocabulary tests over time. However, scores on the 

vocabulary and tone production tests were correlated.  

As expected, the results of the tone perception, tone production, and EIT showed 

differences in accuracy for different tone types. On the tone perception test, learners showed high 

accuracy for tone pairs that involved the Dipping tone. On the tone production tests, learners 

were most accurate at producing Mid tones and least accurate at producing Falling and Low 

tones. However, a Signal Detection Theory analysis showed that accuracy on Mid tones was 

mostly attributable to response bias, and that learners showed accuracy beyond response bias 
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only for the Dipping tones. On the EIT, learners were most accurate on Rising tones and least 

accurate on Dipping and Low tones. In the next chapter, I discuss possible reasons for these 

different results across different instruments. 

Section 6.2 presented the results of a set of analyses designed to evaluate the acoustic 

salience hypothesis. These analyses showed that the two highest performing learners could 

accurately produce the rising contour and long duration cues associated with the salient Dipping 

and Rising tones, though there were also differences in acoustic cue production between the two 

learners. In general, the two learners did not produce high pitch targets more accurately than low 

pitch targets, and they did not produce the glottalization cue associated with the Dipping tone.  

Section 6.3 focused on the input frequency hypothesis by examining the effects of tone 

token and type frequency, lexeme frequency, and relative word frequency on learners’ tone 

productions. Tone token and type frequency were highly collinear, but examined separately both 

measures were related to tone production accuracy, tone suppliance, and tone false alarms. The 

increase from the 25th to the 75th percentile for tone token frequency was associated with an 

increase in tone accuracy probability of .69, a tone suppliance increase of 15.9, and a false alarm 

increase of 10.1. The increase from the 25th to the 75th percentile for tone type frequency was 

associated with an increase in tone accuracy probability of .67, a tone suppliance increase of 

22.7, and a false alarm increase of 10.3. The models also showed that duration, a proxy variable 

for acoustic salience, was positively associated with tone accuracy but negatively associated with 

tone suppliance and tone false alarms. For the two word-level frequency factors, lexeme token 

frequency and relative token frequency, the results showed that relative token frequency was 

related to tone production accuracy but that lexeme token frequency was not, with the exception 

of words with a stressed Mid tone. The probability of a correct response for an item with relative 
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word frequency at the 75th percentile was .53 times that of a correct response for an item at the 

25th percentile. Additional analyses showed that the effects tone token frequency, relative word 

frequency, and tone duration were strongest for the group of learners with the highest vocabulary 

scores. The relationship between tone frequency and tone accuracy was positive for all three 

vocabulary groups, as was the relationship between relative word frequency and tone accuracy, 

but there was a negative relationship between tone duration and tone production accuracy for the 

lowest-scoring vocabulary group. 

In sum, the analyses presented in this chapter offer support for both the acoustic salience 

hypothesis and the input frequency hypothesis, though in different respects. Aspects of both 

acoustic salience and input frequency appear to be related to learners’ accurate tone production. 

Learners were most accurate at producing Mid tones, which have the highest token and type 

frequency in the input. However, when tone response bias was accounted for (by calculating d' 

scores), learners were most accurate at producing the salient Dipping and Rising tones. The 

overall best model for predicting tone production accuracy included tone frequency, relative 

word frequency, and an interaction between tone duration and vocabulary group. In the next and 

final chapter, I interpret these results in consideration of the predictions outlined in Chapter 4. 
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CHAPTER 7:  DISCUSSION 

This dissertation has explored potential explanations for the finding that nonnative 

listeners and L2 learners of tone languages do not perceive and produce the tones of the target 

language inventory with equal ease. The objective was to test whether similar asymmetric 

patterns emerged when the target language was Macuiltianguis Zapotec, a tone language of 

Mexico, and, if so, to investigate a set of factors that could explain the asymmetries. The study 

followed seven native Spanish-speaking students as they engaged in 23 Zapotec lessons over a 

ten-month period through an extracurricular language revitalization program. By creating a 

multimedia corpus of spoken classroom language and administering language assessments at five 

time points, the study tracked the Zapotec input students received over the duration of the study 

and measured their Zapotec tone perception and production, lexical knowledge, and overall 

proficiency.  

In Chapter 6 I presented the results of the study with respect to two hypotheses. The 

acoustic salience hypothesis posited that asymmetries in L2 tone acquisition would be 

predictable from differences in the acoustic salience of different tones, operationalized as the 

presence of all or many of the following phonetic cues: high pitch, rising contour, long duration, 

and glottalization. The input frequency hypothesis stated that asymmetries in L2 tone acquisition 

would be predictable from differences in the frequency with which tones occurred in learners’ 

input. In the Macuiltianguis Zapotec classroom corpus, tones with low acoustic salience were the 

most frequent in the input while tones with high acoustic salience were the least frequent, 

begging the question of how learners make use of these competing factors during tone learning. 

The results presented in Chapter 6 showed some support for both hypotheses suggesting that 
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these competing factors each play an important role in tone learning but that they influence 

different aspects of development. 

In this final chapter, I summarize and interpret the results of the study in consideration of 

the predictions outlined in Chapter 4. Section 7.1 reviews the major findings of the study as well 

as their implications for the hypotheses of this dissertation and for research on L2 phonological 

learning more broadly. Section 7.2 addresses the question of potential cross-linguistic influence 

from Spanish, arguing that the results of this study show no clear evidence of L1 transfer. 

Section 7.3 elaborates upon the major theoretical and methodological contributions of this 

dissertation, while Section 7.4 overviews its limitations. Section 7.5 reflects on the challenges of 

doing SLA research on endangered languages. The chapter concludes in Section 7.5 with a 

description of fruitful areas for future research. 

7.1 Major findings 

The major findings of this dissertation are as follows. First, Zapotec learners, like other 

learners of tone languages, demonstrated asymmetries in how well they produce and perceive the 

different tones of the target language inventory. Second, acoustic salience was related to tone 

production accuracy, but this relationship is most clear when patterns of learner response bias are 

considered. Third, the most proficient learners tended to produce salient pitch contour and 

duration cues but not salient pitch height or glottalization cues. Fourth, tone-level frequency 

measures predicted accurate tone production but also predicted learners’ patterns of tone 

overgeneralization. Fifth, relative word frequency, but not lexeme frequency, was also a 

significant predictor of accurate tone production. Lastly, vocabulary knowledge also predicted 

tone production accuracy but only when incorporated as a categorical grouping variable (i.e., 

learner results at each test time were binned into high, mid, and low vocabulary score groups). In 
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this section I summarize each of these major findings and discuss the extent to which they 

support or contradict the acoustic salience hypothesis and the input frequency hypothesis. 

7.1.1 Zapotec learners showed tone asymmetries 

In Chapter 1 I presented evidence that the individual tones of a target language inventory 

are not perceived or produced with equal ease by L2 learners or naïve listeners. Studies show 

similarities within L2 groups but across L1 groups with regards to which tones are difficult and 

which tones are easy, suggesting that these tone asymmetries are driven at least in part by the 

characteristics of the L2 tone system. One goal of the current study was to investigate whether 

Zapotec L2 learners would show similar asymmetric patterns. The results presented in Chapter 6 

provide evidence that Zapotec learners do show these tone learning asymmetries. Figure 7.1 

shows the group accuracy results by tone (stressed syllable) for the tone productions tests, tone 

perception test, and elicited imitation test. 

 

 
           Items correct (colors)                                          d' score                                           Items correct (colors)                         Items correct (colors)                        Items correct (colors) 
    Out of items tested (light blue)             (z-score ratio of hits to false alarms)         Out of 35 items tested (light blue)      Out of 70 items tested (light blue)       Out of items tested (light blue) 

 

Figure 7.1 Summary of results by tone. 
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             Items correct (colors)                                              d' score                                     Items correct (colors)                         Items correct (colors)                      Items correct (colors) 
    Out of items tested (light blue)             (z-score ratio of hits to false alarms)         Out of 5 items tested (light blue)       Out of 10 items tested (light blue)       Out of items tested (light blue) 

 

Figure 7.2 Summary of results by tone, Student 2. 

 

  

 
                Items correct (colors)                                              d' score                                     Items correct (colors)                        Items correct (colors)                      Items correct (colors) 
       Out of items tested (light blue)               (z-score ratio of hits to false alarms)        Out of 5 items tested (light blue)     Out of 10 items tested (light blue)      Out of items tested (light blue) 

 

Figure 7.3 Summary of results by tone, Student 4. 

The group results in Figure 7.1 reveal an overall trend that favors the two most salient 

tones (Dipping and Rising) and the most frequent tone (Mid) and disfavors tones that are neither 

frequent nor salient. On the production test, learners produced the highest number of accurate 

Mid tones. However, the Dipping tone was the only tone that learners produced accurately 

beyond what could be attributed to response bias (a tendency to produce certain tones regardless 

of the target tone) as measured using d' scores. The perception test additionally showed that 

learners were most accurate at perceiving the Dipping tone regardless of stimulus condition 

(congruent items, for which the two tone stimuli that learners heard were identical, or 
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incongruent items, for which the two tone stimuli that learners heard were different tones). In 

addition, learners accurately produced the salient Rising tones at high rates on the production 

tests and EIT. They did not perceive or produce Low, High, or Falling tones most accurately on 

any instrument. 

Figure 7.2 and Figure 7.3 summarize the results by tone for the two learners who 

performed best overall across tasks, Student 2 and Student 4. Both learners had the highest tone 

production accuracy score for Rising tones regardless of response bias as measured through d' 

scores. Both learners also accurately produced all four Rising tones tested on the EIT. When 

response bias was taken into account, both learners produced Dipping tones at the second highest 

accuracy rate. Student 4 additionally produced accurate Falling and Low tones at a rate beyond 

what can be attributed to response bias. On the tone perception test, the two students showed 

different patterns from each other and for congruent pairs versus incongruent pairs, but both 

performed best overall on items containing a Dipping tone. 

The results summarized in Figure 7.1, Figure 7.2, and Figure 7.3 show that learners are 

better at perceiving and producing tones that are either salient or frequent than tones that are 

neither salient nor frequent. However, the results also show that which tones learners perceive 

and produce most and least accurately varies across different tasks or depending on how 

accuracy is measured. These differences across tasks likely reflect differences in how acoustic 

salience or input frequency affected the outcome being measured. In the following sections I 

elaborate on this point by describing the acoustic salience and input frequency results with focus 

on tone production but also with a consideration of the differing results across tasks. 
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7.1.2 Acoustic salience predicted tone production accuracy when response bias was considered 

The acoustic salience hypothesis (H1) outlined in Chapter 4 predicted that the Zapotec 

learners would be most accurate at producing Dipping and Rising tones and least accurate at 

producing Mid and Low tones. The results yielded evidence in support of this hypothesis. As a 

group, learners produced accurate Rising tones at the highest rate (compared to other tones) on 

the elicited imitation test and at second highest rate on the tone production test. The two learners 

with the strongest overall performance across tasks both produced a higher percentage of 

accurate Rising tones than any other tones. The relationship between acoustic salience and tone 

production accuracy was most apparent when accuracy rates were measured as d' scores.   Table 

7.1 shows that as a group learners displayed equal or greater accuracy than what response bias 

accounted for only for the Dipping and Rising tones. Student 4 was the only learner who also 

showed accuracy beyond response bias for other tones (Falling and Low), but her d' scores were 

highest for the Rising and Dipping tones. As demonstrated in   Table 7.1, learners’ d' scores were 

highest for the more salient tones. 

  Table 7.1 Learners’ d' scores compared to tone acoustic salience. 

d' 
All 

d' 
S2 

d' 
S4 

 Acoustic salience (H1) 

D .20 R .58 R .85  Most salient 
D, R 
F 
H 
M,L 
Least salient 

R -.03 D .27 D .58  
F -.15 L -.27 F .30  
M -.49 M -.38 L .17  
H -.52 H -.48 H -.32  
L -.53 F -Inf M -.37  

 

On the perception test, learners as a group were best at accurately identifying two 

Dipping tones as the same (congruent items) and at distinguishing Dipping or Rising tones from 

other tones (incongruent items). This result is also in line with the acoustic salience hypothesis. 

The group results from the tone perception test most closely mirror the hierarchy predicted by 
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H1b, which stated that learners would accurately produce more tones with rising contours than 

tones with falling contours and level tones. This suggests that learners relied heavily on pitch 

contour for tone discrimination, though additional research would be needed to confirm this 

result. It is important to acknowledge, however, that the AX test was largely a test of tone 

confusability, which is just one important component of acoustic salience. The perceptual 

knowledge and experience that learners draw on during an AX test are not necessarily the same 

as those used to process L2 acoustic input, build abstract tone categories, map tones to lexical 

items, and produce lexical items with the correct tones. 

On the EIT, learners as a group produced accurate Rising tones at a higher rate than they 

produced accurate Dipping tones and this difference was statistically significant. Learners’ low 

performance on Dipping tones contradicts the acoustic salience hypothesis but could be due to 

the fact that Dipping tones exhibit some phonetic reduction in running speech that makes them 

less salient to listeners. Both Rising and Dipping tones tend to shorten in running speech, and 

while they are still produced as longer than other tones, this is likely to make the duration cue to 

these tones less discoverable to listeners. In this case, the pitch movement associated with the 

Rising tone gives it a salience advantage over the Dipping tone. In addition, the glottalization cue 

that accompanies phrase final Dipping tones with high regularity is sometimes not present in 

running speech. The classroom corpus shows that learners hear words in isolation at a much 

higher rate than what would be expected in normal conversation, so it was reasonable that the 

operationalization of salience used in the current study was based on words recorded in isolation. 

However, the results of the EIT suggest that a consideration of how tone salience might be 

different in running speech would be worthwhile in future research. 
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Notably, the analyses presented in Chapter 6 also showed that including tone duration as 

a proxy measure of acoustic salience improved the overall model fit for tone production 

accuracy. However, tone duration interacted with vocabulary test scores in that tone duration was 

positively related to tone accuracy in the two highest vocabulary score groups but negatively 

related to tone accuracy in the lowest vocabulary score group. Taken together these results offer 

support for H1 and suggest that acoustic salience is an overall predictor of tone production 

accuracy, but they also show that this relationship is strongest as vocabulary knowledge 

increases and most apparent when response bias is taken into account. 

7.1.3 Learners were more accurate in their production of salient pitch contour and duration 
cues than salient pitch height and glottalization cues 

In addition to predicting that learners would accurately produce Dipping and Rising tones 

at the highest rates, the acoustic salience hypothesis predicted that Zapotec learners would be 

more accurate at producing salient acoustic cues than non-salient acoustic cues. Acoustic 

measurements of the tones produced by Student 2 and Student 4 were compared to 

measurements from the instructor’s productions. Pitch height, pitch contour, duration, and 

glottalization cues were examined and yielded mixed results. 

Analyses of learners’ productions of pitch height cues showed mixed support for the 

acoustic salience hypothesis. H1a predicted that learners would accurately produce pitch height 

cues at a higher rate for high pitch targets than for low or mid pitch targets. Some results 

supported H1a. Learners tended to produce higher average F0s and higher F0 offsets than the 

instructor across all six tones, and learners tended to correctly produce higher F0 offsets for High 

and Rising tones than for Low, Mid, and Dipping tones. However, other results contradicted 

H1a. Learners’ median average F0s were generally not higher for the High and Falling tones than 

they were for other tones, and learners tended to incorrectly produce high F0 offsets for Falling 
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tones. Overall, learners did not consistently produce targetlike pitch heights for any tones. For 

most tones they produced, the average F0s and F0 offsets were near the middle of their own pitch 

ranges. 

Analyses of learners’ productions of pitch contour cues showed stronger support for the 

acoustic salience hypothesis. H1b predicted that learners would accurately produce the rising 

contours associated with the Rising and Dipping tones but not accurately produce the falling 

contours associated with Falling tones. The data from both Student 2 and Student 4 bore out this 

prediction. F0 plots of the two students’ tone productions according to the transcribed tone 

showed that they could produce rising contours, falling contours, and level pitches that 

resembled those of the instructor, with some issues in terms of timing and pitch height. F0 plots 

of the two students’ tone productions according to target tone showed that both students tended 

to accurately produce a rising contour for target Dipping and Rising target tones but did not 

accurately produce falling contours for Falling tones. These plots also showed that Student 4 was 

more accurate than Student 2 in terms of F0 timing and height for the Dipping and Rising tones. 

For both students, the F0 plots for target Falling tones, target Mid tones, and target Low tones 

closely resembled each other and did not resemble the instructor’s productions, another result in 

line with the acoustic salience hypothesis. 

Analyses of learners’ productions of duration cues also showed some support for the 

acoustic salience hypothesis. H1c predicted that learners would produce the long duration 

associated with target Dipping and Rising tones even in the absence of accurate production of 

other acoustic cues to these tones. The results showed that learners did tend to produce target 

Dipping and Rising tones as longer than other tones, though only occasionally with a duration 

within the native speaker range. Student 2 produced duration within the native speaker range for 
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two target Dipping tone tokens and three target Rising tone tokens, while Student 4 produced 

duration within the native speaker range for just one token, a target Rising tone. 

Analyses of the glottalization cue associated with the Dipping tone did not support the 

acoustic salience hypothesis. H1d predicted that learners would produce the glottalization 

associated with target Dipping even in the absence of accurate production of other acoustic cues 

of these tones. The results did not bear this out. Student 4 accurately produced the glottalization 

on just one Dipping tone token, while Student 2 never produced the glottalization cue associated 

with the Dipping tone. 

Overall, these results showed that learners were more accurate in their production of the 

salient pitch contour and duration cues than the salient pitch height and glottalization cues. This 

raises two interesting points for consideration. First, this means that many of the Dipping and 

Rising tones that Student 2 and Student 4 produced were rated as “correct” (by the instructor and 

by me) even in the absence of accurate pitch height or glottalization cues. This suggests that 

pitch contour and tone duration could be more essential cues to tone in Macuiltianguis Zapotec 

than pitch height and glottalization. Of course, more research is needed to confirm this, and the 

addition of tone processing data from native speakers could help clarify this result. Second, this 

result raises the question of exactly how learners process acoustically salient phonological cues. 

It is possible, for instance, that the salient glottalization cue associated with the Dipping tone 

helps draw learners’ attention to this tone in a way that facilitates learning, but that the cue is not 

encoded in memory in the same way the as other acoustic cues to this tone that learners do 

produce (pitch contour and duration). In other words, the results show asymmetries not only in 

tone production (at a more abstract, phonological level) but also in tone cue production (at a 

more concrete, phonetic level). 
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7.1.4 Tone frequency predicted accurate production but also overgeneralization 

The input frequency hypothesis (H2) predicted that learners would be most accurate at 

producing Mid and High tones and least accurate at producing Dipping and Rising tones. The 

results of the tone production tests offer some evidence in support of H2. As summarized in 

Table 7.2, the tone token and type frequency counts from the classroom corpus showed that Mid 

tones were consistently the most frequent in learners input and that learners accurately produced 

the Mid tones of stressed syllables at a higher rate than other tones. However, learners also 

supplied Mid tones at a much higher rate than other tones regardless of the target tone, making 

up 59% of all tones produced on stressed syllables. Mid tones also accounted for 59% of all false 

alarm tones learners produced, and the tone type and token frequency rates from the classroom 

corpus mirror the false alarm production rates more than the tone accuracy production rates. In 

other words, learners employed a default Mid-tone strategy that resulted in a high accuracy rate 

for Mid tones but also a high rate of Mid tones substituted for other tone targets. The comparison 

between learners’ tone production accuracy scores, d' scores, and false alarm rates makes this 

clear. The analyses presented in Chapter 6 showed that including a measure of tone frequency 

consistently improved model fit for tone production accuracy. 

Table 7.2 Learners’ productions compared to tone frequency counts from the corpus (Periods 1-4). 

Token frequency Type frequency d' Accuracy Suppliance False 
alarms Stressed All Stressed All 

M 1606 M 4116 M 96 M 216 D .20 M 68 (31.3%) M 396 M 254 
H 1602 H 2810 H 76 H 163 R -.03 R 15 (24.2%) H 164 H 116 
F 616 L 1029 L 33 L 66 F -.15 H 22 (21.8%) L 32 L 25 
L 249 F 616 F 21 F 33 M -.49 F 17 (13.0% R 31 F 16 
R 241 R 241 R 9 R 9 H -.52 D 7 (15.6%) F 27 R 16 
D 64 D 64 D 7 D 7 L -.53 L 8 (7.3%) D 16 D 6 

 
H2a predicted that the likelihood of producing an accurate tone would increase as a factor 

of tone token frequency and would also have an effect on overall tone suppliance. H2b predicted 

that the likelihood of producing an accurate tone would increase as a factor of tone type 
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frequency and also have an effect on the rate at which learners produced tone false alarms. In the 

end it was difficult to distinguish token frequency effects from type frequency effects, as these 

variables were highly correlated in the corpus data. Rates of tone suppliance and tone false 

alarms were also correlated, making it difficult to distinguish these outcomes. The logistic 

regression analyses presented in Chapter 6 showed that examined separately both token and type 

frequency were significant predictors of tone suppliance and tone false alarms. The increase from 

the 25th to the 75th percentile for tone token frequency was associated with an increase in tone 

accuracy probability of .69, a tone suppliance increase of 15.9, and a false alarm increase of 10.1. 

The increase from the 25th to the 75th percentile for tone type frequency was associated with an 

increase in tone accuracy probability of .67, a tone suppliance increase of 22.7, and a false alarm 

increase of 10.3. These analyses also revealed an important difference between the effects of 

input frequency and the effects of acoustic salience, which was entered into the models as the 

proxy variable of tone duration. Both tone duration and tone frequency had a positive 

relationship to tone production accuracy. Tone frequency also had a positive relationship to tone 

suppliance and false alarms, but for tone duration these relationships were negative. In other 

words, learners produced fewer salient than non-salient tones overall, and they also produced 

fewer false alarms of salient tones.  

An additional prediction of H2b was that the relationship between tone type frequency 

and tone learning may rely on phonetic levels of abstraction different from those that determine 

the target tone system. For example, if learners established phonetic categories based on the 

duration cue rather than other acoustic cues to tone, H2a would predict that because Rising tones 

have a higher type frequency than Dipping tones, learners would produce both Dipping and 

Rising tones as Rising tones. Because Mid tones have the highest type frequency of the short 
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tones, learners would be expected to produce Mid tones for all short tones. Type frequency 

generalizations based on pitch height (average F0 or F0 offset) would predict that learners’ 

productions would show distinctions only among High, Mid, and Low tone categories. A type 

frequency generalization based on pitch contour would predict that learners either divide tones as 

Rising versus Mid (if based on Rising versus else) or Falling versus Mid (if based on contour 

versus level). Figure 6.13, reproduced here as Figure 7.4, showed that the results are not 

consistent with patterns of type frequency generalizations based on the acoustic cues to tone 

measured in this study. 

 

  
 

Figure 7.4 Pitch contours according to target tone (Student 2 and Student 4). 

One possibility is that learners, at least initially, made type frequency generalizations over 

a phonetic category simply labeled tone. That is, all target tones were collapsed into a single 

category causing the tone with the overall highest type frequency, the Mid tone, to win out over 

the others. As learners progress, the role of acoustic salience could interfere with this 

generalization process and begin to promote accuracy for the most salient tones rather than the 

most frequent ones. This is further supported by the fact that effects of acoustic salience, 

included in the final regression model as the proxy variable tone duration, were strongest for the 

highest vocabulary score group and in fact showed a negative relationship to tone accuracy for 

the lowest vocabulary score group. 
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7.1.5 Relative (but not lexeme) word frequency predicted tone production accuracy 

Another prediction of the input frequency hypothesis (H2) was that the likelihood of 

producing an accurate tone would increase as a factor of word frequency. As discussed in 

Chapter 2, Section 2.2, word frequency can be measured in different ways by tallying both 

lemma and lexeme frequencies in a corpus. Lemma token frequency is a count of the number of 

times a word occurs in its citation form (e.g., the number of times learners heard lô ‘face’). 

Lexeme token frequency is a count of the number of times learners heard a given word in any of 

its corresponding forms (e.g., counts of lô ‘face,’ lóya ‘my face,’ and so on are collapsed). The 

relative frequency for the citation form of a given word is a ratio of its lemma count to its lexeme 

count (e.g., the ratio of the count for lô ‘face’ divided by the count for lô ‘face’ plus lóya ‘my 

face’ and so on). 

H2c predicted that learners would be more likely to produce the correct tone for words 

with high lexeme frequency while H2d predicted that learners would be more likely to produce 

the correct tone for words with high relative frequency. The analyses presented in Chapter 6 

showed an overall effect for relative word frequency on tone production accuracy but no effect 

for lexeme frequency. The probability of a correct response for an item with relative word 

frequency at the 75th percentile was .53 times that of a correct response for an item at the 25th 

percentile. 

Effects for both lexeme frequency and relative frequency were found only for Mid-tone 

items. The probability of a correct response for a Mid-tone item with lexeme frequency at the 

75th percentile was .68 times that of a correct response for an item at the 25th percentile for tone 

token frequency. The same value was .74 for relative frequency for Mid-tone items. There are 

two possible explanations for this result. One possibility is that the higher sample sizes for Mid 

tones from both the corpus and the tone production simply increased the likelihood of finding a 
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positive result. Another possibility, not entirely unrelated from the first possibility, is that relative 

frequency effects are independent of tone frequencies but word frequency effects are truly 

strongest for the most frequent tone. Learners may need exposure to a high number of tokens of a 

certain sound before word frequency effects can take hold. Unfortunately, this hierarchical 

relationship between sound frequencies and word frequencies is very often ignored in research 

on phonological learning, with most work focusing on word frequencies alone. Below in Section 

7.3.2.1 I elaborate upon the necessity of examining both sound-level and word level frequencies 

for investigating phonological learning. 

7.1.6 Vocabulary knowledge (at a threshold) predicted tone production accuracy 

The final prediction of the input frequency hypothesis was that the likelihood of 

producing an accurate tone would increase as a factor of L2 vocabulary knowledge but that the 

strength of frequency effects would change as learners’ vocabulary expands (H2e). Tone token 

frequency effects were expected to decrease while effects of relative word frequency were 

predicted to increase with relation to learners’ vocabulary scores.  

There was a medium-to-large correlation between the vocabulary and tone production 

scores (r = .57, df = 21, p = .005), but including learners’ continuous vocabulary scores as a 

predictor did not improve the fit of the final tone production accuracy model. However, adding a 

grouping factor for the vocabulary scores binned into three clusters (indicating three different 

levels of vocabulary knowledge) did improve model fit.  Both tone token frequency and relative 

word frequency showed the strongest effect for the highest vocabulary score group (k-means 

centroid 82.9%). Contrary to the predictions of H2e, these results suggested that, at least at this 

early stage of L2 learning, the effects of both tone token and relative word frequency increase as 

learners’ vocabulary expands. The effects of acoustic salience, included in the model as the 
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proxy variable tone duration, were also strongest for the highest vocabulary score group and in 

fact showed a negative relationship to tone accuracy for the lowest vocabulary score group. 

The fact that the inclusion of learners’ continuous vocabulary scores did not improve the 

model fit to the tone production accuracy data while the inclusion of a grouping factor did 

suggests that there is a threshold effect at work. There was not a linear relationship between tone 

accuracy likelihood and vocabulary scores. Instead, any learner at any test time who scored 

above 77% on the vocabulary test was more likely to produce tones accurately on the tone 

production test. Past studies have not explicitly distinguished linear relationships between L2 

vocabulary knowledge and phonological learning from threshold effects and both types of 

relationships have been attested. Mora and Darcy (2016) and Darcy and Mora (2016) found 

significant correlations between English L2 (or L3) vocabulary size and measures of vowel 

pronunciation accuracy but when vocabulary size was included alongside other cognitive 

measures in a hierarchical regression many of the effects of vocabulary size were no longer 

found. Bundgaard-Nielsen, Best, and Tyler (2011a, 2011b) found statistically significant 

between-group differences in English L2 segmental perception for speakers with an English 

vocabulary size above and below a threshold of 6,000 words. This type of threshold effect for 

vocabulary size learning is consistent with current models of L2 phonological learning (the 

Perceptual Assimilation Model (PAM-L2) (Best & Tyler, 2007); the Speech Learning Model, 

(SLM) (Flege, 1995, 2003)) which assume an important relationship between L2 lexical and 

phonological knowledge that changes as L2 learners develop. Increases in vocabulary size 

increases are associated with the acquisition of new form-meaning mappings for minimal pairs 

and words in dense lexical neighborhoods, leading learners to become more aware of the 

phonological units of the L2. Learners may only need to acquire a minimum set of words with 
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certain phonotactic characteristics that lend themselves to learning phonological contrasts in 

order to learn those contrasts.  

7.1.7 Summary of major findings 

I have presented six major findings of this dissertation and discussed the extent to which 

they support or contradict the acoustic salience hypothesis and the input frequency hypothesis. I 

first addressed the finding that, like other studies of nonnative and L2 tone learning, the Zapotec 

learners in the current study showed asymmetrical patterns of tone learning (see Section 7.1.1). 

That is, they did not perceive and produce all tones of the L2 inventory with equal accuracy. 

These results differed somewhat across tasks or depending on how accuracy was measured, and I 

argued that these differences reflect differences in how factors related to acoustic salience or 

input frequency affected the outcome being measured. 

I discussed two findings related to the acoustic salience hypothesis (H1) which predicted 

that learners would be most accurate at producing Dipping and Rising tones and least accurate at 

producing Mid and Low tones. I found that acoustic salience predicted tone accuracy particularly 

when response bias was considered (Section 7.1.2). Learners d' scores were highest for the more 

salient tones as predicted by H1 while this was not the case for the raw accuracy scores. 

Although learners produced the highest rate of accurate Mid tones, they also produced the 

highest rate of inaccurate Mid tones. On the other hand, learners produced a greater or equal 

number of accurate Dipping and Rising tones than inaccurate Dipping and Rising tones. A 

regression analysis further suggested that the effects of acoustic salience on tone production 

accuracy increase as a factor of vocabulary knowledge. Tone duration (a proxy variable for 

acoustic salience) was positively related to tone accuracy in the two highest vocabulary score 

groups but negatively related to tone accuracy in the lowest vocabulary score group. 



 

 198 

While H1 was supported in that acoustic salience did predict tone production accuracy, 

learners were not necessarily more accurate at producing salient acoustic cues than non-salient 

acoustic cues (Section 7.1.3). A comparison of the tones produced by the two highest performing 

learners to the instructor’s productions showed that learners tended to more accurately produce 

salient pitch contour and duration cues than salient pitch height or glottalization cues. This 

suggests that pitch contour and tone duration may be more essential cues to tone in 

Macuiltianguis Zapotec than pitch height and glottalization. It also suggests that while salient 

cues may draw learners’ attention to tone in a way that facilitates learning, it is not necessarily 

the case that all salient cues to tone are encoded in memory in the same way as to make them 

accessible for production. 

I discussed three findings related to the input frequency hypothesis (H2). H2 predicted 

that learners would be most accurate at producing Mid and High tones and least accurate at 

producing Dipping and Rising tones. The results showed that input frequency predicted tone 

accuracy but also predicted tone overgeneralization (Section 7.1.4). Learners accurately 

produced Mid tones at a higher rate than other tones, but they also supplied Mid tones at a higher 

rate than other tones regardless of the target tone, making up 59% of all tones produced on 

stressed syllables and 59% of all false alarms. The tone type and token frequency rates from the 

classroom corpus more closely mirrored false alarm production rates than tone production 

accuracy rates. On the contrary, tone duration (used as a proxy variable for acoustic salience) 

showed a negative relationship to tone suppliance as well as tone false alarms. 

It was difficult to distinguish token frequency effects from type frequency effects, as 

these variables were highly correlated in the corpus data. Examined separately, tone token and 

type frequency were both significant predictors of tone accuracy, tone suppliance, and tone false 
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alarms. The effect on tone suppliance was stronger for type frequency, a result in line with 

research showing that type frequency is a driver of phonological pattern productivity (Bybee, 

2001). The results did not offer any evidence that learners made use of type frequency 

generalizations based on phonetic levels of abstraction different from those that determine the 

target tone system as predicted by research on nonnative phonological processing (Davidson, 

2006; Hay, Pierrehumbert, & Beckman, 2004). I argued that learners at this early stage may have 

made type frequency generalizations over a phonetic category simply labeled tone in which all 

target tones were collapsed into a single category causing the tone with the overall highest type 

frequency, the Mid tone, to win out over the others. As learners progress, the role of acoustic 

salience could interfere with this generalization process and begin to promote accuracy for the 

most salient tones rather than the most frequent ones. 

H2 also predicted that word-level measures of input frequency would influence tone 

production. I found that the likelihood of a learner producing an accurate tone on a word 

increased as a factor of that word’s relative frequency (the ratio of occurrence of the citation 

form of a word, which was the form tested, compared to its competitors) (Section 7.1.5). Lexeme 

frequency, a count of the number of times learners heard a given word in any of its 

corresponding forms, was not a significant predictor of tone accuracy with the exception of the 

Mid-tone items. This finding indicates a possible relationship between tone frequency and word 

frequency in which word frequency effects are strongest for highly frequent tones. However this 

possibility needs to be further examined in future work.  

The last major finding of the study was that the likelihood of producing an accurate tone 

increased as a factor of vocabulary scores binned into three clusters as a grouping variable but 

not as a factor of learners’ continuous vocabulary scores. The results by vocabulary score group 
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showed that any learner at any test time who scored above 77% on the vocabulary test was more 

likely to produce tones accurately on the tone production test. This finding builds on other 

studies of L2 phonological learning that show an important relationship between L2 lexical and 

phonological knowledge that changes as L2 learners develop (e.g., Bundgaard-Nielsen, Best, & 

Tyler, 2011a, 2011b; Darcy & Mora, 2016; Mora & Darcy, 2016). It suggests, however, that 

learners may only need to acquire a minimum set of words with certain phonotactic 

characteristics that lend themselves to learning phonological contrasts in order to learn those 

contrasts.  

In sum, although the acoustic salience hypothesis and the input frequency hypothesis 

made different predictions, the results offer some support for both hypotheses but suggest that 

these competing factors influence different aspects of development. Acoustic salience, tone 

frequency, and relative word frequency were all predictors of tone production accuracy. Tone 

frequency also predicted tone overgeneralization as measured through the rate of tone false 

alarms learners produced. Beyond these default or overgeneralization patterns that cause learners 

to produce high rates of Mid and High tones regardless of the tone target, acoustic salience was 

the best predictor of tone accuracy. For the salient Dipping and Rising tones learners gave 

correct productions (“hits”) more often than or as often as they incorrectly produced these tones 

(“false alarms”). I elaborate upon the theoretical implications of these findings in the next 

section. 

7.2 Cross-linguistic influence from Spanish 

In Chapter 1 I described potential ways that the role of pitch in a non-tone L1 can 

influence in L2 lexical tone learning. Languages like English that use pitch as a cue to lexical 

stress may induce some level of categorical pitch perception and bias speakers against perceiving 



 

 201 

certain phonetic differences among tones. The utterance-level role of pitch in a L1 may also 

influence L2 lexical tone learning, though the exact nature of these effects remains unclear. L1 

influence on L2 tone learning is not a focus of this dissertation as studies involving multiple L1 

groups are required to best address this issue (Jarvis, 2000). However, I argued that if a particular 

pattern of Zapotec tone production was displayed by all learners or by a subset of learners with 

similar proficiency or vocabulary knowledge, the possibility of L1 influence should be 

considered. In Chapter 3 I described the roles of duration and pitch in indicating Spanish stress 

and intonational accent. I noted that the Spanish spoken by the learners of the current study 

showed an LH* pattern in which the pitch peak associated with both nuclear and pre-nuclear 

stressed syllables, mirroring the findings of Sicoli (2007). 

I found no clear evidence for an L1 transfer effect in the current study. An L1 transfer 

effect can reasonably be ruled out as an explanation for the default Mid tone strategy that 

learners employ, because direct transfer from Spanish would predict a pattern of high tones on 

stressed syllables and low tones on unstressed syllables. It is possible that transfer from the 

Spanish stress system caused learners to be predisposed to process high tones and long vowels as 

salient, but in the current study it was not possible to distinguish such an effect from the inherent 

(cross-linguistic) acoustic salience of these cues as described in Chapter 2. I leave a more 

systematic investigation of the role of cross-linguistic influence for future work. 

7.3 Theoretical and methodological contributions 

This dissertation makes three major contributions to the areas of L2 phonology and 

usage-based approaches to second language acquisition. First, the findings suggest that input 

frequency drives tone learning productivity while acoustic salience drives learners’ ability to 

map tones to lexical items. Second, the findings point to the importance of expanding usage-
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based models of SLA to formally account for L2 phonological learning. Lastly, the findings 

point to the importance of expanding current models of L2 phonological acquisition to include 

more systematic roles for L2 input, experience, and use. I argue that without such an expansion, 

existing models of L2 phonology do not fully account for the current findings. In what follows I 

elaborate upon each of these three contributions. 

7.3.1 Input frequency drives productivity while salience drives form-meaning mapping 

A major contribution of this dissertation is the finding that both acoustic salience and 

input frequency play important roles in L2 tone learning but that they influence different aspects 

of development. Both acoustic salience and input frequency predicted tone production accuracy, 

but input frequency also predicted tone suppliance and tone false alarms while acoustic salience 

did not. In other words, input frequency drove tone learning productivity. Acoustic salience, on 

the other hand, was better than input frequency for predicting tone production accuracy beyond 

learners’ response biases. In other words, acoustic salience helped learners accurately map tone 

patterns to lexical items. 

Work within usage-based approaches to language learning commonly states that 

frequency phonological units with high type frequencies are drivers of phonological 

generalization and pattern productivity (e.g., Bybee, 2002, 2006, 2007; N.C. Ellis, 2002a; Frisch, 

2011), and laboratory research on nonnative speech processing has shown that language users 

rely on the type frequencies of their native language to make phonological generalizations about 

new linguistic input (Coleman & Pierrehumbert, 1997; Davidson, 2006; Frisch et al. 2001; Hay 

et al. 2004; Munson, 2001). Crucially, however, the focus of these studies has been the input 

statistics of the native language and not of the target language. What, then, do claims about the 

relationship between frequency and phonological pattern productivity mean for the learning of 
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L2 sounds from L2 input? The current study shows that, in L2 learning, the relationship between 

input frequency and pattern productivity is manifested as generalization (but also 

overgeneralization) of frequent phonological units, measured in this case through tone suppliance 

and false alarm counts. In this sense, the findings of the current study naturally build upon 

findings about the role of frequency in native and nonnative speech processing. 

In another sense, however, the findings of the current study are not so related to previous 

claims about the role of frequency in phonological learning in that frequency alone was not able 

to predict the hierarchy of learners’ rates of tone production accuracy for different tones. Frisch 

(2011) described a tendency towards “frequency matching” in studies of metalinguistic 

judgments and speech processing (p. 2140). That is, listeners’ judgments of novel phonological 

forms mirror the frequencies of phonological units in the non-words and/or of their native 

language. Edwards et al. (2015) discussed similar frequency matching patterns at work in the 

child L1 acquisition of phonemes. For example, they note that frequent consonants are 

“produced accurately at an earlier age and also substitute for other consonants in young 

children’s production errors” (p. 307). In the current study, there was not a good match between 

tone input frequency and tone production accuracy. For example, learners tended to be quite 

accurate at producing the infrequent Rising tones and quite inaccurate at producing the more 

frequent Low tones. However, in line with the finding cited by Edwards et al. (2015) that 

children substitute frequent consonants for infrequent consonants when acquiring their L1 

phonemes, I did find evidence of frequency matching with learners’ rates of tone suppliance and 

tone false alarms. The findings of the current study therefore highlight the need to look beyond 

traditional measures of production accuracy in order to fully understand the role of input 

frequency in phonological learning. 
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Acoustic salience appears to play a different role from input frequency in tone learning. 

Unlike input frequency, acoustic salience did not predict learners’ rates of tone suppliance or 

false alarms, and in fact when tone duration was used as a proxy variable for salience, negative 

relationships with suppliance and false alarms were found. Salience is defined by N.C. Ellis 

(2016) as “the ability of a stimulus to stand out from the rest” (p. 342). Salience is acknowledged 

by SLA researchers as an important component in promoting learners’ noticing or awareness of 

form-meaning relationships, which in turn facilitates the learning of these relationships. Schmidt, 

in his Noticing Hypothesis for SLA (e.g., Bergsleithner, Frota, & Yoshioka, 2013; Schmidt, 

1990, 2001, 2010) is careful to distinguish noticing, a type of lower-level awareness or 

“conscious registration,” from understanding, a higher level of awareness that involves 

generalizing to new cases or instances. Salience, he suggests, can promote noticing, but salience 

alone is not sufficient for leading to understanding. This is precisely what the results of the 

current study show. Input frequency seems to be the force that drives tone generalization, while 

acoustic salience leads learners to notice, attend to, and learn the association between salient 

tones and the words that bear them. 

An interesting question left largely unanswered by the current study is how these 

different roles of input frequency and acoustic salience change over the course of L2 

development. In the current study input frequency was related to tone accuracy even for the 

lowest vocabulary score group, but acoustic salience (i.e., tone duration) was not. However, both 

effects became positively associated with tone accuracy (and strengthened) as vocabulary scores 

increased. This suggests that the effects of input frequency and acoustic salience are not static 

over the course of development. Therefore their respective roles (input frequency as the driver of 

generalization and acoustic salience as the driver of form-meaning mapping) may also not be 
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static over the course of development. This question is left for future research with learners at a 

wider range of proficiency levels or more extensive longitudinal data. 

7.3.2 Usage-based models of SLA should be formally extended to phonological learning 

In Chapter 2 I explained that despite growing interest in the role of input frequency in 

research on both second language acquisition and formal phonology, work investigating 

frequency effects in L2 phonological learning is scarce, and there is no accepted model of 

precisely how the frequency characteristics of learners’ L2 input predict accuracy in perceiving 

and producing L2 sounds. While the concepts of frequency and salience are commonly described 

in usage-based approaches to SLA, their precise roles in driving the acquisition of L2 sounds, 

and their interaction or interference with one another, are not well understood.  

Researchers such as N.C. Ellis (2002a, 2006a, 2006b, 2016) and DeKeyser (2005) have 

emphasized important roles for both salience and input frequency in SLA, though with a focus 

on morphology rather than phonology learning. Drawing on associative learning theory (e.g., 

Shanks, 1995), N.C. Ellis (2006b) outlined a model in which the type of probabilistic learning 

driven by frequency effects is mediated by effects of selective attention, which in turn is affected 

by the salience of a stimulus. In other words, the associated strength between a cue and its 

frequently-associated outcome is greater if the cue is salient and lesser if the cue is not salient. 

N.C. Ellis (2006a) describes behavioral experiments that exemplify this effect: 

In such experiments, two cues, C1 and C2, are always presented together during training 
and they jointly predict an outcome. In the test-phase, the strength of conditioning to C1 
and C2 presented individually are measured. The typical outcome is that the strength of 
conditioning to each cue depends on their relative intensity. If C1 is a dim light and C2a 
bright light then, after conditioning to the C1–C2 combination, the learned response to 
the bright light is very strong while the dim light alone produces little or no reaction 
(Kamin 1969) (p. 16). 
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According to N.C. Ellis, this explains, for example, why L2 learners of English struggle 

to learn certain highly frequent but not very salient bound inflectional morphemes such as the 

third-person singular /-s/ at the end of a phrase like She walks.  

Child phonology researchers have also acknowledged the roles of both input frequency 

and acoustic or perceptual salience in sound learning. Edwards et al. (2015) endorse Ambridge et 

al.’s (2015) Interaction Thesis which states that frequency effects will interact with other factors 

that influence acquisition. They argue, for example, that spectral differences between consonants 

explain cross-linguistic differences in the child acquisition of the same consonant phonemes with 

similar frequency hierarchies (i.e., English-learning children acquire /s/ before /ʃ/ and commonly 

substitute [s] for /ʃ/, while Japanese-learning children acquire /ʃ/ before /s/ and commonly 

substitute [ʃ] for /s/) (Edwards et al., 2015; F. Li, Edwards, & Beckman, 2009). While clearly 

important for understanding why frequency effects are not a panacea for explaining language 

acquisition, the Interaction Thesis proposed by Ambridge et al. is, admittedly, a thesis and not a 

model that can be used to make predictions about language learning. Instead, it appears to be a 

catch-all for factors that either predict learning “on top of” frequency effects or explain learning 

when frequency effects fail to do so. 

If usage-based models of SLA are to be formally extended to phonological learning, it 

will be necessary to refine current definitions of frequency and salience and to formalize the 

relationship between the two. Here I suggest three ways forward for usage-based approaches to 

L2 phonology acquisition based on the findings of this dissertation. First, both sound and word 

level frequencies need to be considered. Second, the roles of acoustic salience and other phonetic 

influences on phonological learning should be formalized within usage-based models. Third, the 
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relationship between input frequency and salience and their respective effects on learning 

outcomes should be elaborated. 

7.3.2.1 Both sound and word-level frequencies must be considered 

I start with the claim that both sound and word level frequencies must be considered. A 

growing body of work has investigated the role of word-level input frequencies in L2 

phonological learning, but this study is among the first to measure and investigate the influence 

of sound-level input frequencies. Laboratory research has shown that naïve listeners process 

novel phones (and sequences thereof) in a way that reflects the token and type frequencies of the 

features of phonological units in their L1 (Davidson, 2006; Frisch, 2011; Hay et al., 2004; 

Pierrehumbert, 2001). The results of the current study additionally suggest that learners are 

sensitive to the token and type frequencies of sounds in the input they receive in an L2. In other 

words, the relationship between sound-level input frequencies and phonological learning does 

not only apply to languages acquired in early childhood but also to those learned later in life. 

Examining the similarities and differences among these relationships in an L1 versus an L2 is a 

fruitful area for further research. 

This dissertation also offers new insights about the role of word-level frequencies in L2 

phonological learning. Previous work has found that L2 learners are better at identifying and 

producing L2 sounds in high frequency words (Flege et al., 1996; Kilanski, 2009; Trofimovich et 

al., 2012, 2007). However, I did not find a relationship between word frequency (measured as 

lexeme frequency) and tone production accuracy in the current study. This could be due to 

methodological differences in measuring word frequency. Previous studies have tended not 

report whether their word frequency measures are lexeme counts, lemma counts, or something 

else. Alternatively, it could be that the relationship between word frequency and phonological 

acquisition is simply not as strong for tone learning as it is for phone learning. A possible 
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explanation is that acoustic salience plays a major role in tone learning, as demonstrated by the 

results of this dissertation, and may play a lesser role in phone learning. Differences in pitch are 

likely to be more acoustically salient than, say, differences in formant structure. In other words, 

acoustic salience may interfere with frequency-based tone learning processes moreso than with 

frequency-based phone-learning processes, leaving open the opportunity for other factors such as 

word frequency to play a greater role in phone learning. 

The results also point to a role for relative word frequency in L2 phonological learning, 

suggesting that the frequency-sensitive models that have been shown to account for L2 

morphological and syntactic learning (N.C. Ellis, 2002a, 2002b, 2006, 2011; Gries & N.C. Ellis, 

2015) can be extended to the domain of phonology. Several studies have shown that learners 

more readily acquire morphological forms that have a high reliability of form-meaning mapping 

(i.e., consistent surface forms) in both an L1 (Ambridge et al., 2015; Matthews & Theakston, 

2006) and an L2 (DeKeyser, 2005; N. C. Ellis & Schmidt, 1998) but similar studies have not 

been conducted for phonological learning. The current study found that including a measure of 

relative word token frequency, but not lexeme frequency, significantly improved the model of 

tone production accuracy. In other words, the more often a word appeared in the input as its un-

alternated base form compared to competitor forms, the more likely learners were to accurately 

produce the tones for that word. This finding leads to an intriguing opportunity to expand upon 

current proposals about the role of these form-meaning relationships in SLA. The notions of 

“relative word frequency” (Ambridge et al., 2015), “contingency” (N.C. Ellis 2006a, N.C. Ellis 

& Ferreira-Junior, 2009; N.C. Ellis et al. 2014; Gries & N.C. Ellis, 2015), “reliability” (Gries & 

N.C. Ellis, 2015) and “transparency” (DeKeyser, 2005) used to explain morphological and 



 

 209 

syntactic learning can likely be merged under a single approach that explains such effects across 

different levels of language structure including phonology. 

7.3.2.2 The roles of salience and other phonetic factors should be formalized 

The notion of salience, and its importance for language learning, is not novel in usage-

based approaches to SLA. N.C. Ellis and colleagues (Cintrón-Valentín & N.C. Ellis, 2016; N. C. 

Ellis, 2006a, 2006b, 2016) have described the role of salience in morphosyntactic learning at 

length. This work draws on conceptualizations of salience put forth by Goldschneider and 

DeKeyser (2001) for morphology and Goldberg (1995) for syntactic constructions and semantic 

relationships. Goldberg (1995) argued that certain verb-argument constructions are more salient 

to child language learners due to their prototypicality as part of human experience. 

Goldschneider and DeKeyser’s (2001) operationalization of perceptual salience included the 

number of phones in the morpheme, the presence or absence of a vowel in the surface form of 

the morpheme, and the total relative sonority of the morpheme. 

 Starting from these approaches, it is not a great conceptual leap to imagine how salience 

can be operationalized in usage-based approaches L2 phonological learning. Recent work on 

formal approaches in phonology in fact offer some guidance. Many current models of phonology 

appeal to the way humans handle phonetic information during learning, i.e., “cues” in 

Phonetically Based Phonology (PBP) (Hayes, Kirchner, & Steriade, 2004), “phonetic precursors” 

in Moreton (2008) discussion of how learning biases shape typology, “substance” in Wilson’s 

(2006) computational learning model, and “grounding” in Optimality Theory (OT) (Prince & 

Smolensky, 2004). The current study focused on the objective acoustic features of tones and how 

they affect the ability of learners to acquire a tone inventory and accurately map tones to words, 

but this is just one small example of how language learners use phonetic information. More 
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robust definitions of acoustic salience and its effects on L2 phonological learning more generally 

will be necessary and can be drawn from such models. 

7.3.2.3 The relationship between, and effects of, frequency and salience should be 
elaborated 

A final way forward for formally extending usage-based models of SLA to phonological 

learning highlighted by this dissertation involves elaborating and clarifying the relationship(s) 

between input frequency and acoustic salience and their respective effects on learning outcomes. 

As described in the introduction to this section, N.C. Ellis (2006b) outlined a model in which the 

type of probabilistic learning driven by frequency effects is mediated by effects of selective 

attention, which in turn is affected by the salience of a stimulus. In this model, the associated 

strength between a cue and its frequently-associated outcome is greater if the cue is salient and 

lesser if the cue is not salient, sometimes causing the less salient cue to be completely 

“overshadowed” or blocked. Edwards et al. (2015) similarly describe how perceptual factors can 

interact with frequency effects in L1 phonology learning to explain why frequency effects do not 

emerge in some cases. Boersma and Hayes’ (2001) Stochastic Optimality Theory and Wilson’s 

(2006) computational learning model are two approaches in formal phonology that formalize the 

relationship between frequency and phonetic factors. These approaches are similar to that of 

N.C. Ellis (2006a, 2006b) in that perceptual salience can mediate probabilistic learning, and low 

salience or other phonetic pressures can block the application of a probabilistic rule. (Though, 

notably, the mathematical details differ among the three models.) What these models share is that 

in all cases, input frequency and acoustic salience are jointly predictors of a single learning 

outcome. On the one hand, the results of this dissertation support such an approach. Both input 

frequency and acoustic salience were necessary for explaining learners’ patterns of tone 

production accuracy, and the two effects seem to mediate one another. For example, the highly 
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salient Rising tone was able to overtake the much more frequent but less salient Low tone in all 

cases.  

On the other hand, however, the findings of this dissertation suggest that a different 

approach may be necessary. In particular, the findings show that it may be necessary to employ 

models of L2 phonological learning that associate frequency and salience with distinct learning 

outcomes as described in Section 7.3.1. Here, Schmidt’s (1995, 2001, 2010) distinction between 

noticing and understanding is useful, as is the wealth of research on assessment in SLA, which 

has long been concerned with teasing apart L2 performance and learning outcomes underlain by 

different cognitive constructs (e.g., Chapelle, 1999). Formally extending usage-based models of 

SLA to L2 phonological learning need not involve inventing new models or theoretical 

constructs. Instead, this can be done by synthesizing insights from existing work in the areas of 

formal phonology, child phonological acquisition, and SLA more broadly.  

7.3.3 Models of L2 phonology should include formal roles for L2 input and use 

Just as frequency-sensitive models of SLA can be extended to account for L2 

phonological acquisition, existing models of L2 phonology should find new ways to link to these 

models through more systematic consideration of L2 input, experience, and use. The two most 

prominent models of second language phonology are the Speech Learning Model (SLM) (Flege, 

1995, 2003) and the Perceptual Assimilation Model (PAM-L2) (Best & Tyler, 2007), discussed 

in Chapters 1 and 2. Both models posit that learners initially collapse L2 sounds into the most 

phonetically similar categories in their L1 inventory, predicting that learners will have difficulty 

with sounds that are similar but not identical in the two languages. Different L2 sounds collapsed 

into a single L1 category are predicted to cause the most difficulty. Work applying both of these 

models has largely focused on the segmental learning of “sounds that lie within the L1 
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phonological space” (Best & Tyler, 2007, p. 31). The SLM and the PAM-L2 are less clear in 

predicting how learners categorize target language sounds with no (lexico-)phonological basis in 

the L1, as is the case for lexical tone learning among speakers of non-tone L1s.22 If two L2 

sounds are both consistently identified as not falling within any single L1 category, then, 

according to both models, their discrimination (and subsequent integration into the L2 

phonological system) is dependent on their phonetic difference. 

The SLM provides little further detail on this point, and seems only to suggest that 

sounds that are not assimilated to any L1 category will be easier for L2 learners to perceive and 

produce than sounds that are (Flege, 1995, 2003; Major, 2008). The PAM similarly predicts that 

discrimination between two uncategorized L2 sounds “should range between fair to good, 

depending on how similar the non-native phones are perceived to be relative to each other and to 

the closest L1 phonemes” (C.K. So & Best, 2010, p. 289; see also Faris, Best, & Tyler, 2016). In 

other words, if two L2 sounds are not consistently assimilated to any L1 category, their 

discrimination is dependent on the perceptual salience of the acoustic difference between them. 

This general claim is supported by the results of the current study. The results of the perception 

test showed that learners’ tone discrimination was poorest for the acoustically similar High and 

Mid tones and was best for pairs of tones with considerable pitch and durational differences. 

However, support for this claim weakens when considering the overall results of the 

current study. Studies that employ the SLM and PAM tend to focus on explaining how learners 

perceive L2 contrasts and mostly rely on listeners’ perception of the differences or similarities 

 
22 Even if, as argued by C.K. So and Best (2014), speakers of non-tone L1s assimilate L2 tones to their L1 utterance 
level intonational categories, it is likely that not all L2 lexical tones will be categorizable. Intonational pitch 
categories are often described in binary terms: High versus Low or, in C.K. So and Best (2014), Question versus 
Statement. In L2 tone languages with robust tone inventories, some tones will not be assimilable to these L1 
categories. Further, Francis et al. (2008) and Hallé et al. (2004) argue that if assimilation of L2 tones to L1 
intonational categories does occur, it is weaker than the assimilation experienced by tonal L1 speakers. Models of 
L2 phonology therefore need to account for cases of uncategorized lexical tones.  
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between L2 sounds and L1 sounds. These models have little to say about L2 input, experience 

and use, and their predictions are based almost exclusively on the characteristics of the L1 

system rather than the acoustic and distributional characteristics of L2 sounds. Therefore these 

models are not equipped to predict that L2 Zapotec learners produce Mid tones and Rising tones 

at the highest accuracy rates while they perceive Falling and Low tones at the lowest accuracy 

rates. This suggests that the acquisition of L2 sounds, particularly those outside the L1 

phonological space, may be dependent not only on acoustic differences between pairs of sounds 

but also on the hierarchies that emerge from considering each sound’s distributional 

characteristics and acoustic salience compared to other sounds in the inventory. 

This result should not be surprising, and both the SLM and PAM assume that linguistic 

input and experience are critically important for language acquisition. What is surprising is that 

these theories do not include mechanisms to systematically account for the effects of L2 input 

and use on different learning outcomes. Best and Tyler (2007) in fact alluded to this issue in their 

proposal of the PAM-L2. They state that learners’ ability to develop new categories for L2 

phones may be dependent on the acquisition of minimally contrastive lexical items. This process 

may be facilitated, they suggest, “if they are high frequency words, or come from two dense 

phonological neighborhoods which contain many minimally contrasting words, and if many of 

these words need to be discriminated for adequate interaction with the surrounding cultural 

environment” (p. 30). However Best and Tyler stop short of detailing how such factors interact 

with acoustic differences among L1 and L2 sounds to predict phonological development. 

Drawing from models of child L1 phonology such as attunement theory (Aslin & Pisoni, 

1980) may offer a way forward. Attunement theory emphasizes the roles of both experiential and 

psychoacoustic factors in phonological development, allowing different developmental paths for 
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different sounds. A study by Tsao (2017) showed support for attunement theory with regards to 

lexical tone learning. He argued that patterns of tone perception among infants learning both tone 

and non-tone languages were explained by a combination of language experience and the 

acoustic salience of tone contrasts. The results of this dissertation show that the same is true for 

second language learners. If the goal is to model second language phonological learning, rather 

than to simply model crosslinguistic influence on the L2 perception of contrasts, then then the 

SLM and PAM will need to expand to include systematic roles for L2 input, experience, and use. 

7.4 Limitations  

The following three limitations should be considered when interpreting the findings of 

this study: the lack of a learning effect over time, the focus on non-compound nouns and 

adjectives, and the potential role of orthography. 

7.4.1 No learning effect over time 

This study originally set out to test tone learning over time using a longitudinal design. 

However, a limitation of the study is that the Zapotec classes were not able to be held as often as 

planned, and the learners in the study did not attend every class. In the end, the learners had just 

a few hours each month of input and interaction in Zapotec. This highlights one difficulty of 

working in understudied language contexts and is likely the reason that learners’ vocabulary and 

tone production test scores did not improve over time. While input frequency effects were found 

even at this early stage of learning and with limited input, it was not possible to track changes in 

tone learning nor changes in the effects of acoustic salience and input frequency on tone 

learning. More longitudinal studies will be crucial for understanding the role of input frequency 

in L2 learning and how effects of input frequency change as learners develop.  
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7.4.2 Focus on stressed syllables of non-compound nouns and adjectives 

Another limitation of this study was that data analysis was restricted to the stressed 

syllables of non-compound nouns and adjectives. This was necessary as a means of narrowing 

the focus of the study to conduct meaningful analyses, but as a result this dissertation has little to 

say about learners’ acquisition of tonal phonological and morphophonological patterns or 

phonological features related to tone such as vowel length, glottalization, and syllable structure. 

Such investigations are left for future work. This choice was further motivated by the fact that 

the learners in the study were beginning learners who had productive knowledge of very few 

Zapotec verbs and more complex phrases. Verbs in Zapotec languages are more 

morphophonologically complex than nouns and adjectives, making it more difficult and time-

consuming to tag, annotate, and phonetically transcribe them in a corpus. A preliminary analysis 

of verbs in Macuiltianguis Zapotec does not suggest differences in the token and type 

frequencies of tones on verbs. However, verbs are subject to more complex tone alternations and 

potential tone sandhi patterns that are still not well understood (though see Broadwell et al. 2008; 

Foreman, 2006; Tejada, 2012 for some initial proposals). The classroom corpus created for this 

dissertation will allow for future research that clarifies tone behaviors of Macuiltianguis Zapotec 

verbs and complex phrases. 

7.4.3 Potential role of orthography 

As described in Chapter 3, tone is not marked in the orthography used in the Zapotec 

classroom and by the Macuiltianguis Cultural Group. However, the orthography does distinguish 

the long vowels that carry a Dipping or Rising tone from the short vowels that carry Low, Mid, 

High, or Falling tones. Because the learners in the current study do have basic Zapotec literacy 

skills, an important consideration is whether this orthographic information aided them in 
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distinguishing Dipping and Rising tones from the other tones of the inventory. Of course, this 

would only serve to make the Dipping and Rising tones more salient to the learners. It would not 

change the hypotheses of the study, and it would not provide learners with sufficient information 

to correctly produce Dipping or Rising tones. Furthermore, learners tone productions did not 

categorically reflect the orthographic distinction between long and short vowels. On the tone 

production tests, they produced many vowels written with digraphs as short and some vowels 

written as single graphs as long, despite the fact that they were reading the Zapotec words. This 

suggests that while orthography may have played a limited role in tone learning, it does not offer 

much additional explanatory power for interpreting the results. Still, it is important to note that it 

was not possible to fully tease apart orthographic from acoustic salience for the Rising and 

Dipping tones in this study. 

7.5 Working with understudied languages and the communities that speak them 

In the introduction to this dissertation, I suggested that the field of SLA can benefit from 

expanding its domain of inquiry beyond the relatively small set of socio-politically dominant 

languages that tend to be the focus of our research. Of course, this endeavor can and must only 

be undertaken in close collaboration with the communities who speak minority and endangered 

languages. Community interests take precedence over research goals. Though the tension 

between these two things is very often palpable in linguistic fieldwork, they need not be 

incompatible (Pérez Báez, 2016; Rice, 2011). Researchers who focus on language documentation 

and revitalization have published many reflections on community collaboration (Dobrin, 2008; 

Hinton, 2002; Holton, 2009; Penfield & Tucker, 2011; Pérez Báez, Rogers, & Rosés Labrada, 

2016; Rice, 2006, 2011; Whaley, 2011). However, there is traditionally little overlap between 

this work and SLA research (though see Kalt, 2012, and the 2011 special issue of Language and 
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Education, Vol. 25, Issue 4 for some connections ). For this reason, I include here some lessons 

learned and reflections on conducting this type of research in a collaborative community context. 

I only add the disclaimer that these are not “the answers,” as every linguist, community, and 

project is different. 

First, to paraphrase a colleague and fellow Zapotecanist, “Have a good plan, but be 

flexible” (Brook D. Lillehaugen, personal communication). This probably goes without saying, 

but conducting field research is not the same as conducting laboratory research. Even with a 

well-designed plan and years of relationship building and visits to the community, it will not be 

possible to anticipate or control for everything that one would control for in a laboratory study. 

This is an inevitable trade-off for the gains acquired by expanding research to new domains. 

Second, involve community members at every step. This can be true from the earliest 

seed of an idea for a research project. The current study grew out of the Zapotec instructor’s 

interest in understanding why her students struggled so much with Zapotec pronunciation. This 

principle can persist throughout data collection. As I was collecting data for this study, the 

instructor and I planned and taught weekly classes together, and I worked with community 

members to build the video corpus used for this study. Although a major research objective was 

to document the structural aspects of the language (tone in particular), the videos show language 

as it is actually used in the Zapotec classroom and therefore helped to shed light on issues of 

classroom language use and learning in real time (De Korne, Pérez Báez, & Riestenberg, 2017). 

For example, some of the early videos showed that much of the Zapotec input learners were 

getting was restricted to isolated words and not characteristic of the type of rich language input 

that we know supports language learning (e.g., Long, 2015). We were able to adapt the lessons 
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and bring more native speakers into the classroom to try to address this issue, which in turn had 

the effect of engaging new community members with the existing language revitalization efforts.  

Lastly, know that you cannot research everything you want to research. When working 

with an under-described language, it can be tempting to want to describe the whole language 

during your fieldwork. Of course, this is impossible. Let the community objectives (in this case, 

making the Zapotec classes more effective and interactive) and your own research goals (in this 

case, investigating tone learning) narrow your focus. Importantly, however, we cannot expect 

community objectives or ideologies to be monolithic. Focus on the common ground and on 

building close relationships with the most active collaborators. It is also important to include 

plenty of supporting work in your project timeline and grant budget for video and audio editing, 

segmentation and transcription, and data elicitation. 

7.6 Future research on L2 phonology and Macuiltianguis Zapotec 

To the best of my knowledge, this dissertation represents the first study of the second 

language acquisition of a Zapotec language. This study has paved the way for more work on the 

L2 acquisition of Macuiltianguis Zapotec, and I conclude by proposing a few areas for future 

research that could build upon the findings presented here.  

First, additional research with native speakers of Macuiltianguis Zapotec could 

strengthen and clarify the findings of this dissertation. Future research could focus on 

determining which acoustic cues to tone are most salient or most important in native speaker 

speech processing. Nonnative speakers, L2 learners, and native speakers process tones 

differently, and comparative data from these three groups offers great potential for understanding 

the role of tone in human languages and how tones are learned and process at different stages. 

Second, aspects of classroom input and interaction beyond input frequency may influence lexical 
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and phonological acquisition in ways not investigated in this dissertation. How often learners 

produce or repeat words (e.g., Swain, 2005) and the nature and extent to which native speakers 

offer feedback (Cazden, 2001; S. Li, 2010) are potential factors to examine. Lastly, the 

classroom corpus and performance measures collected for this dissertation offer the opportunity 

to investigate students’ acquisition of other phonological features of Macuiltianguis Zapotec and 

whether similar findings emerge. Just as the focus within SLA on a small set of world languages 

has limited our understanding of the L2 acquisition of lexical tone, it has also limited our 

understanding of how L2 learners acquire consonant and vowel length distinctions, contrastive 

vowel phonation, grammatical tone, and interactions among tone, vowel phonation and stress. 

There is much more to learn and Macuiltianguis Zapotec is just one of the thousands of 

understudied languages that have more teach us. 
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APPENDIX A. VOCABULARY TESTS 
 
Vocabulary Test Time 1 
 
Lalu: _____________________________________________ 
 
Sa: ______________________________________________ 
 
Escucha la palabra en zapoteco que pronuncia la maestra. Haz un círculo en la imagen que 
mejor se corresponda con la palabra que ha dicho. 
 
Ejemplo: 
ej. 

a.  b.  c.   

 

d.  
  
 

1.  a.   

 

b.  

 

c.  

 

d.  

 
2.  a.  

 

b. 

 
 

c.  

 

d. 

 

3.  a.  

 

b.  

 

c.  

 

d. 

 

4.  a.  

 

b.  

 

c.  

 

d. 

 
5.  a.  

 

b.  

 

c.  

 

d. 
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6.  a.  

 

b.  

 

c.  

 

d. 

 

7.  a. 

 

b.  

 

c.  

 

d. 

 

8.  a.  

 

b.  

 

c.  

 

d. 

 

9.  a.  

 

b.     

 

c.  

 

d. 

 
10.  a.  

 

b.  

 

c.  

 

d. 

 

11.  a.  

 

b.  

 

c.  

 

d. 

 
12.  a.  

 

b.  

 

c.  

 

d. 

 
13.  a.  

 

b.  

 

c.  

 

d. 

 
14.  a.  

 

b.   

 

c.  

 

d. 

 
15.  a.  

 

b.   

 

c.  

 

d. 
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16.  a.  

 

b.  

 

c.  

 

d. 

 

17.  a.  

 

b.  

 

c.  

 

d. 

 
18.  a.  

 

b.  

 

c.  

 

d. 

 
19.  a.  

 

b.  

 

c.  

 

d. 

 
20.  a.  

 

b. 

 

c.  

 

d. 

 

21.  a.  

 

b.  

 

c.  

 

d. 

 

22.  a.  

 
 

b.  

 

c.  

 
 

d. 
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Vocabulary Test Time 2 
 
Lalu: _____________________________________________ 
 
Sa: ______________________________________________ 
 
Escucha la palabra en zapoteco que pronuncia la maestra. Haz un círculo en la imagen que 
mejor se corresponda con la palabra que ha dicho. 
 
Ejemplo: 
ej. 

a.  b.  c.   

 

d.  
 

 

1.  

a.   b.  c.  d.  
2.  

a.  b.	 	 c.  d.  
3.  

a.  b.  c.  d.  
4.  

a.  b.  c.  d.  
5.  

a.  b.  c.  d.  
6.  

a.  b.  c.  d.  
7.  

a.  b.  c.  d.  
8.  

a.  b.   c.  d.        
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9.  

a.  b.   c.  d.  
10.  

a.  b.  c.  d.  
11.  

a.      9 b.  c.     d.  
12.  

a.  b.   c.  d.  
13.  

a.     3 
b.  c.  d.       2 

14.  

a.  b.  c.  d.  
15.  

a.  b.  c.      6 
d.  

16.  

a.  10 b.  c.      2 d.  
17.  

a.  b.  c.  d.  
18.  

a.  b.  c.  d.  
19.  

a.  b.  c.  d.  
20.  

a.  b.  c.  d.  
21.  

a.      5 b.  c.  d.      9 

22.  

a.  b.  c.  d.  
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23.  

a.  b.  c.  d.  
24.  

a.  b.  c.  d.  
25.  

a.  b.  c.     d.  
26.  

a.  b.  c.  d.    
27.  

a.  b.  c.  d.  
28.  

a.  b.  c.  d.  
29.  

a.    b.  c.  d.  
30.  

a.  b.  c.  d.  
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Vocabulary Test Time 3 
 
Lalu: _____________________________________________ 
 
Sa: ______________________________________________ 
 
Escucha la palabra en zapoteco que pronuncia la maestra. Haz un círculo en la imagen que 
mejor se corresponda con la palabra que ha dicho. 
 
Ejemplo: 
ej. 

a.  b.  c.   

 

d.  
 

1.  

a.  b.10 c.  d. 5 

2.  

a.  b. 	 c.  d.  
3.  

a.  b.  c.  d.  
4.  

a.  b.  c.  d.  
5.  

a.  b.  c. 10 d.  
6.  

a.  b.  c.  d.  
7.  

a.  b.  c.  d.  
8.  

a.  b.  c.  d.  
9.  

a.  b.     c.  d.  
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10.  

a.  b. 9 c.  d. 5 

11.  

a.  b.  c.  d.  
12.  

a.  b.  c.  d.  
13.  

a.  b.   c. 10 d.  
14.  

a.  b.   c.  d.  
15.  

a.  b.  c.  d.  
16.  

a.  b.  c.  d.  
17.  

a.  b.  c.  d.  
18.  

a.  b.  c.  d.  
19.  

a.  b.  c.  d.  
20.  

a.  b.  c.  d.  
21.  

a. 10 b.  c.  d.  
22.  

a.  b.  c.  d.  
23.  

a.  b.  c.  d.  
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24.  

a.  b.  c.  d.  
25.  

a.  b.  c.  d.  
26.  

a.  b.  c.  d.  
27.  

a.  b.  c.  d.  
28.  

a.  b. 5 c.  d. 10 

29.  

a.  b.  c.  d.  
30.  

a.  b.  c.  d.  
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Vocabulary Test Time 4 
 
Lalu: _____________________________________________ 
 
Sa: ______________________________________________ 
 
Escucha la palabra en zapoteco que pronuncia la maestra. Haz un círculo en la imagen que 
mejor se corresponda con la palabra que ha dicho. 
 
Ejemplo: 
ej. 

a.  b.  c.   

 

d.  
 

1.  

a.    b.  c.  d.  
2.  

a.  b.10	 c.  d. 5 

3.  

a.  b.  c.  d.  
4.  

a.  b.  c.  d.  
5.  

a.  b. 5 c. 9 d.  
6.  

a.  b.  c.  d.  
7.  

a.  
b.  

c.  d.  

8.  

a.  b.  c.  d.  
9.  

a.  b.     c.  d.  
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10.  

a.  
b.  

c.  d.  

11.  

a.  b.  c.  d.  
12.  

a.  b.   c. 10 d.  
13.  

a.  b.   c.  d.  
14.  

a.  b.  c.  d.  
15.  

a.  b.  c.  d.  
16.  

a.  b.  c.  d.  
17.  

a.  
b.  c.  d.  

18.  

a.  b.  c.  d.  
19.  

a.  b.  c.  d.  
20.  

a.  b.  c.  d.  

21.  

a.  
b.  

c.  d.  

22.  

a.  b.  c.  d.  
23.  

a. 10 b.  c.  d.  
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24.  

a.  b.  c.  d.  
25.  

a.  b.  c.  d.  
26.  

a.  b.  c.  d.  
27.  

a.  b.  c.  d.  
28.  

a.  b.  c.  d.  
29.  

a.  b. 5 c.  d. 10 

30.  

a.  b. 9 c.  d.  
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APPENDIX B. TONE PRODUCTION TESTS 

Tone Production Test Time 1 

Lee despacio las palabras en zapoteco. No te olvides de pensar bien en el tono de la palabra 
antes de pronunciarla. No hay que leer la palabra en español. 

 

1.   

 
 

angula 
abuela 

2.   

 
 

gwi 
guayaba 

3.   

 
 

xaru 
florero 

4.   

 

dana 
hermano de hermana 
hermana de hermano 
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5.   

 

daa re'ne 
ejote 

6.   

 
 

besii' 
copalero 

7.   

 
 

tagula 
abuelo 

8.   

 
beyaa 
nopal 

9.   

 

tulada 
durazno 
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10.   

 

kulixi 
col 

11.   

 

gu 
papa 

12.   

 

yi' 
vela, luz, lumbre 

13.   

 

xila 
hermana de hermana 

14.   

 
 

yala' 
copal 
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15.   

 

diga' 
zarzamora 

16.   

 

kurusi 
cruz  

17.   

 

indaa' 
capulín 

18.   

 

maraxa 
naranja 

19.   

 

bedichee 
berro 



 

 236 

20.   

 
 

nisi' 
leche 

21.   

 
 

besuli' 
uva 

22.   

 

yasi' 
ciruela (de monte) 
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Tone Production Test Time 2 

Lee despacio las palabras en zapoteco. No te olvides de pensar bien en el tono de la palabra 
antes de pronunciarla. No hay que leer la palabra en español. 

 

1.   

10 
tsii 
diez 

2.   

 

exxu 
aguacate 

3.   

 

naa' 
mano 

4.   

 
 

xaru 
florero 

5.   

 

xiná 
rojo 
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6.   

 

xibi 
rodilla 

7.   

 

iyya 
flor 

8.   

 
 

xila 
hermana de hermana 

9.   

 

nisi' 
leche  

10.   

 

lha 
hoja 



 

 239 

11.   

2 
chupa 
dos 

12.   

 

naku 
mamá 

13.   

 

iyya 
piedra 

14.   

9 
ga 
nueve 

15.   

 

gwi 
guayaba 
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16.   

 

icha 
cabeza 

17.   

 

diga' 
zarzamora 

18.   

 

yi' 
vela/luz 

19.   

 

besii' 
copalero 

20.   

 

yala' 
copal 
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21.   

 

bexxi 
tomate 

22.   

 

betsi 
hermano de hermano 

23.   

 

naga' 
oreja 

24.   

 

dana 
hermano de hermana 
hermana de hermano 

25.   

 

gu 
papa 
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26.   

 

indaa' 
capulín 

27.   

6 
xxupa 
seis 

28.   

 

beyaa 
nopal 

29.   

 

yesi 
pueblo 

30.   

 

sitsi 
blanco 
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Tone Production Test Time 3 

Lee despacio las palabras en zapoteco. No te olvides de pensar bien en el tono de la palabra 
antes de pronunciarla. No hay que leer la palabra en español. 
 

1.   

 
 

lani 
fiesta 

2.   

 
 

beree' 
hormiga 

3.   

 
 

yi' 
luz 

4.   

 
 

xila 
hermana (de hermana) 

5.   

 

go xiela 
cenar 
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6.   

 

xkuana' 
tío 

7.   

 

icha 
cabeza 

8.   

 
 

yesi 
pueblo 

9.   

 

iyya 
flor 

10.   

 
 

gu'na 
toro 
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11.   

5 
gayu' 
cinco 

12.   

 

sitsi 
blanco  

13.   

 

naa' 
mano 

14.   

 

naga' 
oreja 

15.   

 

belha 
culebra 



 

 246 

16.   

 

naku 
mamá 

17.   

 

lari 
tela 

18.   

 

xina' 
nariz 

19.   

 

iyya 
piedra 

20.   

9 
ga 
nueve 
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21.   

 

bela' 
carne 

22.   

 

dana 
hermano de hermana 
hermana de hermano 

23.   

 

sa 
día 

24.   

 

lo 
cara 

25.   

 

lisi' 
hogar/casa 



 

 248 

26.   

10 
tsii 
diez 

27.   

 

bia' 
caballo 

28.   

 

go xugwé 
comer 

29.   

 

yadú  
timbre 

30.   

 

nupi 
tepache 
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Tone Production Test Time 4 

Lee despacio las palabras en zapoteco. No te olvides de pensar bien en el tono de la palabra 
antes de pronunciarla. No hay que leer la palabra en español. 
 

1.  

 

ubaa 
calor 

2.  

 

beree' 
hormiga 

3.  

 

yi' 
luz 

4.  

 

yela 
noche 

5.  

 

xila 
hermana de hermana 
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6.  

 

ya 
árbol 

7.  

 

iyya 
lluvia 

8.  

 

gulha 
tarde 

9.  

 

yesi 
pueblo 

10.  

5 
gayu' 
cinco 
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11.  

 

bia 
nube 

12.  

 

dila 
la mañana 

13.  

 

guxé 
mañana 

14.  

 

belha 
culebra 

15.  

 

lari' 
tela 
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16.  

 
mata 
chamarra 

17.  

 

iyya 
piedra 

18.  

 

xula 
sombra 

19.  

10 
ga 
nueve 

20.  

 

belha 
pescado 
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21.  

 

beyi' 
hielo 

22.  

 

sa 
día 

23.  

 

xilaa 
calor  

24.  

 

lisi' 
hogar/casa 

25.  

10 
tsii 
diez 
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26.  

 

beyaa 
nopal 

27.  

 

xibi 
rodilla 

28.  

 

icha 
cabeza 

29.  

 

dana 
hermano de hermana 

30.  

 

betsi' 
hermano de hermano 
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