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ABSTRACT 

 

The role of stress in Tibetan tonogenesis: 

a study in historical comparative acoustics 

 

by 

 

Nancy Jill Caplow 

 

In this dissertation I demonstrate that stress has played an important role in the 

development of tone in Tibetan. 

Using original field data and acoustic analysis, I compare two non-tonal 

“Archaic” varieties spoken at the western and eastern edges of the Tibetan language 

area: Balti (Baltistan, northern Pakistan) and Rebkong Amdo (Qinghai, China). In 

both dialects, disyllabic nouns, adjectives, and numerals are stressed on the second 

syllable (σ2); disyllabic verbs, in contrast, are stressed on σ1. 

These two speech areas are separated by the vast expanse of the Tibetan 

Plateau, where considerably different varieties of the language are spoken (the tonal 

“Innovative” dialects). Ruling out borrowing and coincidence as sources of their 

shared features, the similarities must be due to inheritance from a common parent. I 

thus reconstruct a pattern of σ2 stress for nouns, adjectives, and numerals, and a 

contrasting pattern of σ1 stress for verbs. 
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I also provide a robust statistical analysis of the acoustic correlates of stress in 

these two dialects. The σ2 stress observed in nouns is conveyed by “pitch” in Balti, 

and by both “pitch” and “pitch slope” in Rebkong Amdo. The σ1 stress observed in 

verbs is conveyed by both pitch and intensity in both dialects. 

Just as stress can be reconstructed for Proto-Tibetan, so, too, can the acoustic 

correlates of stress. The fact that F0-related parameters (pitch and pitch slope) are the 

primary cues for σ2 stress in nouns for both Balti and Amdo indicates that F0 was 

also prominent on σ2 of Proto-Tibetan nouns. I use the term “historical comparative 

acoustics” to refer to this method of reconstructing proto acoustic patterns. 

The prominent F0 reconstructed for σ2 of Proto-Tibetan nouns accounts for 

constraints on tone patterns long-observed and long-unexplained in the 

geographically central dialects. There, tone on σ1 can be either L or H, but tone on σ2 

can only be H. I offer a new explanation for this σ2 H tone: it is an acoustic reflex of 

Proto-Tibetan stress. The pattern of F0 prominence has remained robust, but its 

function has shifted over time, from conveying stress to conveying tone.
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1. Introduction 

The vast Tibetan language area – which extends across parts of Pakistan, 

India, Nepal, China, and Bhutan – provides an extraordinary living laboratory for the 

study of language variation and change. This dissertation focuses on variation and 

change in two prosodic features: stress and tone. 

Using original field data and acoustic analysis, I compare the stress patterns of 

two non-tonal dialects of Tibetan: Balti, spoken in Baltistan, northern Pakistan (at the 

western extreme of the Tibetan language area); and Rebkong Amdo, spoken in 

Qinghai Province, China (at the eastern extreme of the Tibetan language area). For 

both dialects, I demonstrate that disyllabic non-verbs (nouns, adjectives, and 

numerals) are stressed on the second syllable (σ2), and that this pattern is conveyed 

primarily by the fundamental-frequency-related parameters pitch and pitch slope. In 

contrast, I demonstrate that disyllabic verbs are stressed on the first syllable (σ1), and 

that this pattern is conveyed acoustically by both pitch and intensity. 

Ruling out borrowing and coincidence as sources of these common 

characteristics, I conclude that the stress patterns of Balti and Rebkong Amdo are 

derived from their common parent, Proto-Tibetan. That is, I reconstruct a pattern of 

σ2 stress for disyllabic Proto-Tibetan non-verbs, and a pattern of σ1 stress for 

disyllabic Proto-Tibetan verbs. 
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Furthermore, through a method I refer to as “historical comparative 

acoustics”1, I reconstruct the acoustic correlates of these proto stress patterns: the σ2 

stress of Proto-Tibetan non-verbs was conveyed by pitch and pitch slope, while the 

σ1 stress of Proto-Tibetan verbs was conveyed by pitch and intensity.  

This reconstruction begs the question of what happened to stress in those 

Tibetan dialects which innovated tone as a lexically contrastive feature. Do these 

dialects, too, show evidence of – or relicts of – second-syllable stress? Did consistent 

patterns of stress evolve into consistent patterns of tone? 

I begin to address these questions by considering disyllabic words in Tokpe 

Gola Tibetan, a tonal dialect spoken in northeastern Nepal. I demonstrate that the tone 

patterns observed on disyllabic words are acoustically consistent with the historical 

stress patterns. That is, I suggest that stress has played an important role in 

constraining the possible tone patterns, and that there has been a shift in the function 

of acoustic resources over time. 

These findings have implications regarding the direction of tone split in 

Tibetan. They also suggest a number of questions that will be interesting to 

investigate in future: (a) Could the stress patterns I identify here be productively 

analyzed as pitch accent? (b) Is there evidence of stress in the tonal dialects, and has a 

shift in stress occurred over time? (c) What is the domain of tone in Tibetan? and (d) 

Is it appropriate to draw a rigid distinction between stress as syntagmatic, and tone as 

paradigmatic? 

                                                            
1 I thank Bernard Comrie for suggesting this term. 
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In the present chapter I provide some general background on the Tibetan 

language, and describe dialect variation and distribution. 

Chapter 2 is a detailed account of the methodology I used in this study. This 

includes information about the collection of recorded materials; techniques used in 

the measurement of acoustic parameters; data coding; and data analysis and 

interpretation. 

Chapter 3 provides background information relevant to my study. After 

summarizing previous research, I present my own observations on the phonetics and 

phonology of Balti and Rebkong Amdo, including consonant and vowel inventories, 

syllable types, and prosodic patterns in words of different lengths. 

Chapters 4 and 5 are at the heart of this work. They comprise the detailed 

analysis of the acoustic correlates of stress for non-verbs and verbs in Balti and 

Rebkong Amdo, respectively.  

In Chapter 6 I summarize the conclusions of the previous two chapters. Based 

on these findings, I offer a reconstruction of stress in Proto-Tibetan and present a 

hypothesis regarding the role of stress in Tibetan tonogenesis. (This entails 

consideration of previous research on Tibetan tonogenesis; this was not included in 

Chapter 3, because it is more relevant here.) I briefly introduce several issues which 

merit further thought and investigation: the direction of tone split in Tibetan; stress 

shift in Tibetan; and the questions of whether a pitch accent analysis of Tibetan tone 

might be advantageous, and whether tone might sometimes be regarded as 

syntagmatic. 
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1.1 Genetic affiliation and typological overview 

The Tibetan language constitutes the Central Bodish branch of the Bodic 

division of the Tibeto-Burman family tree (Shafer 1974, Bradley 1997, van Driem 

2001: 828ff). Tibeto-Burman itself is a branch of the larger Sino-Tibetan language 

family. 

 Bielmeier (CDTD, n.d.) identifies Balti (northern Pakistan) as one of the 

Western Archaic dialects of Tibetan. (As opposed to the Western Innovative dialects.) 

Rebkong Amdo (Qinghai, China) is one of the Conservative Amdo Nomad dialects of 

the Eastern Amdo dialects group. Tokpe Gola belongs to Bielmeier’s Central Tibetan 

group – more specifically, it seems, among the Northern Nepalese Border Area 

dialects of eastern Nepal (along with Lhomi and Halung/Walung). Tournadre (p.c. 

2006) considers Tokpe Gola to be one of the Tö (stod) dialects of Central Tibetan. 

(These classifications are based partly on linguistic criteria and partly on geographic 

criteria.) 

 

Tibetan is a fairly strict SOV language. It is suffixing and postpositional. 

Numerals, quantifiers, and determiners follow the noun within a noun phrase; 

adjectives also usually follow the noun, but may sometimes precede it. Core 

arguments are marked by an ergative case-marking system. Frequently occurring 

oblique cases are genitive, instrumental, dative-locative, ablative, and comitative. 

Many case markers also function as enclitic clause-connectors. Tibetan is also 
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characterized by a rich system of evidential / epistemic marking, and some dialects 

employ an honorific register. 

It seems that most words in Tibetan are monosyllabic or disyllabic. Denwood 

(1999: 88) notes that monosyllabic words often denote “… many of the common 

referents of daily conversation”, including words for people, body parts, nature and 

the elements, agriculture, and household objects. Trisyllabic and quadrisyllabic words 

also occur, but are most often composed of disyllabic and monosyllabic elements 

joined together. 

As discussed in detail below, dialects range from non-tonal to tonal. They 

exhibit various degrees of vowel harmony. 

1.2 Dialect variation and distribution 

Tibetan exhibits a tremendous degree of internal variation. Based on 

geographic and linguistic criteria, Bielmeier (n.d.; p.c. July 2005) identifies five main 

dialect groups which encompass at least 129 varieties. According to Tournadre (2005, 

2008), Tibetan is comprised of 25 major groups which are quite distinct, and, within 

these groups, more than 220 different dialects. 

In some cases, dialects are quite similar to one another, differing only in terms 

of minor phonological details or lexical items. In other cases the differences result in 

mutual incomprehensibility. 

Based on their phonology, Tibetan is commonly divided into two broad 

categories: the “Archaic” dialects and the “Innovative” dialects (Jaeschke 1871, cited 
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in Bielmeier 1988b; Róna-Tas 1966). Balti and Rebkong Amdo are both Archaic 

dialects, while Tokpe Gola is an Innovative dialect. 

As originally defined by Róna-Tas (1966: 21), the Archaic dialects “...do not 

have pitch as a phonematic suprasegmental feature, and have preserved in a more or 

less complete form the preradical system of Old Tibetan.”2 In addition to preserving 

these onset consonant clusters, they also preserve coda consonants and coda 

consonant clusters. 

The Archaic dialects are found at the western and eastern margins of the 

Tibetan language area – in northern Pakistan and Ladakh, to the west, and in parts of 

Qinghai, Gansu, and Sichuan provinces of China, to the east. When the Tibetan 

empire was at its zenith in the 8th century, garrisons and settlements were established 

in these areas, and Tibetan was the language of power and prestige. As the empire 

collapsed and contracted late in the 9th century, remnants of the language were left 

stranded in these abandoned border regions, isolated from each other and from the 

dramatic linguistic changes which radiated through the vast geographic center. Thus 

archaic features of Tibetan were preserved at the periphery of the language area. 

The “Innovative” dialects are spoken throughout the broad central region of 

the Tibetan linguistic area, and physically separate the western and eastern Archaic 

                                                            
2 “Old Tibetan” refers to the language spoken at the time of the earliest preserved written records 

(Beyer 1992: 10 fn 4; 19) – i.e., the 8th century manuscripts discovered at Dun Huang and Khotan 
in Chinese Turkestan (Xinjiang Autonomous Region). Beyer uses the term “Classical Tibetan” to 
refer to the entire body of written Tibetan texts produced up through modern times (except for 
religious texts translated from Sanskrit) (Beyer 1992: 36-37); Goldstein distinguishes more recent 
newspapers and publications as “Modern Literary Tibetan” (Goldstein 1991). “Proto-Tibetan” 
refers to a form of the spoken language which pre-dates written records, and which is 
reconstructed through comparison of the modern spoken dialects and available written materials. 
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dialects areas. In contrast to the Archaic dialects, the Innovative dialects make use of 

phonemic tonal contrasts, and often have larger vowel inventories and contrastive 

nasalization and/or vowel length; syllables have simple onsets, and simple or no 

codas. 

The Innovative dialects sound so radically different from the Archaic dialects 

that one might think, at first, that the two groups have nothing in common and are 

completely unrelated.3 However, by comparing the dialects to each other and to 

Written Tibetan, linguists have been able to establish shared correspondences and a 

common historical parent. 

1.3 Correlations with Written Tibetan 

According to tradition, as the Tibetan empire was expanding in the 7th 

century, King Songtsen Gampo commissioned the scholar Thonmi Sambhota to 

develop a writing system for the language.4 The alphabet he developed is based on an 

Indic script of that period. Tibetan orthography was then standardized in the 8th and 

9th centuries, under King Ralpacan (Beyer 1992: 29). This standardization was 

intended to facilitate the translation of Buddhist religious texts, but one effect was 

that it became possible for all literate persons to communicate with one another, 

regardless of their dialect differences. Tibetan spelling has undergone only minor 

                                                            
3 The first time my Tokpe Gola Tibetan language consultant met with and listened to speakers of 

Rebkong Amdo Tibetan, he was completely astounded by the difference. They were able to 
communicate through the medium of Standard or Diasporic Tibetan. 

4 This was an important endeavor at that time, crucial to the administration of the now-sprawling 
empire. Early documents include court orders and records, accounts of important events and 
treaties, tax records, inventories, and communiqués with remote garrisons. 
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changes in the 1200 years since that time. The earliest Tibetan writings – 8th century 

manuscripts recovered from the caves of Dun Huang in 1906, and a treaty inscribed 

on a pillar in Lhasa – can still be read and understood today. This is quite remarkable, 

when one considers how much English spelling has changed in just the past few 

centuries. 

Written Tibetan (WT) plays an important role in linguistic investigation and 

analysis. Representatives of the Archaic and Innovative groups – such as the three 

dialects I consider in this dissertation – differ so significantly in terms of syllable 

structure and lexical prosody that it can be quite difficult to recognize cognates across 

the modern spoken varieties. Synchronic correlations can often be most easily 

identified by first examining diachronic correlations – that is, through the 

intermediary of Written Tibetan. 

For all of the modern spoken dialects – regardless of whether they have ever 

been written or not – there is a direct correlation between pronunciation and the 

standardized spelling. For the Archaic dialects, the consonants and vowels of the 

conservative orthography correspond almost directly to consonant and vowel 

segments in the spoken language. Thus a word like ‘accomplished’ 
0au0=-

 

(transliterated bsgrubs), would be pronounced [zɡrubs] in an Archaic dialect, with 

onset cluster and coda largely preserved.5 

                                                            
5 As pointed out to me by Roland Bielmeier (p.c. 2008), there are cases in my data in which a 

modern spoken form seems to preserve elements which are even more archaic than the form 

suggested by Written Tibetan. For example, in Balti the word [smor.'ðo] mu.rdo ‘border’ 
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In the Innovative dialects, these very same orthographic consonants and 

vowels correspond instead to suprasegmental features such as tone register and 

contour, as well as to onset voicing, umlaut, and nasalization. Here, the word 

‘accomplished’ bsgrubs would prototypically be pronounced [ɖù̱p], with a low falling 

tone. This particular CCCC- onset cluster is pronounced as the single voiced retroflex 

[ɖ]. The low tone also corresponds to this onset cluster, while the falling contour 

corresponds to the coda cluster. 

In general, then, WT “initial” and “pre-initial” letters are preserved as syllable 

onsets and onset clusters in the Archaic dialects, while WT “finals” and “post-finals” 

are preserved as syllable codas. In the Innovative dialects, on the other hand, WT 

initials and pre-initials are devoiced and/or simplified, and correspond to high or low 

register tone; WT finals and post-finals are reduced or have disappeared altogether, 

corresponding to level, falling, or rising tone, as well as to vowel lengthening, 

nasalization, and fronting. 

Further prosodic differences are illustrated by considering disyllabic words. 

The word for ‘star’ 
!:-1-

 skar.ma is pronounced [xkar.ma] with strong second-

syllable stress in Rebkong Amdo, an Archaic dialect, but [kā.mā] with a high tone on 

both syllables in Tokpe Gola, an Innovative dialect. The prominent prosodic feature 

in the Archaic dialects is stress, while in the Innovative dialects it is tone. 

                                                                                                                                                                          

preserves an [sm-] onset which in WT is only m-. Similarly, in Rebkong Amdo [xsam.'ba] 
zam.ba ‘bridge’, we hear an intial consonant cluster where there is none in WT. 
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Thus a word with a particular Written Tibetan spelling may correspond to 

radically different pronunciations. Though the correspondences differ from one 

dialect to the next, Written Tibetan links them all through time and space. Beginning 

with the work of Jaeschke (1871, [1881] 1958), there are innumerable studies which 

focus on or include a comparison of features of different spoken dialects to the 

corresponding Written Tibetan forms. Among them are Yang (1974), Haller (1999), 

Makley et al. (1999) and Huber (2005). 

1.4 Reconstructing Proto-Tibetan 

These systematic correspondences contribute to the conclusion that all of the 

modern spoken Tibetan dialects derive from a common parent. By comparing the 

sounds of diverse varieties to each other, and to the standardized Written Tibetan 

forms, direct correlations can be identified even across mutually incomprehensible 

dialect groups. Furthermore, through such comparisons, linguists have been able to 

reconstruct not only individual words in Proto-Tibetan, the common source language 

(e.g., Bielmeier 2002), but entire evolutionary paths, such as the process by which 

tone arose as a contrastive feature in the Innovative dialects (e.g., Sprigg 1972; 

Matisoff 1973; Kjellin 1975; Mazaudon 1977; Hari 1980; Bielmeier 1988a, b; Bufan 

1995). 

The geographic distribution of the phonologically conservative Archaic 

dialects – like Balti and Rebkong Amdo – is significant to this reconstruction. As 

noted, these varieties are spoken at the western and eastern edges of the Tibetan 
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linguistic area, separated by the huge expanse of the Tibetan Plateau, where the 

considerably different Innovative dialects are spoken. Given the physical and 

linguistic separation between these two speech areas, borrowing is ruled out as a 

source of the similarities they share. Coincidence is ruled out as a factor as well, 

given the comprehensive and systematic nature of these similarities. Thus linguists 

have concluded that the shared features must be due to inheritance from a common 

source language. 

(This methodology of comparing Archaic dialects from across the Tibetan 

linguistic area in order to reconstruct Proto-Tibetan directly informs the present work. 

I use parallel reasoning – comparing the features of Balti and Rebkong Amdo – to 

reconstruct the stress patterns and acoustic features of Proto-Tibetan.) 

By thus comparing modern spoken dialects and examining Written Tibetan 

materials, Proto-Tibetan has been reconstructed as lacking tonal contrasts and 

possessing complex syllable onsets and codas (Benedict 1972; Sprigg 1972, 1980; 

Bielmeier 1982, 1985b, 2002; Makley et al 1999; among others). The complex 

clusters and the lack of phonemic tone observed in Balti and Rebkong Amdo preserve 

these features. This preservation is attributable to the geographic and political 

isolation of these areas following the fall of the Tibetan empire in the 9th century.  

In the intervening central area, however, the Tibetan language underwent 

dramatic changes. These innovations probably originated near the seat of power and 

prestige around Lhasa and the nearby Yarlung valley, and diffused radially from 

there. In the dialects of this area, initial and final consonant clusters were drastically 
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reduced, or eliminated altogether. The phonologization of pitch is regarded as having 

occurred concomitantly: once-distinct words would have come to sound the same, 

had not tonal contrasts arisen to assume the functional contrastive load. This 

interrelationship between consonants and tone is reflected in the correlations we 

observe between the characters of Written Tibetan and the suprasegmental features of 

the Innovative dialects. 

In part because tonogenesis in Tibetan has been an area of such fascination for 

linguists – with a focus on the relationship between consonants and tone – the role 

and properties of stress have been largely overlooked. This dissertation helps to fill 

that gap. I provide here a detailed description of stress in two Archaic dialects, and 

offer a hypothesis regarding the role of stress in Tibetan tonogenesis. 
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2. Methodology 

The basic methodology of this project was to measure the acoustic properties 

of disyllabic words in Balti and Rebkong Amdo Tibetan, to determine whether these 

acoustic properties are more prominent in one syllable or the other, and to compare 

these patterns of prominence to patterns of perceived stress. These three steps lead to 

the identification of the acoustic correlates of stress in each dialect. In this chapter I 

describe the details of this approach. In Chapter 6, the acoustic characteristics of Balti 

and Rebkong Amdo will be compared, yielding a reconstruction of some of the 

acoustic properties of their common parent, Proto-Tibetan. 

In section 2.1 below I discuss the collection of raw language materials, 

including a description of word lists, recording techniques, elicited data, and the 

transcription and transliteration conventions I have adopted. I also present 

background information on my language consultants. In section 2.2 I summarize the 

techniques used in the measurement of acoustic parameters, and the decisions made 

in coding various properties of the words analyzed (e.g., lexical category, 

morphological structure, etc.). In section 2.3 I describe, in detail, how pitch, intensity, 

and vowel duration data was analyzed; in section 2.4 I describe how pitch slope data 

was analyzed. Finally, in section 2.5 I discuss what it means for a contrast in one of 

the acoustic parameters to be statistically, perceptually, and contextually significant. 

All three of these conditions must be met in order for a correspondence with the stress 

pattern to be considered a non-trivial correlate of – or cue for – stress. 
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2.1 Recordings and other materials 

The raw language materials on which my dissertation is based fall into two 

categories. “Primary materials” are the target words I recorded specifically for 

acoustic analysis. “Supporting materials” includes various other recordings and field 

notes. 

2.1.1 Primary materials 

In this section I describe the materials which were recorded specifically for 

acoustic and quantitative analysis. I used a high-quality head-worn microphone and 

focused on disyllabic words, particularly nouns and adjectives. All of my primary 

Rebkong Amdo materials were collected in Kathmandu, Nepal in December 2004. I 

recorded one speaker of Balti Tibetan in northern Pakistan in August 2003, and the 

other in Seattle, Washington in September 2006. 

2.1.1.1 Subjects 

I recorded six speakers of Rebkong Amdo Tibetan while working in 

Kathmandu, Nepal in December 2004. For all of the speakers I worked with, the 

target dialect is their mother tongue. For this study, my acoustic and quantitative 

analysis is based on the recordings of two speakers of the dialect. I chose the speakers 

whose recordings combine the best acoustic quality, the most complete word list, and 

the greatest speaker confidence and clarity. 

The Rebkong Amdo speakers I recorded were all refugees passing briefly 

through the sne len khang, the UNHCR (United Nations High Commission for 
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Refugees) camp on the outskirts of Kathmandu. As I was not permitted to enter the 

camp, it was only possible to work with the Amdo speakers through the assistance of 

my Amdo research assistant, Sangye Gyatso. Sangye is himself from Rebkong 

County, and I had worked with him previously collecting recordings of Amdo in 

Rebkong village in Qinghai Province. Since Sangye was working for the UNHCR 

interviewing refugees, it was possible for him to visit the camp with little difficulty. 

He interviewed and selected speakers to work with me; they were permitted to leave 

the camp under Sangye’s accompaniment. At the time of recording they had been in 

the refugee camp from one week to two months; they were gone, en route to India, 

within another few weeks. 

All of the Rebkong Amdo speakers I worked with were natives of Rebkong 

County (WT: reb.gong or reb.kong; Ch: Tongren), Malho Prefecture (WT: rma.lho; 

Ch: Huangnan), Qinghai Province. Within Rebkong County they were born in several 

different townships and, if the same township, then in different villages. However, 

this geographic range does not seem to correspond to any obvious dialect variations. 

More important are the three speech varieties recognized in the area: rong.skad 

‘village speech’ spoken in the village centers or agricultural areas; ’brog.skad ‘nomad 

speech’ spoken among the pastoralist nomads; and rong.ma.’brog ‘neither village nor 

nomad’ (i.e., an indistinct mixed variety; also known as sa.ma.’brog in Standard 

Tibetan). Most of the subjects I recorded described themselves as speakers of 

rong.ma.’brog [roŋ.man.ɖo]. Both of the subjects whose recordings I used for 

acoustic analysis in this study were speakers of this variety. 



16 

 

My first Rebkong Amdo consultant (AR_04) was 30 years old at the time of 

recording. He was born in the village of btson.mo.yar.ster in btson.mo Township. He 

completed primary school through class five, and from the age of 12 was educated at 

a local monastery where he learned to read and write Tibetan. The rong.ma.’brog 

variety of Rebkong Amdo is the only language he speaks. He had never traveled from 

his home until the pilgrimage which brought him through Kathmandu. He had arrived 

at the UNHCR refugee camp only three weeks before the time we worked together. 

The second Rebkong Amdo language consultant whose recording is 

considered here (AR_05) was born in ldong.nge village in mdo.ba township. He was 

24 years old at the time of recording. He had no formal education until the age of 13, 

when he began his studies at a local monastery where he learned to read and write 

Tibetan. He speaks a little bit of Chinese in addition to his native rong.ma.’brog. 

Other than two years of study at Labrang monastery, he had never left his home until 

the pilgrimage which brought him to the UNHCR camp six weeks before we met. 

My recordings of Balti Tibetan were made under different circumstances. I 

recorded my first language consultant (BM_01) in the village of Machulo, in 

Baltistan, Pakistan in August 2003. He was 50 years old at the time and had worked 

as a trekking guide. He had little – if any – formal education, and was not literate. 

It is somewhat unusual to encounter natives of Baltistan in the United States, 

and I was fortunate to be able record my second Balti language consultant (BSh_03) 

in Seattle, WA in September 2006, when we were both attending the 39th 

International Conference on Sino-Tibetan Languages and Linguistics. He was born in 
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the Shigar area of Baltistan; his mother tongue is the variety of Balti spoken there. 

When he was a boy, his father found work in Islamabad, so he went there to live and 

attend school, returning to his native village for several months each year. He 

completed a university degree, and then returned to Baltistan for several years to 

work in the promotion of Balti language and culture. He now lives in New York city. 

He is fluent and literate in Urdu and English, and has begun to study the Tibetan 

writing system.6 

2.1.1.2 Recording procedure 

Recordings of Rebkong Amdo were made using a Sharp MD-722 minidisk 

recorder and a Shure SM10A monaural head-worn cardioid condenser microphone 

with a Shure A96F line-matching transformer. The microphone was generally 

maintained at a distance of ½ to 1 inch from the subject’s mouth; a windscreen was 

used to reduce explosive breath sounds. Though the transformer was new, some 

corrosion was discovered at its juncture with the cable leading to the minidisk 

recorder. This corrosion appears to have introduced intermittent background static 

into some recordings; this did not in any way affect analysis of the data. 

Each word was recorded twice in isolation, and then twice within the frame 

“In our language we say X” (sometimes varied to “In my homeland we say X” or 

“My people say X”), which places the target word in utterance-medial position (e.g., 

literally: “In our language we X say”). In this context, the target word was often 

                                                            
6 He did not learn the Tibetan writing system during his formal education, as – until quite recently 

– Balti has been written using only the Urdu script, which is not ideally suited to the task. 
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produced with sentence-level stress. Finally, each subject spontaneously composed a 

very short original sentence containing the target word. This was helpful in 

confirming the lexical category of the target word and in providing an opportunity to 

check for errors – e.g., if the subject misunderstood what word he had been asked to 

produce, this became clear in his spontaneous composition. Also, in most of these 

spontaneous sentences the word was produced without emphatic stress. 

The subjects varied in terms of their comfort with the task, which sometimes 

affected speaking rate, loudness, and clarity. This was more often the case with the 

Amdo speakers, since they were generally much more shy and less familiar with 

technology. Since I recorded several Amdo speakers on a given day, while we 

worked with the first subject the other(s) would observe and listen, and then were 

usually more relaxed and I was able to get better recordings. 

I followed the same protocol when working with the second speaker of Balti 

(BSh_03) in Seattle, WA in September 2006, except that I used an Edirol R-09 digital 

recorder rather than a minidisk recorder. 

When I worked with the first speaker of Balti (BM_01) in Machulo, Pakistan, 

I recorded an elicitation session conducted by my colleague Nicolas Tournadre, 

whose research objectives were different than mine. Target words were produced 

only in isolation. Some words were produced two or more times; some were produced 

only once. I have no recordings of the target words in a fixed frame, and only a few in 

natural, spontaneously-produced sentences. In recording this material I again used a 

Sharp MD-722 minidisk recorder, but with an Audio Technica monaural head-worn 
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cardioid condenser microphone. The microphone was generally maintained at a 

distance of 1 to 2 inches from the speaker’s mouth, though it had a tendency to slip 

around on the speaker’s head. 

All of these recordings (except for the one made in Seattle) were conducted 

with the assistance of other native speakers of Balti or Rebkong Amdo, who also 

speak some English as well as Urdu, Tibetan, and/or Nepali. Subjects were prompted 

with a word, definition, or phrase in one of these languages (or in the target dialect, 

when necessary), and the subject then produced the target form in his dialect. 

The recordings made using the Sharp MD-722 mini-disk recorder were 

transferred to CD's by connecting a Tascam MD-350 Professional Minidisk Deck to a 

Tascam CD-RW 700 CD Rewritable Recorder, thus preserving the quality of the 

digital recording. The material I collected using the Edirol R-09 digital recorder was 

transferred directly in digital format to a personal computer through a USB cable. The 

digital material was then available for acoustic analysis. 

2.1.1.3 Word lists 

A list of the disyllabic words analyzed for this study can be found in the 

Appendix. The Written Tibetan form is provided for each word, and the IPA 

transcription is provided for the forms as produced by each of the four speakers, in 

isolation and frame settings. 

As noted above, when I recorded my first Balti consultant in northern Pakistan 

(BM_01), I piggy-backed on an elicitation session conducted by Nicolas Tournadre. 

Thus the words I recorded from this speaker were all from the pan-dialectal ‘Basic 
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Lexicon’ he had developed for his ongoing documentation and comparison of 

language varieties across the entire Tibetan linguistic area. This list (Tournadre p.c. 

2003) consists of more than 650 words representing all lexical categories, including 

many disyllabic nouns, adjectives, and verbs which are of direct relevance to my 

work. 

When I worked with my Rebkong Amdo consultants (AR_04 and AR_05), I 

used my own list of approximately 500 lexical items, which was dominated by nouns 

and adjectives (and which included many words which were not disyllabic). Since I 

plan to use this same word list in future research projects, I took into consideration 

several factors which are of special relevance to tonal varieties of Tibetan but which 

were not so important for the present study. In the tonal dialects – even those which 

have never been written – many scholars have noted that there is a systematic 

correlation between the letters of Written Tibetan and the perceived tone patterns. 

Thus in order to achieve a balanced sample, as much as possible I selected disyllabic 

words to represent each letter of the Tibetan alphabet as an onset of σ1 and of σ2, 

both as an isolated root and as part of consonant clusters. Syllable rhymes also 

represented different Written Tibetan spelling patterns: open syllable; closed syllable 

with a simple suffix; closed syllable with suffix + post-suffix. Controlling for these 

parameters will permit consideration of correlations between onsets and register tone, 

and between codas and contour tone in future studies. Of more immediate relevance, 

it also permits consideration of the potential relevance of onsets to syllable 
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prominence, and the potential contribution of codas to syllable weight, both of which 

can play a role in stress assignment. 

Disyllabic nouns and adjectives in the list were also chosen to represent 

various morphological structures (i.e., monomorphemic, compound, and reduplicated 

forms), as well as the different tone patterns which are common in the tonal dialects 

(i.e., HH and LH, for nouns and adjectives).7  

The list also includes many monosyllabic words – in particular, pairs of 

monosyllabic words that can be combined to form compounds: e.g., rta ‘horse’ + sga 

‘saddle’ → rta.sga ‘horse saddle’. Disyllabic compounds whose elements could be 

reversed – such as mig.chu (‘eye’ + ‘water’) ‘tear’ vs. chu.mig (‘water’ + ‘eye’) 

‘spring’, and bcu.gsum (‘ten’ + ‘three’) ‘thirteen’ vs. gsum.bcu (‘three’ + ‘ten’) 

‘thirty’. Such cases provide a means of testing the correspondence between syllable 

position and stress. 

A number of tri- and quadri-syllabic words were added to collect preliminary 

material for future work, and words from other lexical categories or morphological 

composition were included to illustrate contrasting patterns of stress or tone. For 

instance, noun + clitic constructions exhibit σ1 stress (in non-tonal dialects) or a HL 

tone pattern (in tonal dialects). Such forms serve as “the exceptions which prove the 

rule”, since disyllabic nouns otherwise do not exhibit either σ1 stress or low tone on 

σ2. Thus in addition to the nouns and adjectives which were my focus when I 

                                                            
7 Of course, tone is not relevant to Balti or Rebkong Amdo, but including such words will facilitate 

comparative work in the future. 



22 

 

developed the list, also included are disyllabic numerals, verbs, and adverbs, as well 

as disyllabic noun + clitic and noun + verb constructions. 

I sought to populate the list with lexical items common throughout the vast 

Tibetan linguistic area, despite dialectal, environmental, cultural, and religious 

differences. This allowed me to elicit many of the same words from both dialects, and 

will enable me to expand the project to other dialects in future. I began the list in 

collaboration with my Balti language consultant in Skardu, Baltistan, Muhammad 

Raza Tasawor. Fom the glossary of an intermediate level Chinese-[Lhasa] Tibetan-

English pedagogical text which I had with me in Pakistan (Thup bstan tbang po et al., 

2002), we selected appropriate words which he identified as also part of the Balti 

lexicon. I also drew on word lists which I had developed during my previous work on 

Tokpe Gola Tibetan – a tonal dialect of northeastern Nepal which I have studied – 

and included new ideas offered by Dandu Sherpa, my primary Tokpe Gola consultant. 

I also borrowed from several very helpful sources, selecting words from the 

‘Noun’ volume of Roland Bielmeier’s Comparative Dictionary of Tibetan Dialects 

(Bielmeier 2002), from the ‘Basic Lexicon’ developed by Nicolas Tournadre (p.c. 

Tournadre 2003), and from Roerich’s grammar and lexicon of Rebkong Amdo 

(Roerich 1958). Finally, I included words which were used in the works of Dawson 

(1980), Bielmeier (1988a), and Meredith (1990), in order to check the stress patterns 

they reported for various dialects of Tibetan, and in the work of Volkart (2003) to 

illustrate the various types of compounds which occur in Tibetan. 
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I elicited from this same list of about 500 lexical items when I recorded the 

second speaker of Balti (BSh_03) in Seattle, WA, though some of the monosyllabic 

words were skipped and other disyllabic words – especially verbs – were added. 

Not all of the words in these lists were recorded: In some cases I was not able 

to effectively describe or define the target word for the consultant; in other cases a 

consultant did not have a form of the target in his idiolect. During several sessions, in 

the interest of time, attention was focused on disyllabic forms which had already been 

elicited successfully from other speakers of that dialect. And not all of the words 

recorded were considered further: Words consisting of more or less than two syllables 

(i.e., mono-, tri-, and quadrisyllabic forms) were set aside for future research projects. 

Most significantly, not all of the disyllabic words recorded could be analyzed: 

There were many cases in which the phonetic composition of a word did not lend 

itself to accurate identification of segmental boundaries. Especially problematic, for 

instance, were words with (a) syllables containing glides, such as [Cyi-] (occurring in 

both dialects) or [-wa] (occurring in both dialects, but especially common in Amdo, 

as in [moq.wa] mag.pa ‘bridegroom, son-in-law’); (b) syllables in which a velar nasal 

was reduced to a velar approximant: [ŋ]  [ɰ]. This occurred frequently in Balti, in 

words such as [kʰa ̃ɰ.ma] kang.pa ‘house’ and [ᵊʁdũ̃ɰ.ma] gdung.ma ‘beam’, and in 

Amdo in words such as [ᵊŋa.mõɰ] rnga.mong ‘camel’; (c) syllables in which a vowel 

was highly fricated before a fricative coda, as in σ2 of Amdo [ᵊrɤ.dɤɣ] ri.dwags 

‘wild animal; herbivore’; and (d) syllables with syllabic sonorant nuclei. Since the 
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span of the nuclear vowel could not be defined for such syllables, there was no way to 

collect precise measurements of the vowel’s duration, average pitch, etc. For each 

dialect, there were scores of disyllabic words I recorded which could not be analyzed 

because they could not be reliably segmented. These cases will provide useful 

guidelines in developing word lists for future projects. 

Of course, words which were mumbled or partially obscured by background 

noise were also set aside. 

Thus the list of disyllabic words which were analyzed, provided in the 

Appendix, includes all words from both target lists which could possibly be recorded 

and segmented. With all speakers, it invariably happened that numerous words 

similar to or contrasting with those on the target lists arose during our discussions; 

these, of course, are included as well. 

2.1.2 Supporting materials 

“Supporting materials” refers to everything other than the recordings collected 

specifically for acoustic and quantitative analysis of the target words. This includes 

miscellaneous recordings and field notes gathered in different places and under 

varying conditions. These materials were useful in developing the phonetic and 

phonological descriptions of the two dialects which are presented in Chapters 4 and 5. 

The stress patterns they exhibit are consistent with those quantified through acoustic 

measurements. 

For Balti Tibetan, these supporting materials consist of field notes with 

observations and close phonetic transcriptions of my 500-item word list, as elicited 
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from a third male speaker of the Skardu variety (speaker BSk_02). After eliciting and 

transcribing the word list, I subsequently recorded all of the words, but – as discussed 

in Chapter 5 – I was concerned that the speaker had suddenly adopted an unnatural 

intonation under the more formal conditions of recording, and so was reluctant to 

consider this data.  

I collected preliminary material on Rebkong Amdo while conducting 

fieldwork in Qinghai Province, China in September 2003. I elicited my 500-item 

word list from a male speaker who was living in the city of Xining. This session was 

closely transcribed, and was also recorded. I later worked with one male speaker and 

one female speaker in the village of Rebkong, eliciting a set of words provided to me 

by Jackson T.S. Sun (p.c. 2003). This set was designed for pan-dialectal use in 

identifying diachronic correspondences between WT spelling (i.e., various onsets and 

codas) and features such as [de-]voicing, the phonemic status of tone, the preservation 

of codas, the development of labial initials, etc. Again, this elicitation session was 

recorded and closely transcribed. 

In all of this supporting material, stress patterns were the same as those 

quantified here. 

2.1.3 Transcription and transliteration 

I transcribed the data from the two dialects according to the 2005 IPA 

standards, with a few exceptions. For the palatal approximant I use [y] rather than [j]. 

This is consistent with the use of y in the Wylie transliteration of Written Tibetan 
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(Wylie 1957), and thus eliminates the confusion which might arise if I were to use [j] 

in transcription and y in transliteration to represent the same sound. It also maintains a 

clear distinction from the Wylie voiced palatal affricate j ([dʑ] or [dʓ]) and from the 

IPA voiced palatal stop [ɉ], both of which are also used in this project. For the palatal 

nasal, I use [ny] rather than the IPA [ɲ], a choice which again is consistent with the 

Wylie transliteration. 

My transliteration of Written Tibetan into the Latin alphabet generally follows 

the Extended Wylie Transliteration Scheme developed by the University of Virginia’s 

Tibetan and Himalayan Digital Library (THDL)8, based on Wylie (1957), except that 

I prefer to use a period “.” rather than a blank space to represent boundaries between 

syllables. This leaves the blank space available for use as a word boundary, which is 

not indicated at all in the Tibetan orthography. 

2.1.4 Stress placement 

I make frequent reference in this dissertation to my own perceptions of stress. 

Stress was very easy to hear, and the patterns were the same in both dialects: nouns, 

adjectives, and numerals (the non-verbs) are stressed on σ2, while verbs are stressed 

on σ1. These patterns have been observed and reported by previous scholars, looking 

at Balti and other varieties of Amdo separately. What is new in my work is that I 

connect the dots: by thinking of stress in the two dialects together, rather than 

                                                            
8 http://iris.lib.virginia.edu/tibet/ 
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separately, it is quite clear that the patterns are the same, and that the most plausible 

reason for this is that they were inherited from a common source. 

I also attempted to find out if my language consultants were consciously 

aware of stress. During my work with Rebkong Amdo speakers in Kathmandu, I tried 

“clapping” and “tapping” tests on several occasions. I asked the speakers to clap their 

hands or tap the table in synchrony with production of a word, each syllable accorded 

one clap or tap, with a louder, more emphatic impact corresponding to the stressed 

syllable. These experiments did not yield the hoped-for results. It seems I did not 

succeed in explaining the notion of stress or prominence, and my consultants instead 

understood this to be an exercise in counting the syllables of a word – with one clap 

per syllable – which they were able to do quite readily. 

I did not have the opportunity to conduct such an experiment when recording 

my first Balti consultant, BM_01, in Pakistan. Speaker BSh_03 seemed to be 

consciously aware of stress contrasts, since he was able to offer me noun-verb 

minimal pairs, such as [xlat.'pa] klad.pa /glad.pa ‘brain’ and ['xlat.pa] *glad.pa 9 ‘to 

be tired’. 

2.2 Data coding and data collection 

Data coding and data collection were completed in three stages, which are 

discussed in the three sections below. Non-variable information associated with a 

word – such as its lexical category and morphological structure – was coded in the 

                                                            
9 “*” indicates a reconstructed Proto-Tibetan form, provided to me by Roland Bielmeier (p.c. 

2008). 
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name of the soundfile, as described in section 2.2.1. In 2.2.2 I discuss the use of Praat 

“textgrids” to encode the potentially variable information specific to each utterance – 

segments, perceived stress, syllable structure, etc. In this section I also describe the 

techniques used to collect measurements of the four acoustic parameters which are 

likely correlates of stress: pitch, intensity, pitch slope, and vowel duration. Finally, in 

section 2.2.3 I discuss the coding of categorical information such as syllable type 

(open vs. closed) or vowel height (low vs. mid vs. high). This stage of coding was 

completed in an Excel spreadsheet or .txt file, and was based on the token-specific 

information embedded in the textgrids. 

2.2.1 Coding in the filename 

Each word recorded and analyzed was assigned a unique filename, 

summarizing and storing the kind of information that does not vary from one token to 

the next. This information could later be “unpacked” using a simple equation in an 

Excel file. 

Typical filenames are illustrated in (1): 

(2.1) AR__01_04_01_02_0029_star.wav 
 AR__01_04_01_02_0029_star.TextGrid 
 

They have the following structure: 

(2.2) dialect_project_speaker_lexical.category_morphology_item#_gloss 
 

Three character spaces were allotted for the dialect codes, allowing for future 

expansion of my study. The codes I used in this project were as follows: 
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(2.3) BM_ Balti – as spoken in the village of Machulo  
 BSh Balti – as spoken in the Shigar area 

AR_ Amdo – Rebkong variety 
  

The project code is a key referencing which word list I recorded and what 

kind of recording equipment was used. The speaker code is self-explanatory. I 

allotted two character spaces for each of these codes. All of the filenames in this 

project thus begin with one of the following fixed prefixes: 

(2.4) BM__02_01_ 
BSh_03_03_ 
AR__01_04_ 
AR__01_05_ 
  

The remaining elements of the filename encode other non-variable 

information associated with the target word. In this study I consider nouns, adjectives, 

numerals, and verbs, but words from other lexical categories were recorded as well. 

Lexical category codes are shown in Table 2.1 below. 

Table 2.1  Lexical category codes 

Code Lexical category 
01 noun 
02 adjective 
03 numeral 
04 adverb 
05 verb 
06 clause 
07 question word 
08 verb – imperative 
09 complex nominal or noun phrase 
10 pronoun (personal, deictic) 
11 auxiliary / copula / evidential 
12 kinship term 
13 verb phrase 
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Morphological structure codes are shown in Table 2.2. This list includes all of 

the forms I encountered during recording. Again, only a few are relevant to this 

analysis; for nouns, adjectives, and numerals: (02) monomorphemic, (03) compound, 

(04) reduplicated, (05) borrowed, (00) undetermined; for verbs: (12) N+Vblzr, (16) 

verb - citation form. 

Table 2.2  Morphological structure codes 

Code Morphological structure / origin 
00 unspecified / undetermined / irrelevant 
01 monosyllabic 
02 monomorphemic 
03 compound 
04 reduplicated (repetitive, distributive) 
05 borrowed 
06 negated 
07 N + adjective 
08 nominalized 
09 linked by genitive 
10 cliticized form 
11 interrogative 
12 N + verb / verbalizer 
13 construction 
14 verb – past form 
15 verb – non-past form 
16 verb – citation form 

  

The final two elements of the filename are the item number and gloss of the 

word recorded. 

Thus AR__01_04_01_02_0029_star refers to item 0029 ‘star’, a 

monomorphemic noun recorded from Rebkong Amdo speaker 04, drawn from a 

particular word list and recorded using a particular combination of recording 

equipment and microphone. 
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The filename information was inextricably linked to acoustic measurements 

and other coding information in a .txt file, as discussed in the sections below. 

2.2.2 Acoustic measurements and coding in textgrids 

In this study, four potential acoustic correlates of stress were evaluated: 

“pitch”, “pitch slope”, intensity, and vowel duration. This set of parameters differs 

from conventional acoustic studies in two respects. 

First, it is not common to identify “pitch slope” as an indicator of stress. In 

this project, though, on hearing Rebkong Amdo nouns produced in isolation, one is 

immediately and unmistakably struck by the dramatic drop in pitch which occurs in 

the second (stressed) syllable. Quantifying this drop in pitch is thus essential to an 

evaluation of stress in Rebkong Amdo. 

Second, technically speaking, “pitch” and “pitch slope” are not “acoustic 

correlates”. Pitch is actually an auditory or perceptual parameter. The corresponding 

measurable acoustic parameter is fundamental frequency, which reflects the rate of 

vibration of the vocal folds of the speaker, and the rate of vibration of the eardrum of 

the hearer. Here, though, I regard pitch and pitch slope as two expressions of one 

acoustic resource: fundamental frequency. “Pitch” is the average F0 over an interval, 

while “pitch slope” is the change in F0 over an interval. As demonstrated in Chapters 

4 and 5, pitch and pitch slope sometimes reinforce one another as correlates of stress, 

and sometimes complement one another as correlates of stress. 
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Measurements of these four parameters were collected using the Praat 

phonetics software (Boersma 2001, Boersma and Weenink 2008).10 The measurement 

process was expedited and semi-automated using a custom script which I wrote 

within Praat. For vowel duration, pitch, and intensity, measurement was fully 

automated, so it was just as easy to collect several data points for these parameters as 

to collect one. For pitch slope, the script automatically opened the textgrid, allowing 

the user to inspect the pitch contour. The mid 50% of the vowel was highlighted 

automatically, and the script would calculate the slope across this span by default. 

Alternatively, the user could manually select a span with a representative pitch slope, 

avoiding discontinuities in the pitch contour or anomalous adjacency effects of onset 

and coda consonants. Slope was calculated by subtracting the pitch at the start of the 

interval from the pitch at the end of the interval, and then dividing by the elapsed 

time. The resultant value, in Hz/msec, was then divided by 10 to yield a result in 

Hz/100msec. 

Table 2.3 below summarizes the ten parameters measured – and the span(s) 

over which each parameter was measured – for each syllable of each target word. The 

pitch and intensity measurements collected over the mid 50% of the vowel – which I 

regard as “stable” since they are free of the influence of adjoining consonants – are 

the ones I used in statistical analysis and on which the conclusions of this study are 

                                                            
10  This program is updated frequently. The versions I used for this project were 4.4.22 through 

4.5.11, accessed from http://www.fon.hum.uva.nl/praat/ between May 2006 and January 2008. 
According to http://www.fon.hum.uva.nl/praat/manual/What_s_new_.html, none of the 
modifications implemented in recent years have affected the algorithms used to measure the 
acoustic parameters of interest.  
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based. (In general, there was very little difference – only a few Hz, or a dB or two – 

between these stable values and the values measured over the full span of the vowel.) 

Table 2.3  Acoustic measurements collected using Praat 11 

Acoustic 
feature 

Measurement span 
Average over 
full nuclear 

vowel 

Average over 
mid 50% of 

nuclear vowel 

Value at 
midpoint of 

nuclear vowel 

Maximum 
value 

Vowel duration 
(msec) 

 NA NA NA 

Pitch (Hz)     

Intensity (dB)     

Pitch slope 
(Hz/100 msec) 

  NA NA 

NA: not applicable 
 

The setting values I selected in Praat for each acoustic parameter are 

summarized in Table 2.4 below. 

Table 2.4  Setting values used in the Praat script 

Acoustic feature Setting Value 

Pitch 
Time step (sec) 0.0 (= auto) 
Pitch floor (Hz) 75 
Pitch ceiling (Hz) 350 

Intensity 

Minimum pitch (Hz) 75 
Time step (sec) 0.0 (= auto) 
Averaging method energy 
Subtract mean yes 

Formants (burg) 
Max number of formants 5 
Maximum formant (Hz) 5000 

 

                                                            
11  In addition to the ten measurements shown in the table, the script also measured pitch and 

intensity at four other discrete points in time: the beginning of the vowel; the beginning of the 
stable 50% of the vowel; the end of the stable 50% of the vowel; and the end of the vowel. The 
absolute time at each of these points was recorded, as was the absolute time at which maximum 
pitch and intensity occurred. 
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The script requires as input a sound file (.wav or other format) and a 

corresponding “textgrid”, an artifact which is created in Praat. Textgrids provide a 

means of permanently storing the segmental content, syllable structure, and other 

information which is unique to each particular token of the target word. The structure 

and labeling of an input textgrid required for operation of this script is illustrated by 

the example in Figure 2.1 below.  

Figure 2.1  Sample Praat textgrid: Rebkong Amdo word [çsam.ba] zamba ‘bridge’  

 

The measurement script operates by scanning Tier 5 of a textgrid for any 

intervals labeled ‘n’; these intervals correspond to the vowel nucleus of a syllable. For 

each ‘n’ interval, the ten acoustic parameters listed in Table 2.3 are measured, 

temporal information is recorded, and then labeling information is collected from the 
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tiers above and below the ‘n’, and from onset (‘o’) and coda (‘c’) intervals to the left 

and right, when an onset or coda exists. 

Tier 1 provides information on the setting of the token being analyzed. 

‘isolation’ indicates a pausal form; ‘frame’ indicates a form produced in the frame 

such as “In our language we X say”; ‘sentence’ indicates a form occurring within the 

speaker’s spontaneously-composed short sentence. The labels on Tier 2 encode the 

syllable being analyzed: ‘is1’ stands for “isolation: syllable 1”; ‘fs2’ stands for 

“frame: syllable 2”, and so forth. The syllable template is given on Tier 3. 

Tier 4 is labeled to indicate syllable tone: ‘l’ for low tone, ‘h’ for high tone. 

This parameter is not relevant to the present study; Balti Tibetan and Rebkong Amdo 

Tibetan are not tonal dialects. The purpose of this coding scheme is to facilitate a 

future investigation of the correspondence between consonants and tone across 

dialects. 12 

                                                            
12 While Balti Tibetan and Rebkong Amdo Tibetan are non-tonal, the labels on this tier reflect the 

tone that syllable would have in a dialect such as Tokpe Gola Tibetan, a tonal dialect spoken in 
northeastern Nepal on which I have conducted extensive field work. The tone patterns of Tokpe 
Gola are similar to those reported for other Innovative dialects such as Lhasa Tibetan, Kyirong 
Tibetan, and others. Storing the “hypothetical tone” values for Balti and Rebkong Amdo together 
with other syllable information will make it easier, in future work, to identify correlations 
between, for instance, consonant clusters and tone patterns. These hypothetical tones were 
generally determined by comparing Balti and Rebkong Amdo words to the Tokpe Gola cognate. 
For instance, the words for ‘willow tree’ in Balti and Rebkong Amdo are [�t�aχ.'ma] and 
[xt�aŋ.'ma], respectively, with second-syllable stress. They are coded on Tier 4 with ‘h’ on both 
syllables, following the high-high tone pattern in the Tokpe Gola word [t�a�ŋ.ma�]. Where 
there was no clear Tokpe Gola cognate, the hypothetical tone was determined by finding the word 
in a dictionary such as Goldstein (1984), Norberg-Hodge and Paldan (1991), Goldstein (2001), or 
Sprigg (2002) and deducing the tone pattern from the Written Tibetan spelling. For nouns, 
adjectives, and numerals, of course, it was only necessary to apply this technique to the first 
syllable, since the tone of the second syllable is always high in Tokpe Gola and similar dialects. 
For verbs, whose tone patterns are more variable, I generally did not assign a hypothetical tone to 
the second syllable since I did not know what it might be. 
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Finally, the IPA symbols for the nuclear vowel and for onset and coda 

consonants (when present) are provided on Tier 6. 

Once all of the acoustic measurements and labeling information have been 

gathered for a particular ‘n’, the script automatically writes all of the data collected – 

together with the name of the sound file – to its own line in a specified .txt file, which 

can be readily opened in Microsoft Excel. The script then moves on to search for the 

next ‘n’ in the textgrid, and repeats the process. 

Figure 2.1 shows only a portion of a full textgrid. The full textgrid from which 

this selection was extracted is shown in Figure 2.2. In addition to the isolation form, 

the frame and sentence forms have also been segmented and coded. (Since I did not 

collect measurements from the sentence forms, I usually did not bother to label them 

on the textgrid.) In most cases, the speaker produced the isolation and frame forms 

twice; only the second iteration was marked for analysis. When the script is run, it 

collects measurements and labels from all forms marked in the textgrid, as long as 

their vowel nuclei are coded ‘n’. In some cases, though, when the speaker produced 

the frame form in a rush, the ‘n’ interval was too short for Praat to define the 

necessary analysis window. Thus there are more measurements for isolation forms 

than for frame forms. 
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Figure 2.2  Full Praat textgrid: Rebkong Amdo word [çsam.'ba] zamba ‘bridge’  

 

The script was designed to operate on batches of sound file / textgrid pairs. If 

a number of such pairs are present in Praat’s ‘Object window’, when the script 

collects data for the last ‘n’ interval of a particular word, it will immediately move on 

to the next word in the list, and will continue collecting data and sending it to the 

specified .txt file until the entire list has been processed. Another script I wrote 

instantly opens batches of sound file / textgrid pairs from a file folder to the Object 

window, so a large number of words can be processed very quickly. 

With the measurement process thus automated, the only time-consuming task 

was the creation, segmentation, and labeling of the textgrids. I was able to semi-

automate this step through the use of an additional Praat script, and used another 

script to expedite the process of double-checking textgrids by automatically opening 
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them and zooming to the portions of interest. Using scripts to minimize the time 

devoted to all of these mechanical steps meant that attention could be focused instead 

on areas requiring a human eye and interpretation. 

As noted above, all of the acoustic measurements listed in Table 2.1 are 

collected within the span defined by the ‘n’ intervals on Tier 5 of the textgrid. Thus 

the collection of meaningful data is entirely dependent on accurately identifying the 

boundaries of the nuclear vowel. Segmentation was based on waveform, spectrogram, 

and formant displays. As a matter of standardization, boundaries were drawn at the 

nadir of the trough of a completed waveform, closest to the point where waveform, 

formant, and spectrogram information more or less coincided. The beginning and end 

of the F2 formant were considered in defining vowel boundaries. 

In the case of words ending in an open syllable, these cues do not provide a 

consistent means of defining the end of the final vowel. In this setting, vowels display 

considerable variation in the fading out of waveforms, voice bars, and formant 

structure; some vowels exhibit strong or faint final aspiration. I thus incorporated into 

my Praat script a heuristic suggested to me by Ian Maddieson (p.c. 2004): the 

terminus of a vowel in an open final syllable is identified as the point at which 

intensity declines to a level 10 dB less than the vowel’s peak intensity (about 7/8 of 

the peak intensity). In practice, this solution turned out to select an endpoint which 

was generally consistent with the signature of the waveform, spectrogram, formant, 

and/or pitch and intensity traces. When tested on words with a closed final syllable, it 
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often selected a vowel endpoint that coincided with the actual nucleus - coda 

boundary. 

2.2.3 Coding in the data file 

All of the information described above – the non-variable information coded 

in the filename, the utterance-specific information coded in the textgrid, and the 

acoustic measurements – was sent by Praat to a separate .txt / Excel file for each 

speaker of each dialect. The final stage of data preparation was completed within 

these files, and consisted of coding the measurements and observations for categorical 

factors relevant to the analysis of stress and tone. 

The parameters for which syllables were coded are shown in Table 2.5 below. 

In this table, factor (a) provides a means of testing and controlling for the inherent 

variation of fundamental frequency and intensity as a function of vowel height 

(Lehiste 1970). Factors (b) and (c) are relevant to the analysis of vowel duration: 

clearly, it is essential to distinguish vowels in which compensatory lengthening has 

occurred from vowels which are relatively long as an expression of stress. Syllable 

closure type is also relevant to the analysis of vowel duration, since vowels are 

longest in open syllables, long in syllables closed with a voiced coda, and shortest in 

syllables closed with a voiceless coda (Peterson and Lehiste 1960; Lehiste 1970).  



40 

 

Table 2.5  Syllable properties coded 

 Factor Levels Basis for coding 

a. vowel height low, high, mid 
IPA transcription in the 
textgrid 

b. vowel length short, long, diphthong 
long vowels are cases of 
compensatory lengthening 
and nasalization 

c. closure type 
open syllable 
closed with a voiced coda 
closed with a voiceless coda 

IPA transcription in the 
textgrid 

 

Table 2.6 shows the factors which were coded at the word level, illustrating 

contrasts across the two syllables. Factors (a) and (b) are relevant to the analysis of 

fundamental frequency and intensity, while (c) is relevant to the analysis of vowel 

duration.  

Table 2.6  Word properties coded 

 Factor Levels Basis for coding 

a. vowel quality contrast 
same.vowels 
different.vowels 

IPA transcription in the 
textgrid 

b. vowel height contrast 
lower.higher 
higher.lower 
same.height 

vowel height coded for 
each syllable 

c. closure type contrast 

open.open 
closed.closed syllable closure type 

coded for each syllable  open.closed 
closed.open 

 

With coding completed, the .txt files were loaded into the “R” (2007) 

application, for statistical analysis of correlations with stress.  
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2.3 Analyzing pitch, intensity, and vowel duration data 

Since all of the words considered in this study are disyllabic, pitch, intensity, 

and vowel duration can only be either greater on σ1, greater on σ2, or about the same 

on both syllables. This σ1-σ2 syllable comparison is the foundation of all elements of 

the analysis – mathematical, graphical, and statistical. In this section I describe the 

techniques and methods I used in analyzing the acoustic data collected and in 

identifying correlations with the non-variable, variable, and categorical parameters 

described in section 2.2. 

In section 2.3.1 below, I present the conventions I adopted in an effort to 

make calculations and figures easy to interpret. In section 2.3.2 I provide detailed 

examples of the analysis of these acoustic parameters. 

2.3.1 Iconic representation in calculations and graphs 

Since both English and Tibetan are written from left to right, it is not 

unnatural to think of σ1 as occurring to the left, and σ2 as occurring to the right. As 

much as possible, I arranged calculations and graphs according to this σ1-σ2 / left-

right metaphor, with the objective of facilitating data interpretation. 

2.3.1.1 Calculating differences across syllables 

Pitch, intensity, and vowel duration are analyzed by comparing measurements 

across the two syllables of a word through simple subtraction. I always subtract the 

value measured in σ1 from the value measured in σ2. For instance, in assessing pitch 

difference across syllables I use the equation pitchσ2 – pitchσ1, rather than vice versa. 
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Thus in the Balti verb ['min.ma] ‘to give’, where the pitch on σ1 is 144 Hz and the 

pitch on σ2 is 87 Hz, I calculate the pitch difference across syllables not as (144 - 87) 

= 57 Hz, but as (87-144) = -57 Hz. The resultant difference is thus a negative number. 

There are [at least] two ways in which one can think about this negative 

number. Most obviously, the calculated difference represents the change in pitch 

across the word: pitch decreases by 57 Hz. (A positive number would thus indicate an 

increase in pitch). 

Perhaps more useful is an analogy to the conventional orientation of a number 

line. As illustrated in Figure 2.3, negative numbers are on the left side of the number 

line, and σ1 is on the left side of a word; positive numbers are on the right side of the 

number line, and σ2 is on the right side of a word.  

Figure 2.3  Syllable position and the number line 

 
Thus it is easy to remember that a negative pitch difference means that pitch is 

higher on the σ1, and a positive pitch difference means that pitch is higher on σ2. 

This same principle pertains to the analyses of intensity data. For vowel duration, a 
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negative difference indicates a longer vowel in σ1, and a positive difference indicates 

a longer vowel in σ2. 

2.3.1.2 Graphing a single parameter 

Graphs are ubiquitous in Chapters 4 and 5. One type of graph which I use 

frequently provides a direct comparison of the acoustic measurements collected from 

the two syllables of a subset of words. For example, Figure 2.4 below shows pitch 

measurements for nouns produced by Amdo speaker AR_04. (The nouns are plotted 

in terms of their morphological structure – monomorphemic vs. compound – which 

turns out not to be relevant to the distribution.) 

Figure 2.4  Graphing a single parameter: Pitch 
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In these graphs, the x-axis shows the value for σ2, and the y-axis shows the 

value for σ1. The dashed line represents all theoretical cases in which the pitch 

measured in σ1 is equal to the pitch measured in σ2. The few points which plot to the 

left of the dashed line have a higher pitch on σ1. Again, this should be easy to 

interpret, because in our writing system σ1 is to the left. All points which plot to the 

right of the dashed line have a higher pitch on σ2. 

What we see in the graphs above is that – with only a handful of exceptions – 

pitch is always higher on σ2 of AR_04 nouns. This acoustic pattern is consistent with 

my perception of σ2 stress in Rebkong Amdo nouns. In fact, in most words the 

difference in pitch across syllables is >10 Hz, as indicated by the position of the 

points with respect to the dotted “Pitch difference = 10 Hz” reference line. Given the 

consistency of the pattern and the magnitude of the difference across syllables, I 

consider pitch to be a “robust” correlate of σ2 stress. 

Note that I use the same scale for both x and y axes for isolation and frame 

forms, so the distribution in the two settings can be readily compared. 

2.3.1.3 Graphing two parameters 

Other graphs were designed to illustrate the relationship between two acoustic 

parameters. In Figure 2.5 below, for example, pitch and intensity are compared for all 

of the words analyzed for Balti speaker BSh_03. The x-axis shows the difference in 

pitch across the two syllables of each word. As described in 2.3.1.1, the equation used 

for the comparison was pitch σ2 – pitch σ1, and not vice versa. All points which fall to 

the left of the vertical “Pitch difference = 0” line – those with a negative pitch 
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difference – represent words which have a higher pitch on σ1; all words which plot to 

the right of the vertical line – with a positive pitch difference – have a higher pitch on 

σ2. It is easy to see that all the verbs have a higher pitch on σ1, and all the non-verbs 

(nouns, adjectives, and numerals) have a higher pitch on σ2. For both verbs and non-

verbs, pitch is higher on the stressed syllable, corresponding with the perceived locus 

of stress. The correlation is robust, in both cases. 
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Figure 2.5  Graphing two parameters:  Pitch difference vs. intensity difference 

 

The y-axis in this graph shows the difference in intensity across syllables: 

intensityσ2 – intensityσ1. All words which plot below the horizontal “Intensity 

difference = 0” line – those with a negative intensity difference – have a higher 

intensity on σ1; words which plot above the horizontal line – those with a positive 

intensity difference – have a higher intensity on σ2. 
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It is easy to see in this case that all verbs have a higher intensity on σ1. Thus 

there is a correlation between intensity and the σ1 stress I perceived on BSh_03 

verbs. 

The non-verbs are more or less evenly distributed below and above the 

“Intensity difference = 0” line. This shows only that intensity does not always 

correspond to the σ2 stress pattern observed in these lexical categories. Nothing more 

specific can be concluded without consideration of the intrinsic effects of vowel 

height, as described in 2.3.2.1 below. Nonetheless, this graph is extremely useful in 

showing how acoustic correlates interact to distinguish lexical categories. 

2.3.2 Analyzing the acoustic correlates 

In this section I provide examples of the analysis of pitch, intensity, and vowel 

duration. I present a few specific cases in order to illustrate the issues and 

confounding factors which arise most frequently in the analysis. My objective in 

providing such detail here is to avoid repetition in the analysis chapters which follow. 

If the reader loses track, there, of why a certain course was chosen, she can usually 

look back and find an explanation here. 

The objective of this analysis is not simply to determine whether there is a 

correlation between acoustic parameters and stress, but, more specifically, to 

determine whether there is a meaningful correlation between acoustic parameters and 

stress. If a correlation occurs as a result of other factors, that is not of real interest. 

Thus it is essential to identify and control for factors which may have an incidental 

effect on pitch, intensity, and vowel duration. The factors which come into play are 
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vowel height / vowel quality, syllable closure, compensatory lengthening, and 

position in the utterance. 

2.3.2.1 Pitch and intensity 

Analysis of pitch and intensity data began with a simple comparison of values 

across syllables, using the equations and graphs described above. In some cases this 

yielded conclusive results. For instance, Figure 2.4 above shows unequivocally that 

pitch is higher on σ2 of AR_04 nouns, and is thus a consistent correlate of the 

perceived σ2 stress. Likewise, Figure 2.5 above shows unequivocally that both pitch 

and intensity are higher on σ1 of BSh_03 verbs, and are thus consistent correlates of 

the perceived σ1 stress. (Confirmation of the statistical significance of these graphical 

patterns is described in section 2.5.1.) 

In other cases, the results at this stage were inconclusive. In Figure 2.6 below, 

about half the AR_04 nouns have a higher intensity on σ1, and about half have a 

higher intensity on σ2, for both isolation and frame forms. 
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Figure 2.6  Inconclusive intensity data 

 

All we can conclude from the pattern here is that intensity does not always 

correspond to the σ2 stress pattern observed on Amdo nouns. (This was also the case 

for BSh_03 non-verbs in Figure 2.5.) We cannot say, at this point, that intensity is 

definitively not a correlate of stress, because other factors may come into play. 

As reported by Lehiste (1970: 68, 120), both fundamental frequency and 

intensity show intrinsic variation as a function of vowel height: Fundamental 

frequency is intrinsically higher on high vowels and lower on low vowels. The 

opposite is observed for intensity: intensity is intrinsically higher on low vowels and 

lower on high vowels. When a plot of all the nouns produced by a speaker is not 

conclusive, as in Figure 2.6, the analysis can then be narrowed by controlling for 

vowel height. 
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Figure 2.7 below shows the isolation forms which were plotted in Figure 2.6, 

but here plotted in terms of the vowel height contrast across syllables, coded as 

described in Table 2.6.13 On the left side, nouns with a contrast in vowel height 

behave almost exactly as predicted following Lehiste (1970): intensity is higher on 

whichever syllable has a lower vowel. This provides no definitive information about a 

potential correlation between intensity and stress. 

Figure 2.7  Controlling intensity for vowel height 

 

On the right side of Figure 2.7, nouns with vowels of the same height in both 

syllables most often have a higher intensity on σ2. For this control group, intensity 

does, indeed, correlate with stress. If it did not – if intensity were random within this 

                                                            
13 Note that the total number of nouns plotted in Figure 2.7 is less than the number of isolation 

forms plotted in Figure 2.6. This occurs because words with a diphthong in either syllable were 
excluded from consideration when the vowel height contrast was coded. 
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subset – then the points would be evenly distributed to either side of the dashed line. 

(The statistical significance of the observed correlation is then examined using a 

paired-sample t-test, as described in section 2.5.1.2.) 

The conclusion that I draw from these patterns is that intensity shows a 

“limited” correlation with stress in AR_04 nouns produced in isolation. 

It is true that the [same.height] nouns are evidence that the speaker 

manipulates intensity to be higher on σ2, the stressed syllable. But this effect is not as 

strong as the intrinsic correlation between intensity and vowel height. Thus in the 

[lower.higher] nouns, the speaker’s efforts are obscured. (And in the [higher.lower] 

nouns they are emphasized.) The net result is that the correlation between intensity 

and stress occurs only in a limited and controlled subset of the sample. 

This net result is what I focus on when I describe intensity as a “limited” 

correlate of stress. My wording reflects my consideration of whether the listener can 

rely on intensity as an indication of the locus of stress: intensity is of limited 

usefulness in this regard. 

A different way to describe the same patterns would be to say that, yes, 

intensity is a correlate of stress, though it is sometimes over-ridden by the effects of 

intrinsic vowel height. I feel that the wording I use is more conservative. 

 

A similar approach was used in the analysis of pitch data, when appropriate. 

In some cases, such as that illustrated in Figure 2.4, any intrinsic variation in pitch as 

a function of vowel height is moot because it is never sufficient to yield a higher pitch 
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on σ1 than on σ2. In such cases I consider the correlation between pitch and stress to 

be “robust”. 

Another factor which has an incidental effect on pitch in non-verbs in 

Rebkong Amdo is whether σ2 is open or closed. In Rebkong Amdo, pitch slope is a 

robust cue for σ2 stress in the isolation forms of non-verbs, as demonstrated in 

section 5.3. When σ2 is open, the slope is borne entirely by the vowel, as is the case 

in [tsʰa.kɤ] tshwa.khu ‘salt’ shown in Figure 2.8 below. Here, the average pitch over 

the medial 50% of the vowel in σ2 is 190 Hz. This value is compared to the average 

pitch over the medial 50% of the vowel in σ1, which is 163 Hz. The pitch difference 

across syllables is calculated as 190 – 163 = 27 Hz, which is representative of what 

the listener hears. 
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Figure 2.8  Pitch in a noun with σ2 open:  [tsʰa.kɤ] tshwa.khu ‘salt’ 

 

When σ2 is closed, the pitch slope is distributed across the full rhyme, as 

shown for [ʰmãi.kʰɤŋ] sman.khang ‘hospital’ in Figure 2.9 below. The average pitch 

measured for the nuclear vowel is thus artificially elevated (200 Hz) compared to the 

average pitch over the rhyme as a whole (178 Hz). The ideal solution to this problem 

would have been to measure pitch over the rhyme, in closed syllables; as a post-hoc 

alternative, the effects of syllable closure can be controlled for by focusing analysis 

on words with σ2 open. For speaker AR_04, the contrast in pitch across syllables is 

robust regardless of syllable closure; for speaker AR_05 syllable closure is a more 

significant factor, as discussed in detail in section 5.3.2. 
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Figure 2.9  Pitch in a noun with σ2 closed:  AR_04 [ʰmãi.kʰɤŋ] sman.khang ‘hospital’ 

 

2.3.2.2 Vowel duration 

The duration of vowels is influenced by a number of factors, and – unlike 

pitch and intensity – it is never possible to derive meaningful results for a group of 

words as a whole without taking these factors into consideration from the start. 

Most important: in isolation forms of non-verbs – which are stressed on σ2 – 

the vowel in σ2 is subject to lengthening simply on the basis of being the final 

syllable in the utterance. There is thus no possible way to distinguish between 

lengthening which is associated with final position, and lengthening which is 

associated with stress. This means that vowel duration cannot be assessed at all in the 

isolation forms of nouns, adjectives, and numerals. 
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Second, the role of vowel duration as a correlate of stress cannot be 

determined if comparisons are confounded by compensatory lengthening or by the 

presence of diphthongs in one syllable or the other. To obtain meaningful results, 

words influenced by these factors must be excluded from consideration. 

Vowel duration is also influenced by properties of the vowels themselves and 

of the syllables in which they occur. Lehiste (1970: 18ff) summarizes several studies 

demonstrating that vowel duration varies as a function of vowel height (low vowels 

tend to be longer than high vowels) and as a function of the voicing of a following 

coda (vowels tend to be longer before a voiced consonant than before a voiced 

consonant – this factor is never relevant in the present study). In addition, vowels tend 

to be longer in open syllables than in closed syllables. A contrast in any of these 

features across syllables may have a strong influence on relative vowel duration. 

Tibetan is certainly vulnerable to such effects since, in so many words, the second 

syllable is open and has [a] as its nucleus, while the first syllable may vary widely in 

both respects. 

The most effective way to eliminate these incidental factors is to focus on a 

subset of nouns which is controlled for vowel quality and for syllable closure type 

(according to the coding parameters listed in Table 2.6), and to take into 

consideration the setting (isolation vs. frame) as well. 

The case of verbs in Balti illustrates some of these issues. As shown in Figure 

2.10 below, for both isolation and frame forms produced by speaker BSh_03, it 

appears that the vowel is longer in σ1 for about half the verbs, and longer in σ2 for 
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the other half. This suggests that there is no correlation between vowel duration and 

the perceived σ1 stress pattern. 

Figure 2.10  Inconclusive vowel duration data (circles indicate compensatory 
lengthening on σ1) 

 

In fact, though, BSh_03 verbs do show a correlation between vowel duration 

and stress placement (that is, the isolation forms do), but this is obscured by some of 

the factors discussed above. First, we can exclude from further consideration the lone 

verb with a Noun+Verbalizer structure ([za:n.za] zan.za ‘to eat food’. With only one 

example, no conclusions can be formed about this morphological group, and it clearly 

behaves differently than the citation forms of verbs: the vowel in σ1 is unusually 

long. 
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Since the citation forms always have [-pa] as the second syllable, any intrinsic 

variation in duration as a function of vowel quality / vowel height can be controlled 

for by focusing only on words which also have [a] in the first syllable, such as 

['blaq.pa] ’breg.pa ‘to shave’ and [ᵊʁzar.pa] ’dzar.ba / gzar.ba / bzar.ba ? ‘to drip’. 

The isolation forms of such [a.a] verbs are plotted in Figure 2.11 below, coded for 

syllable closure types. The graph on the right has no points at all, because there are no 

[a.a] verbs with the same closure type in both syllables. In the graph on the left there 

are no [open.closed] forms. (Tautologically, as the citation forms all end in [-pa].) 

Figure 2.11  Controlling for vowel quality and syllable closure type 

 

Since all fourteen of the [a.a] verbs have a [closed.open] syllable structure, 

there are two factors which favor a longer vowel in σ2, and which would lead us to 
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expect these verbs to plot to the right of the dashed line. First, vowels are generally 

longer in open syllables than in closed syllables. Second, in isolation, the vowel in σ2 

is in utterance-final position and likely to be lengthened on that basis, as well. 

Instead, though, nearly all of the [a.a] verbs plot to the left of the dashed line, 

indicating that the vowel is longer on σ1. The most plausible explanation for this is 

that vowel duration is preferentially lengthened on this stressed syllable. 

What we can conclude here is that vowel duration for isolation forms of 

BSh_03 verbs shows a “limited” correlation with σ1 stress. Vowel duration cannot be 

considered a robust or exceptionless cue for stress here, since the pattern is only 

evident when it is not obscured by other factors, such as a contrast in vowel quality 

across syllables. 

 

The analyses of vowel duration data for Balti (Chapter 4) and Rebkong Amdo 

(Chapter 5) take into consideration the factors discussed here: setting (isolation vs. 

frame), position in the utterance, syllable closure, and vowel quality / vowel height. 

Once these features are controlled for, vowel duration can also be assessed by 

calculating the ratio of measurements across syllables. This is discussed further in 

section 2.5.2.3. 

2.4 Analyzing pitch slope data 

Pitch slope differs from the other acoustic parameters in several respects. The 

core difference is that pitch slope is not a scalar quantity, but is instead a vector with 
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direction as well as magnitude. That is, pitch may slope either upward or downward, 

and the slope may be gentle or steep. As a result, a different graphing protocol is 

necessary – which unfortunately is a little more difficult to interpret. 

As described in section 2.2.2 above, the pitch slope in a vowel is determined 

by subtracting the pitch measured at the start of an interval from the pitch measured at 

the end of the interval, and then dividing by the elapsed time. This yields a slope (Δy/ 

Δx) in units of Hz/sec – i.e., Hz/1000msec. Dividing this value by 10 converts the 

result to units of Hz/100msec. This is conceptually a more useful measure, since 100 

msec is a reasonable duration for a vowel in natural speech. 

An example from Rebkong Amdo – where pitch slope is a robust correlate of 

σ2 stress – is the word [ʰᵊɮɔː̃.ma] glang.ma ‘alpine willow tree’, illustrated in Figure 

2.12 below. In σ1, pitch slope was measured as 4.73 Hz/100msec, which is a very 

gentle upward slope. (Since the actual duration of the vowel is 168 msec, the total 

increase in pitch over the span of the vowel is 8 Hz.) For σ2, pitch slope was 

measured as -40 Hz/100msec, a steep downward slope. (With a duration of 141 msec, 

the total change in pitch over the span of the vowel is -56 Hz.) 
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Figure 2.12  Pitch slope / σ1 upward, σ2 downward: AR_04 [ʰᵊɮɔː̃.ma] glang.ma ‘alpine 
willow tree’ 

 

In this case, pitch in σ1 slopes upward, while pitch in σ2 slopes downward. Of 

course, there are other possibilities: downward in σ1 and upward in σ2, or downward 

in both syllables. Theoretically, pitch could slope upward in both syllables, but there 

are no such cases in Rebkong Amdo – for either speaker, in any lexical category – 

and only a few such cases in Balti, with very gentle upward slopes – so gentle that the 

slope is nearly flat. 

Note that in discussing pitch slope I avoid terminology which is commonly 

used to describe contour tones. First of all, Balti and Rebkong Amdo Tibetan are not 

tone languages, so terms like “rising” pitch or “falling” pitch could be confusing. 

Instead, I say that “pitch slopes upward” or “pitch slopes downward”. Second, rising 
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and falling tones in tone languages are not usually quantified. Here, by using the term 

“slope” – with its mathematical connotation – rather than a term like “contour”, I 

emphasize that pitch slope measurements quantify the rate of change in pitch. 

2.4.1 Calculating differences in pitch slope across syllables 

As with pitch, intensity, and vowel duration, the contrast in pitch slope across 

syllables is calculated by subtracting the measurement in σ1 from the measurement in 

σ2. In the case of the isolation form of [ʰᵊɮɔː̃.ma] glang.ma ‘alpine willow tree’ as 

produced by speaker AR_04 – whose pitch trace was shown above – the difference in 

slope is (-40 Hz/100msec) – (4.73 Hz/100msec) = -44.73 Hz/100msec, rounded to -45 

Hz/100msec. This relationship is illustrated graphically in Figure 2.13 below. 

Figure 2.13  Pitch slope values across a disyllabic word 
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Whenever the difference in pitch slopes is a negative number – as is the case 

here – the relationship between slopes can be described by saying that the vector 

representing σ2 is “below” the vector representing σ1. Or we can say that the slope in 

σ2 is “more downward” than the slope in σ1. Crucially, a negative difference in pitch 

slope values thus means that slope is more prominent in σ2. (Note that this is exactly 

the opposite of how pitch, intensity, and vowel duration data was interpreted; there, a 

negative difference meant that the parameter was more prominent in σ1.) 

Such a relationship between vectors does not always require an upward slope 

in σ1. For instance, in [xtax.tɕɤχ] rta.lcag ‘horse whip’, shown below, pitch slopes 

downward in both syllables – in σ1 at -14 Hz/100msec, and in σ2 at -56 Hz/100msec 

(which is very steep, and very noticeable). The difference in pitch slopes is (-56) –    

(-14) = -42 Hz/100msec. 
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Figure 2.14  Pitch slope / σ1 downward, σ2 more downward: AR_04 [xtax.tɕɤχ] rta.lcag 
‘horse whip’ 

 

We can again say here that the vector representing σ2 is “below” the vector 

representing σ1, or that pitch slopes “downward more steeply” in σ2 than in σ1. This 

relationship is illustrated graphically in Figure 2.15 below. 
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Figure 2.15  Pitch slope values for [xtax.tɕɤχ] rta.lcag ‘horse whip’ 

 

Cases like the two shown above – where pitch slope is “more downward” in 

σ2 than in σ1 – are the most common types in my data. In a small number of words, 

pitch slope is “more downward” in σ1 than in σ2. These differences are usually small, 

as we see in the pitch trace for [xkɤ.pa] skud.pa ‘thread’ shown Figure 2.16 below. 

Here, slope was measured as -39 Hz/100msec in σ1, and -28 Hz/100msec in σ2, for a 

difference of (-28) – (-39) = 11 Hz/100msec. 
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Figure 2.16  Pitch slope / σ1 more downward, σ2 downward: AR_04 [xkɤ.pa] skud.pa 
‘thread’ 

 

This positive difference in pitch slope can be described by saying that the 

vector representing σ2 is “above” the vector representing σ1, or by saying that pitch 

slope is “more downward” in σ1 than in σ2. 
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Figure 2.17  Pitch slope values for [xkɤ.pa] skud.pa ‘thread’ 

 

2.4.2 Graphing pitch slope alone 

Because pitch slope is a vector – with direction as well as magnitude – when 

the measurements are plotted, the resultant graphs are more complex than those for 

the scalar entities pitch, intensity, and vowel duration. 

As an example, pitch slope measurements for the isolation forms of nouns 

produced by speaker AR_04 are shown in Figure 2.18 below. In the distribution plot 

on the left, measurements for σ2 are represented on the x-axis, and measurements for 

σ1 are represented on the y-axis; this was also the protocol for pitch, intensity, and 

vowel duration. What is different here – compared to the graph of pitch data in Figure 

2.4, for instance – is that both negative and positive values need to be shown for both 
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syllables (for downward and upward slopes, respectively), and so the graph includes 

the origin, (0,0). 

Figure 2.18  Graphing pitch slope measurements 

 

The x- and y-axes divide the graph into four quadrants which represent 

different relationships between pitch slopes in σ1 and σ2. These are shown 

schematically in the graph on the left in Figure 2.19 below. All points falling above 

the x-axis have an upward slope in σ1; all points falling below the x-axis have a 

downward slope in σ1. All points falling to the left of the y-axis have an upward 

slope in σ2; all points falling to the right of the y-axis have a downward slope in σ2. 

Nearly all of the AR_04 isolation forms of nouns plotted in Figure 2.18 above fall in 

quadrants (b) and (c). That is, in σ1 pitch sometimes slopes upward and sometimes 

slopes downward; in σ2, pitch always slopes downward (with one exception). These 
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patterns are reflected in the box-and-whisker plot on the right in Figure 2.18. The 

AR_04 noun [ʰᵊɮɔː̃.ma] glang.ma ‘alpine willow tree’ – shown in Figure 2.12 and 

Figure 2.13 – plots in quadrant (b), at (σ2, σ1) coordinates (-40, 4.73). 

Figure 2.19  Pitch slope relationships 

 

In the graph on the right in Figure 2.19 above, the diagonal line represents all 

theoretical cases in which the slopes in σ1 and σ2 are equal. This includes cases in 

which pitch slopes downward in both syllables – i.e., words that would fall in 

quadrant (c) – and cases in which pitch slopes upward in both syllables – i.e., words 

that would fall in quadrant (a). In words that plot to the right of the diagonal line, the 

difference in pitch slope across syllables is negative, meaning that pitch slope is 

“more downward” in σ2 – i.e., the vector representing σ2 lies below the vector 
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representing σ1. In words that plot to the left of the diagonal line, the difference in 

pitch slope across syllables is positive, meaning that pitch is slope is “more 

downward” in σ1 – i.e., the vector representing σ2 lies above the vector representing 

σ1. 

As noted, in Figure 2.18 nearly all of the AR_04 nouns fall in quadrants (b) 

and (c). Within quadrant (c), nearly all points fall to the right of the dashed line. A 

closer look at this quadrant is provided in Figure 2.20 below. Pitch slopes downward 

on both syllables of words which plot in this quadrant; but points which fall to the 

right of the dashed line represent words in which pitch slope is more downward in σ2 

– i.e., the vector representing σ2 lies below that representing σ1. This was the case for 

the noun [xtax.tɕɤχ] rta.lcag ‘horse whip’, shown in Figure 2.14 and Figure 2.15; the 

(σ2, σ1) coordinates of this word are (-56, -14). The noun [xkɤ.pa] skud.pa ‘thread’ – 

shown in Figure 2.16 and Figure 2.17 – also plots in quadrant (c), but falls to the left 

of the dashed line, at coordinates (-28, -39). In this case, pitch slopes downward more 

steeply in σ1 than in σ2 – i.e., the vector representing σ2 lies above that representing 

σ1. 
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Figure 2.20  Pitch slope relationships in quadrant (c) 

 

In summary, the graph in Figure 2.18 tells us that, in σ1, pitch sometimes 

slopes upward and sometimes slopes downward; in σ2, pitch always slopes 

downward (with one exception); and pitch slope is almost always “more downward” 

(i.e., more prominent) in σ2 than in σ1. 
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2.4.3 Graphing pitch and pitch slope together 

Pitch and pitch slope can be regarded as two reflexes of one acoustic resource 

– fundamental frequency. In the non-verbs, pitch and pitch slope sometimes reinforce 

one another as cues for stress, and sometimes complement one another. In verbs, the 

contrast in pitch across syllables obscures any potential contrast in pitch slope across 

syllables. (This situation is discussed in section 2.5.3.) 

In Figure 2.21 below, pitch and pitch slope are plotted for nouns produced by 

speaker AR_04. The x-axis shows the difference in pitch across the two syllables of 

each word, calculated as pitch σ2 – pitch σ1. The one or two nouns which plot to the 

left of the vertical “Pitch difference = 0” line have a higher pitch on σ1; all the rest 

plot to the right of the line, with a higher pitch on σ2, the stressed syllable. (Compare 

to Figure 2.4 – the vertical line here corresponds to the diagonal line there.)  
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Figure 2.21  Graphing pitch difference vs. pitch slope difference: AR_04 nouns 

 

The y-axis in the graphs shows the difference in pitch slope across syllables: 

slopeσ2 – slopeσ1. In words which plot below the horizontal “Pitch slope difference = 

0” line – those with a negative slope difference – pitch slope is “more downward” in 

σ2 than in σ1. (These are the points which fall to the right of the dashed line shown in 

Figure 2.18, Figure 2.19, and Figure 2.20.) In words which plot above the horizontal 

line, pitch slope is “more downward” in σ1 than in σ2. 

Most nouns in Figure 2.21 plot in the lower right quadrant, where both pitch 

and pitch slope are more prominent in σ2, the stressed syllable. For these words, the 

two reflexes of fundamental frequency reinforce one another as acoustic correlates of 

stress. A minority of nouns plot above the x-axis; here, it does not matter that pitch 

slope does not correlate with stress, because pitch itself does. Note that there are no 
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points in the upper left quadrant of the graph; these would be cases in which neither 

pitch nor pitch slope was more prominent in σ2, the stressed syllable. 

A different situation is illustrated by the graph of pitch differences and pitch 

slope differences for nouns produced by speaker AR_05, in Figure 2.22 below. The 

isolation forms are of particular interest. Nouns with σ2 open form a cluster 

approximately centered on the y-axis, the vertical “Pitch difference = 0” line. This 

means that pitch is not a consistent and reliable cue for σ2 stress. (If it were, points 

would fall well to the right.) However, in these words pitch slope is always more 

prominent in σ2, with points falling well below the horizontal “Pitch slope difference 

= 0” line. Thus for this group, pitch slope is the reflex of fundamental frequency 

which is manipulated to convey stress. 

Figure 2.22  Graphing pitch difference vs. pitch slope difference: AR_05 nouns 
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2.5 The notion of significance 

As noted above, the objective of this analysis is to determine whether there is 

a meaningful correlation between acoustic patterns and perceived stress. One aspect 

of being “meaningful” is that an observed correlation must be attributable to the 

speaker’s [unconscious] manipulation of the acoustic property in order to convey 

stress. That is, factors which contribute to an incidental correlation between an 

acoustic property and stress – factors such as vowel height / vowel quality, syllable 

closure, position in the utterance, and compensatory lengthening – must be identified 

and controlled for. This was addressed in sections 2.3 and 2.4 above. 

The second aspect of being “meaningful” is that the contrast across syllables 

must be significant. In sections 2.5.1, 2.5.2, and 2.5.3 below, I discuss statistical, 

perceptual, and contextual significance, respectively. 

2.5.1 Statistical significance 

In the course of this study, I used only three simple graphical and 

mathematical tests to determine whether correlations between acoustic patterns and 

stress patterns were statistically significant. 

Box-and-whisker plots provide a graphical means of interpreting the 

distribution of measurements; these are discussed in section 2.5.1.1. Paired-sample t-

tests – discussed in section 2.5.1.2 – provide a more accurate assessment of the 

difference in, say, pitch across syllables for Balti nouns. Finally, in section 2.5.1.3 I 
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discuss the Welch t-test, which I used only to demonstrate that verbs produced by 

speaker BM_01 differ significantly by morphological structure. 

2.5.1.1 Interpreting box-and-whisker plots 

Box-and-whisker plots are helpful in illustrating the distribution of data. As an 

example, pitch measurements for the isolation forms of BSh_03 nouns are illustrated 

in Figure 2.23 below. In the distribution plot, all points fall to the right of the dashed 

line, indicating that pitch is higher in σ2. The same data is shown in the box-and-

whisker plot at right. 

Figure 2.23  Boxplot illustrating distribution of pitch measurements 

 

For each syllable, the thick horizontal line at the waist represents the median 

value. (The median provides a more useful measure of central tendency here than the 
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mean, because it is less vulnerable to the effects of one or a few high or low 

observations.) 

The length of the box itself corresponds to the interquartile range (IQR), the 

range within which 50% of the measured pitch values are clustered. As described in 

the R documentation for “Box Plot Statistics” 14, the boundaries of the lower and 

upper “hinges” generally correspond to the first and third quartiles – i.e., 25% of the 

measurements fall within the lower hinge, and 25% of the measurements fall within 

the upper hinge. (The hinges of the box need not be symmetrical; one hinge could be 

quite narrow, if the 25% of the measurements it represents falls within a tight range.) 

The “whiskers” which sprout from the bottom and top of the box extend, respectively, 

to the smallest / largest measurements which are within a distance of (1.5 x IQR) 

from the lower / upper edge of the box. Outliers – if any – are points which lie 

beyond this range; they are indicated by open circles. If there are no outliers, then the 

span of the whiskers corresponds to the complete range of measurements. 

The notches in the plot correspond roughly to the 95% confidence interval 

about the median.15 For the 77 BSh_03 nouns above, the median calculated for σ1 is 

108 Hz. If we were to repeatedly record groups of nouns from this speaker, measure 

the pitch on the first syllable of each noun, and then repeatedly calculate the median 

of each group of nouns we record, there is a 95% probability that these median values 

would fall within the range defined by the notch about 108 Hz we see here. (It 

                                                            
14 http://www.r-project.org/; R Development Core Team (2007) 
15 For detailed calculations see the R documentation for “Box Plot Statistics”, http://www.r-

project.org/ 
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sometimes happens that the 95% confidence interval exceeds the 25th or 75th 

percentile, in which case the notch will appear to be “folded”. Examples of this will 

be seen in Chapters 4 and 5.) 

Comparing notches is essentially a graphical analysis of variance, providing a 

good indication of whether two [or more] medians can be considered statistically 

different. When there is no overlap of notches, as is the case in Figure 2.23, the null 

hypothesis (that the two medians are statistically the same, representing different 

random samples from one common population) is rejected. That is, in this situation, 

the medians are deemed statistically different. Specifically, here we conclude (with 

95% confidence) that there is a significant difference between the median pitch of σ1 

(108 Hz) and the median pitch of σ2 (132 Hz). 

It is important to bear in mind that these box-and-whisker plots represent the 

distribution of values as if each syllable were independent of the other. Of course, this 

is not the case, since we are analyzing the properties of disyllabic words. Rather, each 

σ1 value corresponds to one particular σ2 value. Thus the graphical comparison of 

medians and 95% confidence intervals does not capture the entire story. In fact, for all 

we can tell from this plot, the highest pitch value measured on σ1 – the outlier at 135 

Hz – might correspond to the lowest pitch value measured on σ2 – the bottom of the 

whisker, at 110 Hz. That would suggest the existence of a particular noun whose pitch 

was higher in σ1 than in σ2, by 25 Hz. In fact, there is no such noun; pitch is always 

higher in σ2, as we already know from the distribution plot at left in Figure 2.23. 
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Thus in some respects the box-and-whisker plot provides more detailed 

information than the distribution plot, but in other respects it provides less. We can 

clearly see here that pitch values measured in σ1 of BSh_03 nouns fall within a 

narrower range than do pitch values measured in σ2, and we can tell at a glance that 

the difference between median values for the two syllables is statistically significant. 

But we have no information about the pattern of contrasts in pitch across syllables in 

individual words. 

In some cases, this does not really matter. For instance, in the box-and-

whisker plot at left in Figure 2.24 below, there is no overlap at all in the ranges of 

pitch measurements in σ1 and σ2 of BSh_03 numerals. Since the distribution of 

measurements in the two syllables (considered independently) is so dramatically 

different, the paired values across syllables of individual words must also necessarily 

be different. No matter how measurements are paired up across syllables, pitch will 

always be higher in σ2 than in σ1. At right, though, the distributions of pitch 

measurements in σ1 and σ2 of BSh_03 adjectives are not so distinct. The boxes – 

representing the interquartile range – and the notches – representing the 95% 

confidence interval about the median – both show considerable overlap. The 

relationship between pitch across syllables in individual words might show a number 

of patterns: higher-lower, lower-higher, or equal pitch. 
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Figure 2.24  Boxplots without and with overlap 

 

 



80 

 

In fact, though, for adjectives as well as for numerals, pitch is always higher 

in σ2 – the stressed syllable – as illustrated in the distribution plots in the bottom part 

of Figure 2.24. The mean difference in pitch across syllables is 21 Hz for numerals, 

and 18 Hz for adjectives. The difference between the two lexical categories lies in the 

distribution of measurements; the greater range in values for both syllables of 

adjectives is illustrated by the box-and-whisker plot. 

Thus when a box-and-whisker plot shows a clear difference across syllables, 

there really is a difference across syllables. But when a box-and-whisker plot does not 

show a difference across syllables, there still may be a difference. In these cases, a 

paired-sample t-test offers a more appropriate and more powerful means of 

examining potential correlations between acoustic patterns and perceived stress 

patterns. 

2.5.1.2 Paired-sample t-tests 

A t-test is used to compare two samples, evaluating them in terms of the 

default assumption, or “null hypothesis”. The null hypothesis states that the two 

samples are drawn from one common larger population and that there is no 

significant difference between their mean values; any apparent difference between the 

means simply reflects the randomness of the tokens selected from that larger pool. 

The null hypothesis is either accepted – meaning that the mean values are essentially 

the same – or it is rejected – meaning that the mean values are significantly different, 

and in fact represent samples from different populations. 
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Here, of course, the two samples are the acoustic measurements collected 

from the two syllables of the words in the data set. In this study, the more rigorous 

paired-sample t-test is appropriate; this test matches corresponding measurements 

from σ1 and σ2 of each individual word, calculates the difference in pitch (or pitch 

slope, or intensity, or vowel duration) for each word, and then determines whether the 

mean difference for the entire sample of words defines a statistically significant 

pattern. 

As an example, the results of paired-sample t-tests for pitch measurements 

from BSh_03 numerals and adjectives are summarized in Table 2.7 below. The 

crucial test statistic is the p-value. For both lexical categories, p < 0.05. This means 

that the null hypothesis – that there is no difference in pitch across syllables – must be 

rejected. More precisely, the p-value indicates that there is a less than 5% probability 

that the mean pitch difference obtained could occur if there were no difference across 

syllables – if the pitch measurements on σ1 and σ2 simply represented the random 

variation which occurs within a single, normal population. For numerals, the 

probability of obtaining a mean difference of 21 Hz across syllables in our sample if 

there really were no difference at all in the larger population of BSh_03 numerals is 

only 3.287 x 10-7 to 1 – a very unlikely occurrence indeed. 
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Table 2.7  BSh_03 / Isolation / Pitch data: results of paired-sample t-tests (two-tailed) 

Speaker Lex Cat t DF p-value 
Mean 

diff (Hz) 
95 % conf. limits 
lower upper 

BSh_03 
numerals 15.3106 8 3.287e-07 21 18 24

adjectives 7.7709 7 0.0001097 18 12 23 

 

The 95% confidence limits shown in the table above indicate that, if we 

repeatedly recorded samples of disyllabic numerals from speaker BSh_03 and 

calculated the mean difference in pitch across syllables, there is a 95% probability 

that the mean pitch difference for each sample would fall between 18 and 24 Hz for 

numerals, and between 12 and 23 Hz for adjectives. (The 95% confidence interval for 

adjectives is broader – and the p-value larger – because pitch showed greater 

variability, as discussed above.) 

These paired-sample t-tests show that pitch is higher in σ2, and that the 

difference in pitch across syllables is statistically significant. Since both numerals and 

adjectives are stressed on σ2, this indicates a correlation between pitch and stress. 

2.5.1.3 Welch t-tests 

There is one instance in the analysis in which I use a Welch t-test to compare 

pitch measurements and intensity measurements in verbs of different morphological 

compositions. (See section 4.2.2.3.) As explained above, a t-test is a means of 

comparing two samples to determine if they represent variation within one common 

larger population, or if they represent two distinct populations. Here, the test is used 

to determine whether the two verbs types have the same acoustic patterns, or not. 
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There is no sense in which the measurements are paired, as described above, so the 

Welch test is the appropriate choice here. 

The interpretation of these test results is similar to that described above for 

paired-sample t-tests. 

2.5.2 Perceptual significance 

In order to show that pitch, pitch slope, intensity, or vowel duration function 

as correlates of stress, a demonstration that a contrast across syllables is statistically 

significant – as discussed above – is a necessary but not sufficient condition. The 

contrast across syllables must also be perceptually significant. 

For example, in nouns produced in isolation by speaker AR_05, the intrinsic 

correlation between intensity and vowel height can be controlled for by focusing on 

the subset of nouns with vowels of the same height in both syllables. As shown in 

Table 2.8 below, a paired-sample t-test confirms that the contrast in intensity across 

syllables for this [same.height] control group is statistically significant, with a p-value 

<< 0.05. 

Table 2.8  AR_05 / Nouns / Isolation:  Intensity by vowel height contrast:  Paired-
sample t-tests (two-tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher 1.442 31 0.1593 0.72 -0.30 1.7

same height 4.529 31 8.243e-05 1.8 1.0 2.6

higher.lower 5.144 23 3.266e-05 2.4 1.4 3.4
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For this subset of 32 nouns, intensity on σ2 is, on average, 1.8 dB greater than 

intensity on σ1, indicating a correlation with σ2 stress. However, the lower 95% 

confidence limit means that, if one were to repeat the analysis with other samples of 

nouns recorded from this speaker, an intensity contrast deemed to be statistically 

significant might be as small as 1.0 dB. 

The problem is that Lehiste (1970) has identified 1 dB as the difference limen 

(or “just-noticeable difference”) for intensity. Thus a mean intensity contrast which is 

statistically significant may be just at the threshold of perceptibility. If a listener can 

barely perceive the difference, can it be considered an effective means of conveying 

stress? I do not believe it can be. Furthermore, since 1.0 dB is a possible mean 

intensity difference, such a value entails that some of the intensity contrasts across 

syllables in other tokens in this hypothetical sample must be less than 1.0 dB – that is, 

less than what a listener can detect. 

I thus consider perceptual significance to be crucial to the identification of 

meaningful acoustic correlates of stress. But establishing standards for perceptual 

significance is a tricky matter. Where difference limens have been determined 

through experimental phonetics, these can be considered a lower boundary of 

perceptibility. Beyond this, to say that a contrast across syllables is “weak” or 

“strong” is somewhat arbitrary. And for pitch slope, where experimental results are 

not available, I can rely only on my own perceptions of what is highly noticeable and 

what is not. 
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In sections 2.5.2.1 through 2.5.2.3 below, I discuss levels of perceptual 

significance for pitch, intensity, vowel duration, and pitch slope, respectively. 

2.5.2.1 Perceptual significance for pitch 

Lehiste (1970: 62-67) and Laver (1994: 451) cite a number of experimental 

studies designed to identify the minimal contrast in fundamental frequency / pitch that 

can be perceived by a listener. This just-noticeable difference, or difference limen, 

varies as a function of stimulus frequency (i.e., at low frequencies a small difference 

is noticeable; at high frequencies the difference must be larger to be noticeable), 

loudness, vowel duration, the listener’s experience and expectations, and other 

factors. For frequencies within the range of a typical male voice (i.e., 80 Hz to 160 

Hz), the discriminable difference was found to be on the order of ± 1 Hz. (Any 

difference smaller than that is sub-liminal.) 

These experimental findings are directly relevant to the present study. If, for a 

set of words, the difference in pitch across syllables is found to be statistically 

significant but averages only ~ 1 Hz, then we would not consider this difference to be 

perceptually significant. Thus it would not constitute a meaningful correlate of stress. 

In fact, such a small difference would be subliminal – i.e., not even perceptible. 

So, what if a statistically significant difference in pitch across syllables is, say, 

3 Hz? What then? Such a difference is perceptible; but is it “perceptually 

significant”? Lehiste (1970: 79-80) refers to experimental studies in which listeners 

were able to discriminate tones in synthesized Thai words when the difference in 
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fundamental frequency of the tones was on the order of ± 5 Hz. (This was for 

frequency ranges of 120 to 150 Hz – i.e., within the range of the male voice). 

Extrapolating from this study, for better or for worse I make the assumption 

that what is a meaningful difference for Thai tone is also a meaningful difference for 

Tibetan stress. That is, if a difference in pitch across syllables is statistically 

significant and is ~ 5 Hz, then I consider it to be perceptually significant. (So I would 

not consider the hypothetical 3 Hz difference questioned above to be perceptually 

significant, even though it is perceptible.) Still, I consider a statistically significant 

mean difference of 5 Hz to be only a “weak” and “unreliable” cue for stress; a mean 

pitch difference of 5 Hz entails that the sample includes a number of words with a 

pitch difference < 5 Hz, which is not perceptually significant. 

When a statistically significant mean pitch difference across syllables is ~ 10 

Hz, I call it a correlate of stress, usually without further qualification; a difference of 

~ 20 Hz is a “strong” or “robust” correlate; a difference of ~ 40 Hz is a “dramatic” 

correlate. 

When I refer to an acoustic parameter as a “reliable cue” for stress, I mean 

that the correlation between the acoustic pattern and the stress pattern is clear and 

consistent: e.g., a contrast in pitch across syllables is “robust”, and occurs in all 

tokens in the sample with very few exceptions. If a listener attended only to this one 

acoustic parameter, she would be able to readily identify the locus of stress. 
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While these terms and boundaries are somewhat arbitrary, they are 

nonetheless of some descriptive and comparative value within the confines of this 

study. 

2.5.2.2 Perceptual significance for intensity 

The just-noticeable difference for intensity has been identified as ± ~ 1 dB, 

based on experiments conducted with synthesized vowels cited by Lehiste (1970: 

115-116). In these studies, intensity was found to vary as a function of the intensity of 

the stimulus sound in the experiment, and also as a function of frequency. The 

difference limen of ± 1.0 dB corresponds to frequency levels and intensity levels 

relevant to natural speech. 

Intensity also shows considerable variation as a function of vowel quality, as 

discussed in section 2.3.2.1. Controlling for this factor by comparing like vowels, 

Lehiste (1970: 121) measured an intensity difference of ~ 2 dB in a word-pair (in 

actual human speech) where the contrast was known to be perceptually significant. 

Based on this, if a mean difference in intensity across syllables is statistically 

significant and is ~ 2 dB, then I consider it to be perceptually significant. However, I 

again consider such a mean difference to represent only a “weak” and “unreliable” 

correlate of stress, since the sample must necessarily include a number of words with 

an intensity contrast smaller than the mean – i.e., below the threshold for perceptual 

significance. 

In Table 2.8 (page 83), we saw a subset of [same.height] nouns with a mean 

intensity difference of 1.8 dB and a lower 95% confidence interval of 1.0 dB. Even 
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though these differences are statistically significant (p << 0.05), I do not consider 

them to signal a meaningful correlation with stress, given the threshold values of ~ 1 

dB for perceptibility and ~ 2 dB for perceptual significance.  

Since intensity values are on a logarithmic scale, the interpretation of 

measurements is not fully intuitive. Laver (1994: 502) points out that, in terms of 

speech production, “a doubling of intensity corresponds to a difference of 3 dB”, and 

refers to other scholars whose work demonstrates that, in terms of speech perception, 

“a doubling of loudness … corresponds to a rise in sound-level of approximately 10 

dB”. 

In this study, I consider a statistically significant mean difference in intensity 

of 5 dB to be “strong” or “robust”; a mean difference of 10 dB is “dramatic”. These 

are the kinds of differences observed in Balti verbs. 

2.5.2.3 Perceptual significance for vowel duration 

For vowel duration, too, Lehiste (1970: 10-13) summarizes the findings of 

experimental studies designed to determine the minimal contrast that can be 

perceived by a listener. As was the case with pitch and intensity, the difference limen 

varies with the stimulus; i.e., if the stimulus is short, a small change will be 

noticeable; if the stimulus is long, a difference must be longer to be noticeable. As 

Lehiste summarizes, “…in the range of durations of speech sounds – usually from 30 

to about 300 msec – the just-noticeable differences in duration are between 10 and 40 

msec” (ibid, p.13). 
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In this study, for both Balti speakers, nearly all vowels were between 50 and 

200 msec in duration. For both Amdo speakers, nearly all vowels were between 30 

and 200 msec in duration. Following Lehiste, the just-noticeable difference in 

duration for this range is probably about 10 to 30 msec – smaller for shorter vowels, 

and larger for longer vowels. In any event, a duration contrast must be larger than 10 

msec in order to be perceptible. 

But at what point can we consider a perceptible duration contrast to be 

“perceptually significant”? Lehiste suggests considering the ratio of duration 

measurements, rather than absolute values (1970: 11), and refers to experimental 

studies in which listeners were able to discriminate between [stressed] phonemically 

short and phonemically long vowels when the V/V: ratio was close to 50%, though 

with considerable variation from one language to another (1970: 33-34). Again, for 

better or for worse, I extrapolate from these studies and make the assumption that 

what is meaningful in distinguishing phonemic vowel length is also meaningful in 

distinguishing vowel length in unstressed vs. stressed syllables. 

As demonstrated in Chapters 4 and 5, it is only in the case of verbs produced 

by speaker BM_01 that vowel duration seems to show a clear correlation with stress. 

Here, the duration ratio of unstressed : stressed syllables indeed comes close to 0.50.  

2.5.2.4 Perceptual significance for pitch slope 

So far as I know, there have been no previous studies quantifying pitch slope 

as an acoustic correlate of stress. Thus there are neither experimental nor heuristic 
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guidelines to help anticipate what order of pitch slope or pitch slope contrast might be 

perceptible or perceptually significant. 

What I can say with certainty is that, for all of the Rebkong Amdo speakers I 

worked with – in Xining, in Rebkong, and in Kathmandu – the dramatic fall in pitch 

on the second syllable of nouns produced in isolation was an immediately striking 

and highly perceptible cue for stress. As noted in Chapter 1, for Ndzorge Amdo 

Tibetan, too, Sun (1986: 58) observed that the perceptual cues for σ2 stress were 

“stronger articulatory force and a high-falling tune on the stressed syllable…”. 

Based on my work here, it seems that a pitch slope of ~ -15 Hz/100msec – or 

a pitch slope difference across syllables of ~ 10 Hz/100msec – is perceptually 

significant. 

Median pitch slopes and pitch slope differences for nouns produced in 

isolation by speakers AR_04 and AR_05 are summarized in Table 2.9 below. The 

slopes produced by speaker AR_05 are the less steep of the two. Since I know from 

my own listening that such slopes are quite prominent, these values are helpful in 

defining the limits of perceptual significance. Thus I can be sure that a slope of at 

least ~ -20 Hz/100msec is perceptually significant. 

Table 2.9  Perceptually significant pitch slopes: Rebkong Amdo nouns / isolation 

Speaker n 
σ1 median 

(Hz/100msec) 
σ2 median 

(Hz/100msec) 
Difference 
(σ2 – σ1) 

AR_04 93 -4 -33 -30 

AR_05 94 -1 -21 -21 
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In fact, a consideration of the distribution of pitch slope measurements for 

AR_05 nouns suggests that the threshold of perceptual significance is a slope even 

more gentle than -20 Hz/100msec. The histograms in Figure 2.25 below show the 

frequency of pitch slope measurements and pitch slope differences. In the graph on 

the left, there is a jump in frequency at -15 Hz/100msec. That is, nouns with σ2 pitch 

slopes between -10 and -15 Hz/100msec comprise less than 8% of the total, but nouns 

with σ2 pitch slopes between -15 and -20 Hz/100msec suddenly comprise more than 

20% of the total. Based on the frequency distribution, I suggest that these slope values 

between -15 and -20 Hz/100msec are within the range of the speaker’s target for 

perceptually significant pitch slopes. That is, I consider a pitch slope of -15 

Hz/100msec to be the threshold for perceptual significance. 

Figure 2.25  Frequency of pitch slope measurements and pitch slope differences 
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Similarly, based on the graph at right above, I consider a pitch slope contrast 

across syllables of -10 Hz/100msec to be the limit of perceptual significance. 

2.5.2.5 Summary of perceptual significance levels 

Table 2.10 below summarizes the levels of perceptual significance which are 

relevant to evaluation of the acoustic parameters considered in this study. 

Table 2.10  Perceptual significance levels 

Acoustic 
parameter 

Just-noticeable-
difference 

Weak 
difference 

Meaningful 
difference 

Pitch 1 Hz 5 Hz 10 Hz 

Intensity 1 dB 2 dB 5 dB 

V Duration 10-30 msec    – V/V: 50% 

Pitch slope    –    – 10 Hz/100msec 

 

2.5.3 Contextual significance 

In order to constitute a meaningful correlate of stress, a contrast in an acoustic 

parameter must be contextually significant, as well as statistically and perceptually 

significant. By contextually significant I mean that an acoustic pattern must be 

distinguishable from background acoustic patterns; it must stand out from its context. 

This factor is particularly relevant in consideration of pitch slope data. For 

Balti speaker BSh_03, for instance, pitch slope patterns arise as a direct outcome of 

the contrasts in pitch across syllables. The noun [ra.'ma] ra.ma ‘goat’, shown in 

Figure 2.26 below, provides an illustration. 
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Figure 2.26  Pitch slope patterns arising from pitch patterns: BSh_03 [ra.ma] ra.ma 
‘goat’ 

 

Measured over the medial 50% of the vowel, pitch is 104 Hz in σ1 and 132 

Hz in σ2. The 28 Hz pitch increase from σ1 to σ2 serves as a strong cue for stress. 

Pitch slope is 0.52 Hz/100msec in σ1, and 12 Hz/100msec in σ2, so slope is “more 

upward” in σ2. This upward slope in σ2 has nothing at all to do with stress; it merely 

reflects – and is an extension of – the overall increase in pitch from σ1 to σ2. It is not 

distinct from its acoustic context. 

The relationship between pitch and pitch slope observed in this example also 

occurs in almost all of the other BSh_03 non-verbs, both in isolation and in the 

sentence frame. Since pitch slope is purely an epiphenomenon of another acoustic 
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feature, it lacks contextual significance. Thus for this speaker, it cannot be considered 

an acoustic correlate of stress. 

In Rebkong Amdo nouns, where pitch slope is a robust correlate of stress, the 

opposite pattern pertains. The steep downward pitch slope in σ2 is in sharp contrast to 

the overall rise in pitch from σ1 to σ2; it stands out against its context. This is 

illustrated by the pitch trace for the isolation form of the AR_05 noun [kʰa.tɤʁ] 

kha.btags ‘khata, offering scarf’ shown in Figure 2.27 below. 

Figure 2.27  Contextually significant pitch slope: AR_05 [kʰa.tɤʁ] kha.btags ‘khata, 
offering scarf’ 

 

When Sun (1986: 58) refers to “ a high-falling tune ” as a perceptual cue for 

σ2 stress in Ndzorge Amdo Tibetan, I believe he may be describing a similar 
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contextual contrast. My guess is that the “falling” pitch in σ2 may be particularly 

salient precisely because it is juxtaposed against a “low” overall pitch level in σ1 

compared to σ2. 

 

The methods of data collection and data analysis described in this chapter 

were used in the evaluation of stress in Balti and Rebkong Amdo Tibetan, as 

presented in Chapters 4 and 5, respectively. 
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3. Background on the dialects 

In this chapter I provide background information relevant to my investigation 

of Balti and Rebkong Amdo Tibetan. Previous research is discussed in section 3.1, 

with a focus on descriptions of stress. Consonant and vowel inventories are presented 

in section 3.2, and observed syllable types in section 3.3. In sections 3.4 through 3.6 I 

describe some of the prosodic patterns I have noted in words of different lengths. 

3.1 Previous research 

My own analysis indicates that stress in both Balti and Rebkong Amdo falls 

on σ2 of disyllabic nouns, adjectives, and numerals, and on σ1 of disyllabic verbs. 

This characterization differs from previous studies of these dialects in drawing an 

intrinsic distinction between stress patterns in non-verbs vs. verbs. However, this 

same distinction has been reported for Zhongu Tibetan, a distinctly different dialect, 

with which I begin. 

3.1.1 Zhongu Tibetan 

Zhongu Tibetan is spoken in the Aba (Ngaba) Tibetan Autonomous Prefecture 

in Sichuan Province, China – geographically distal from the areas in which both Balti 

and Rebkong Amdo are spoken. Sun (2003) provides the first linguistic description of 

Zhongu, which he characterizes as an “obscure”, “peculiar”, and “idiosyncratic” 

variety of Tibetan: Zhongu is unusual in exhibiting extreme reduction of consonant 
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clusters, but without the concomitant development of phonemic tonal contrasts 

observed in the central Innovative dialects.16 

One element of Zhongu that is relevant here is that Sun distinguishes between 

a σ2 stress pattern in disyllabic nouns, and a σ1 stress pattern in disyllabic verb 

complexes – the same pattern I observe and document in Rebkong Amdo and Balti. 

This has not been reported, so far as I know, for any other Tibetan dialects. In fact, it 

is unusual, cross-linguistically, for different lexical categories to exhibit different 

stress patterns.17 

Sun explicitly marks “stress accent” in his transcriptions only in the section 

where he describes it (2003: 778). There, the example he provides of a noun in 

isolation is the compound [χse-ná] gser.nag (gold+black) ‘gold’. His glossary 

contains many of the same disyllabic words which I recorded in my study – including 

what I identify as both monomorphemic and compound forms – and he nowhere 

suggests that they are stressed anywhere but on σ2. His examples of disyllabic verbs 

include two Noun + Verbalizer constructions – [pá-lɛ] bag.len (bride+take) ‘to marry 

a wife’, and [ná-ɲɛ] rna.nyan (ear+listen) ‘to listen’ – but none which could be 

interpreted as an infinitive / verbal noun / citation form. In his glossary, for example, 

                                                            
16 In fact, Sun (2003: 797) considers Zhongu to be so distinct and divergent from other varieties of 

Tibetan that it should be regarded as “language-like”, and thus should not be categorized as a 
member of any other dialect group (such as Khams). 

17 English is one of these rare cases, with a limited number of noun-verb minimal pairs such as 
'convert - con'vert, 'import - im'port, 'rebel - re'bel, 'confines - con'fines, 'contract - con'tract, 
'address - ad'dress, 'defect - de'fect, 'contrast - con'trast, and 'insight - in'cite. 
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the verb ‘carry’ is given simply as [kʰə] ‘khur, rather than something like [kʰur.ba] 

‘khur.ba ‘to carry’ which I recorded in Balti. 

Finally, Sun notes that “…stress placement is not always predictable and must 

sometimes be lexically marked.” He provides as illustration the minimal pair [mé-rə] 

‘ideophone mimicking moving currents’ vs. [me-rə]́ dmar.? ‘to be red’. 

3.1.2 Balti Tibetan 

Previous studies of Balti include works by Grierson (1909), Read (1934), 

Sprigg (1966, 2002), and Bielmeier (1985a, 1988a) 18. 

Grierson (1909: 35) observed that “Balti does not appear to possess a marked 

system of tones. In this respect it agrees with Purik and Ladakhi.” He does not offer 

any remarks about stress. 

Read (1934: 3) writes: 

(2.5) The Tibetan language, and consequently all its dialects, is really a 
collection of independent short syllables. However many syllables 
the word may contain, each one must be given equal emphasis and 
never be cut short. The word polo (a ball) is not “poll-o”, but “po-
lo”; likewise in the word gor-gyal-chan (disobedient) equal 
emphasis must be placed on each syllable. 

 

                                                            
18 Read’s grammar is based on the variety of Balti spoken in the village of Khapalu. 

Sprigg, at the time he conducted research on Balti, was not able to travel to Baltistan, and so 
worked in Rawalpindi, Pakistan with a young man also from Khapalu; this young man, Zakir 
Hussein Baltistani, was also familiar with the Skardu variety of Balti. 
The material in Bielmeier’s book (1985a) is based on a story told by a Balti story teller from a 
village near Khapalu. His narration was recorded on tape by Klaus Sagaster. Bielmeier analyzed 
this tape with the assistance of M. Iqbal, a native speaker of the Skardu variety, resident in 
Islamabad at that time. Bielmeier later worked (mainly in Skardu) with several Balti speakers 
from different areas of Baltistan. (Bielmeier p.c., 2008) 
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It is not unreasonable to describe Tibetan as a collection of short syllables. 

However, Read is alone in asserting that all syllables receive “equal emphasis”, and I 

do not see how this characterization can be reconciled with those of other scholars.19 

Indeed, Sprigg (1966, 2002) and Bielmeier (1985a, 1988a:47) are quite clear 

about their observations of stress: both report that stress falls on the final syllable of a 

word, regardless of lexical category (and regardless of word length). The σ2 stress I 

observe in disyllabic non-verbs is explicitly accounted for by this description. The σ1 

stress I observe in disyllabic verbs is accounted for – only partially, as I explain 

below – by their analysis of certain morphemes as non-stress-bearing, causing stress 

to shift to the preceding syllable. Sprigg’s characterization (2002: 4-5) is as follows: 

(2.6) The stress-bearing syllable of a word should be taken to be the 
final syllable, unless (i) some other syllable has been marked as 
stress-bearing, by a grave accent, or (ii) the final syllable is one of 
the following (non-stress-bearing) suffixes: -can (some words 
only), ci (-s)-e, -en, -i, -ing, -la, -mo (except bruk-mo), -mo (pron. 
ngo), na, -pa (II), -pa (VI), -pho, -phu, -phun, -po, -re, -sang, -shik, 
-tsa (II ‘some’), or -tu, in which case it is the syllable immediately 
before this suffix that is the stress-bearing syllable (unless that 
syllable is also one of these non-stress-bearing syllables; but that is 
rarely so). 
 

The type (i) exceptions above are lexical. Aside from words borrowed from 

Urdu, there are probably not more than a few dozen of these in the entire dictionary. 

Most easily found are words beginning with a-20 (mostly interjections or borrowings) 

and deictics beginning with de- or e-. Other autochthonous disyllabic words marked 

                                                            
19 Perhaps Read was attending to vowel quality, rather than stress? But that is mere conjecture. 
20 Sprigg presents his dictionary entries in terms of morphological composition (transcribed at the 

phonemic level). I show his forms here in bold type to distinguish them from Written Tibetan 
forms (which I show in italics) and phonetic forms (which I show in plain type, using the IPA). 
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explicitly with σ1 stress include bràa-shing ’brad.shing? ‘rake’, dàaman lda.man21 

‘small drum’, kùru ku.rug ‘colt of an ass’, phàDing ‘dried apricots’, and tsùt-mo 

?.mo ‘doll’. I did not happen to elicit any of these words in my own work.22 

The type (ii) exceptions listed above are morphological and/or phonological. 

These “non-stress-bearing suffixes” from (2.2) are listed in Table 3.1 below. The 

“Meaning / function” in the third column here is Sprigg’s definition (except where 

enclosed in square brackets), as provided on the page indicated in the fourth column. 

The lower case letters in the second column correspond to the order in which these 

“suffixes” are listed by Sprigg in (2.6) above. The Roman numerals in the first 

column reflect my own groupings, as discussed below. 

I consider many of Sprigg’s type (ii) exceptions to be clitics (which I, too, 

have found to be unstressed, as discussed in section 3.5.3): oblique case markers / 

clause connectors in I, quantifiers in II, participial endings in III, and others in IV 

(including (o), which seems to be lexically unique). 

                                                            
21 According to Bielmeier (p.c., 2008), this word is a loan, and the spelling provided in Jaeschke 

([1881] 1958: 289a) is secondary. 
22 Sprigg’s dictionary also includes a number of trisyllabic lexical exceptions which are stressed on 

σ1: e.g.,  gà-ba-r-met ‘nowhere’ and kàaDo-shing kha.to.shing ‘cross used in ancient torture’. A 
handful of tri- and quadri-syllabic words – compounds and reduplicated forms – are marked as 
stressed on a medial syllable – e.g.,  daltùmur bdar.rdo.? ‘soft smooth stone used for honing’ – 
but most are not, and so we must assume Sprigg found them to be stressed on the final syllable. 
Longer expressions bear no indication of stress placement, either: e.g. khi-skor mi-skor bya ‘to 
convince through using several people, enforce through using several people to plead’, tsoks-na 
tsoks ‘alike, exact, same’, and gzhu-bu khur-pa ‘man who carries a bow; best man at a 
wedding’. 
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Table 3.1  Sprigg’s list of non-stress-bearing suffixes (2002: 5) 

  “Suffix” Meaning / function Page 

I. 

e. -i gen of, -’s, -s’ 77 
f. -ing in 78 
g. -la at, on, to, for 95 
j. -na from, with, and; when, and then 119 
u. -tu loc, equivalent to ‘-wards’ 172 

II. 
b. ci any, a certain, some 46 
q. -re equivalent to -ful, -ish 136 
t. -tsa (II, ‘some’) [some, about ?] 168 

III. 
c. (-s)-e participial, equivalent to -ing 55 
d. -en pres part, equivalent to -ing 55 

IV. 

a. -can ‘having’, ‘-able’ 39 
r. -sang particle also, too, even 148 
s. -shik imp please do it 152 
o. -phun [only in bila-phun ‘butterfly’] 131, 30 

V. 

h. -mo (except bruk-mo) female, equivalent to -ess 117, 33 
i. -mo (pron. [-ngo]) [see -mo (I), -mo (II), -mo (III)] 117 
m. -pho adjectival suffix (pron. [-fo]) 129 
p. -po suffix designating concrete nouns 132 
n. -phu young one, of animals 130 

VI. 
k. -pa (II) inf, equivalent to ‘to’ 126 
l. -pa (VI) past 126 

 

Of particular significance are the nominal / adjectival suffixes in group V, and 

the verbal suffix (k) in group VI. All of these are very common in the language, and I 

consider them in some detail here in order to make two points: First, where Sprigg 

sees non-stress-bearing suffixes on nouns and adjectives (group V), I see a contrast in 

vowel height across syllables, whose intrinsic acoustic properties account for the 

perceived stress pattern. Second, where Sprigg sees a non-stress-bearing suffix on 

verbs (VI.k), I see a different stress pattern altogether, by taking into consideration 

verbs of a different morphological composition. 

Exception (V.h) here is evidently Sprigg’s suffix -mo (I). He identifies bruk-

mò (which seems to occur only in the quadrisyllabic compound lha-mò bruk-mò 
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‘fabulous golden-haired woman, wife of Gesar’; 2002:101) as an anomaly stressed on 

σ2. This word is presented in clear contrast to a list of other examples in which he 

considers -mo to indeed be unstressed. This list includes the disyllabic words baks-

mo bag.ma ‘bride’, dak-mo dag.mo ‘housekeeper, person in charge of all food, etc.’ 

(related to the adjective dag.po ‘clean’), and lyaks-mo legs.po ‘good, clean, well, 

nice’. For these words – which I elicited in my own study – I found that the acoustic 

correlates of stress provide mixed cues to the listener: intensity and vowel duration 

are more prominent on σ1, while pitch is more prominent on σ2. This can be 

attributed to the contrast in vowel height across syllables; as discussed in section 2.3, 

low vowels are intrinsically longer and have a higher intensity than high vowels, 

while high vowels have a higher pitch than low vowels. It seems likely that the 

intrinsic effects lending prominence to σ1 are what Sprigg noted as stress; this, in 

turn, may have led him to identify σ2 as a non-stress-bearing suffix. 

In fact, the intrinsic effects of vowel quality contrast may underlie all of the 

other nominal / adjectival “non-stress-bearing suffixes” in Table 3.1. Nearly all of 

them end in [-o], and since [a] is the most common vowel in Tibetan, the result is a 

high frequency of words with an [a.o] / [lower.higher] vowel height contrast. 

Sprigg’s account of exception (V.i) is phonologically based; it seems to refer 

to  -mo (I), -mo (II), and -mo (III) whenever they are pronounced as [-ngo], which 

occurs when the preceding sound is a vowel. (As indicated above, -mo (I) marks 

‘female, equivalent to -ess’;  -mo (II) is an adjectival suffix, while -mo (III) is a 

‘substantive’ (i.e., nominal) suffix.) In the few words I recorded with a [-ngo] suffix, 
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however, stress in almost all cases fell on σ2, rather than on σ1. These included some 

of Sprigg’s examples with -mo (I): bu-mo bu.mo ‘girl, daughter’ and nò-mo no.mu 

‘younger sister’ were pronounced, in my recordings, as [bu.ŋo] and [no.ŋo] 23. For 

bya-mo bya.mo ‘hen’, stress correlates were mixed; again, contrasts in vowel height 

across syllables likely play a role. 

Exceptions (V.m) and (V.p) all have a male or masculine sense; for these, 

picking out specific entries in Sprigg’s dictionary is a little confusing. -pho and pho 

(both pronounced [-fo]) are identified as an adjectival suffix and a substantive, 

respectively (2002: 129). For examples, the reader is directed to entries for mar-pho 

dmar.po ‘red’, ser-po ser.po ‘yellow’, and graks-pho grang.mo ? ‘cold’? 24. 

Contrasts in vowel height may play a role here, as described above. This may also be 

the case in other illustrations of -pho and pho offered by Sprigg, including baks-pho 

bag.po ‘bridegroom’, bya-pho bya.po ‘cockerel, cock’, and rgyal-pho rgyal.po 

‘king’, and also in his examples with -po: daks-po bdag.po ‘husband’, gong-po ? (no 

gloss provided), mak-po mag.pa ‘bridegroom’, rgyal-po rgyal.po ‘king’, rtsan-po 

rtsan.po ‘prayer answered by god’. An exception with a higher vowel in σ1 is rtsis-

po rtsis.po ‘number, account’. 

                                                            
23 As noted in the preceding paragraph, Sprigg identified lha-mò lha.mo ‘goddess’ as a lexical 

exception to his proposed phonological alternation, pronounced [�a.'ŋo] rather than ['�a.ŋo]; I, 
too, found this word to be stressed on σ2. 

24 Bielmeier (p.c. 2008) points out that the adjective ‘cold’ in Balti is [graks.'mo]. It is not clear 
what Sprigg is referring to with his form graks-pho. Also, for ‘king’, Bielmeier has observed 
only [gyal.pho], and not [gyal.po] in Balti. 
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Finally, exception (V.n) -phu is a diminutive suffix. As examples, Sprigg 

offers bilà-phu byi.la.phru ‘kitten’, bya-phu bya.phru ‘small chicken’, dren-phu 

dren.phru ‘bear cub, gong-phu gong.phru ‘small snow pheasant’, gri-phu gri.phru 

‘small knife’, lu-phù-u lug.phru ‘lamb’, and lTing-phu lteng.phru ‘small shallow 

well’. I recorded several words with the related diminutive suffix -phrug from 

speakers AR_04 and AR_05: [ɕa.ʋrɨɣ] and [ɕa.rɨɣ] bya.phrug ‘baby bird, chick’; 

[lə.rɨɰ] lu.phrug ‘kitten’; and [ᵊlɔː̃.ʈɨɣ] glang.phrug ‘baby male ox’. None of these 

examples could be segmented reliably, and so were not useful for quantitative 

acoustic analysis, but the acoustic information can be looked at all the same. In all 

four tokens, intensity is higher on σ1 and pitch is higher on σ2. These contradictory 

cues are exactly what one might predict, since in all four tokens there is a 

[lower.higher] vowel height contrast. (The stem which is the historicalsource of this 

diminutive is unstressed when it occurs in the Balti noun [pʰru.ᵖɸra] phru.phra 

‘children’; in this case, both pitch and intensity are higher on σ2.) 

In all of the above, then, Sprigg accounts for his perception of prominence on 

σ1 by suggesting that σ2 is a non-stress-bearing suffix. For a large majority of these 

cases, I suggest that his perception of prominence on σ1 may be attributable instead 

to the intrinsic effects of a contrast in vowel height across syllables. 

 

This hypothesis can be tested by considering disyllabic nouns and adjectives 

with these type (V) suffixes, but in which there is not a contrast in vowel height. My 
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own data includes only a few such cases, which are listed in Table 3.2 below. As 

shown, when there is no contrast in vowel height, there are no acoustic cues 

suggestive of a shift in stress to σ1. Instead, in these control cases, pitch and intensity 

are higher on σ2, indicating σ2 stress.25 

Table 3.2  Balti [o.o] nouns and adjectives 

Speaker Gloss WT IPA 
Δ Pitch 

(Hz) 
Δ Int 
(dB) 

Δ Pitch slope 
(Hz/100msec) 

BM_01 girl bu.mo ɓo.ŋo 25 0 -43 
 thick, fat sbom.po bom.bo 2 1 -39 
BSh_03 thick, fat sbom.po bom.bo 19 4 9.8 
 rare dkon.po ? ʂkøn. mo 17 1 21 
 high mthon.mo thon.mo 21 2 22 

 

 

An entirely different situation is presented by exception (VI.k) in Table 3.1 – 

the verbal suffix “-pa (II) inf, equivalent to ‘to’”.  

Once Sprigg interpreted the other suffixes in Table 3.1 as non-stress-bearing, 

he might analogously have interpreted this -pa the same way, which is one means of 

accounting for the σ1 stress which is so strongly and consistently perceived and 

acoustically manifested in verbs. In this case, though, I think the σ1 stress on verbs is 

                                                            
25 I do not include a comparison of vowel duration across syllables in these examples because, as 

discussed in section 2.3.2.2, a number of interfering factors come into play: (a) vowels are 
intrinsically longer in open syllables than in closed syllables; (b) vowels are intrinsically longer in 
the final syllable of an utterance. Since these effects cannot be factored out, it is not possible to 
isolate a potential correlation between vowel duration and stress, and so such a comparison would 
be meaningless. 
The pitch slope contrasts presented here are also not relevant to stress, since they are not 
contextually significant. This is discussed in sections 2.5.3 and 4.3. 
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intrinsic and distinctive. I am led to this conclusion by considering – in addition to 

infinitive / citation verb forms like [tʰaq.pa] ’thag.pa ‘to grind’ and [χnot.pa] 

gnod.pa ‘to harm’– verbs with other morphological structures. These include 

N+Vblzr forms like [lut.taŋ] lud.btang (manure+send) ‘to spread manure’ and 

[sna.bya] rna.bya (ear+do) ‘to listen’, as well as N + V compounds like [zɡo.tɕukʰ]26 

sgo.bcug (door+close) ‘to close a door’ and [zaːn.za] zan.za (food+eat) ‘to eat food’. 

In these cases the morphemes in σ2 are richer in phonetic and semantic content than 

Sprigg’s set of non-stress-bearing suffixes, and are not counted among them. Thus σ1 

stress cannot be explained as a shift in placement from σ2. Vowel quality does not 

play a role either; in all of these words, pitch and intensity are higher in σ1 than in σ2 

regardless of contrasts in vowel quality across syllables. Thus I believe that the stress 

pattern observed in disyllabic verbs of all structural types is most efficiently 

accounted for by simply saying that Balti verbs are stressed on σ1, in contrast to the 

non-verbs. 

 

Both Sprigg and Bielmeier noted a handful of minimal pairs in Balti in which 

verbs stressed on σ1 contrast with nouns stressed on σ2 – e.g., Sprigg’s verbal noun / 

infinitive / citation form [rgɔs.pa] dgos.pa ‘needing / to need’ vs. the noun [rgɔs.pa] 

                                                            
26 The final aspiration here is quite unusual, but this is indeed how the speaker produced this token. 



107 

 

dgos.pa ‘need’, and Bielmeier’s [xlat.pa] *glad.pa 27 ‘to be tired’ vs. [xlat.pa ] 

klad.pa / glad.pa ‘brain’. Based on such minimal pairs, Bielmeier describes stress as 

“marginally phonemic”. (Though of course, as noted by Pike (1948), even when 

stress is not phonemic, it is still part of what a speaker knows about her language.) 

Finally, for disyllabic nouns, both authors also reported perceiving a higher 

pitch on the second syllable than on the first. This is exactly what I confirm through 

acoustic measurements, as discussed in Chapter 4.  

 

For other Western Archaic Dialects, such as Sham and Ladakhi, Bielmeier 

again reports σ2 stress (1988a: 48). 

Regarding Purik, Zemp (2006) notes that previous studies of the language did 

not address stress, and that he himself did not take much note of it during his 

fieldwork, as it never seemed prominent or important. In his preliminary analysis, 

Zemp seems to have analyzed stress patterns in disyllabic words as they occurred in 

recorded stories – i.e., not in isolation or in a controlled setting – and he measured 

only intensity as a potential acoustic correlate. He seems to say that stress on 

disyllabic words is variable, and that intensity measurements were not always 

consistent with perceived stress. He does note, though, that most disyllabic nouns 

have a higher pitch on σ2. 

                                                            
27 This reconstructed Proto-Tibetan form was provided by Roland Bielmeier (p.c. 2008). 
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3.1.3 Amdo Tibetan 

In Rebkong Amdo, just as in Balti, my research shows that disyllabic nouns, 

adjectives, and numerals are stressed on σ2, while disyllabic verbs are stressed on σ1. 

de Roerich (1958) is a grammatical sketch of the very same variety of Amdo 

that I consider here, with a number of transcribed and translated narratives. de 

Roerich’s discussion of phonology includes no mention of stress at all; he says only 

that the dialect is non-tonal (1958: 29). 

For Ndzorge Amdo, Sun (1986: 58) reports that stress is fixed and non-

phonemic, falling on the last syllable of polysyllabic words regardless of their length. 

He observes that the perceptual cues for stress are “stronger articulatory force and a 

high-falling tune on the stressed syllable, regardless of whether the onset of this 

syllable is voiced or voiceless.” 

In Themchen Amdo, as described by Haller (2004: 28), disyllabic words are 

usually stressed on the second syllable. Haller does not mention whether or not stress 

is phonemically contrastive. There is no discussion of stress patterns on longer words. 

Neither Sun (1986) nor Haller mentions a contrast between stress patterns in 

verbs vs. non-verbs for Amdo. It may be that verbs and non-verbs exhibit the same 

stress patterns. Alternatively, it may be that they did not particularly attend to the 

potential for a distinction here. Since it is not very common for languages to exhibit 

different stress patterns in different lexical categories, one might not think to check 

this. Furthermore, while disyllabic nouns and adjectives are ubiquitous and easily 
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isolable, eliciting disyllabic forms of verbs requires a deliberate effort; if one were not 

specifically looking for a stress pattern in verbs, one might not notice it. 

Makley et al. (1999) make no mention of stress in their initial phonological 

overview of the Labrang variety of Amdo. 

3.2 Consonant and vowel inventories 

Consonant and vowel inventories for Balti and Rebkong Amdo are presented 

in sections 3.2.1 and 3.2.2 below, respectively. These inventories should be 

considered preliminary – they are limited to the segments and clusters encountered in 

the words I elicited during this focused investigation. A much more careful evaluation 

of Balti and Rebkong Amdo phonetics and phonology would be required to develop 

authoritative inventories of consonant and vowel phonemes.28 

3.2.1 Balti inventories 

Table 3.3 below provides an inventory of Balti simplex consonants – i.e., 

those that cannot be analyzed as clusters. 

                                                            
28 Or – perhaps more useful – an inventory of syllable onsets and rhymes. 
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Table 3.3  Balti: inventory of simplex consonants 29 

bilab ap-dent retro pal post-pal velar uvular 

p t ʈ   k q 
pʰ tʰ ʈʰ   kʰ  
b d ɖ   g  
 ts tʂ tɕ    
 dz ɖʐ dʑ    
 s ʂ ɕ ç x χ 
 z ʐ ʑ  ɣ ʁ 
m n  ny  ŋ  
 l   l ̥      
 ɮ  ɬ      
 r   r ̥      
w   y  w  

 
 

Consonant clusters are presented in Table 3.4. This inventory is almost 

certainly not complete, as it is limited to onset clusters encountered in the words in 

my study. (See also Sprigg 2002: 5-13.) 

                                                            
29 As noted in section 2.1.3, in my transcriptions, I use [ny] rather than IPA [ɲ], and [y] rather than 

IPA [j] in order to avoid potential confusion with the Wylie (1957) transliteration system. 
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Table 3.4  Balti:  Inventory of consonant clusters (preliminary) 

f- ɸtɕ-          
v- vd-          
d- dʐr-          
s- sp- st- sk- sm- sn- sŋ-     
z- zb- zg-         
ʂ- ʂt- ʂk-         
ç- çt- çl-         
x- xt- xs- xl-        
χ- χm- χn- χs- χl- χp-      
m- mb-          
n- nd- nz-         
ŋ- ŋg-          
r- rd- rg- rɣ-        
ʁ- ʁz-          
ɬ- ɬts-          
-r pr- br- tʰr-̥ kr- tʂr-̥ ndr- dʐr- str-   
-l bl- çl- xl- χl-       
-y py- spy- by- ʂky- gy- rgy-     

 
 

Vowels are shown in Table 3.5. 

Table 3.5  Balti: vowel inventory 

i  u 
     e    o 

 a  
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3.2.2 Rebkong Amdo inventories 

Table 3.6 provides an inventory of simplex consonants observed in Rebkong 

Amdo. The voiced bilabial [b] sometimes occurs word-initially as [mb-] or [ɓ]. 

Aspiration in the velar [kʰ] is often so strong as to sound like [kˣ]. 

Table 3.6  Rebkong Amdo: inventory of simplex consonants 

bilab lab-dent ap-dent retro pal post-pal velar uvular glottal 

p  t ʈ c  k   
pʰ  tʰ    kʰ   
b  d    g   
  ts tʂ tɕ     
  tsʰ tʂʰ tɕʰ     
  dz dʐ dʑ     
 f s ʂ ɕ ç x χ h 
  sʰ ʂʰ ɕʰ çʰ    
 v z ʐ ʑ  ɣ ʁ  
m  n  ny  ŋ   
m̥  n̥    ŋ ̥   
  l   l ̥       
  ɮ  ɬ       
  r   r ̥       
w ʋ   y  w   

 
 
Table 3.7 below provides an inventory of consonant clusters noted in my data. 

Clusters beginning in [ʰᵊ-] are discussed in section 3.3.2 
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Table 3.7  Rebkong Amdo:  Inventory of consonant clusters 

k- ks-      
d- dʑy-      
ç- çt- çs- çts- çtɕ-   
x- xt- xts- xs- xtɕ- xcy- xk- 
χ- χk-      
h- ʰᵊd- ʰᵊg- ʰᵊz- ʰᵊdʑ- ʰᵊl- ʰᵊɮ- 
n- nt- nd- nts- ndz- ntɕ-  
ŋ- ŋk- ŋg-     

 
 

The vowel inventory is shown in Table 3.8 below.  

Table 3.8  Rebkong Amdo: vowel inventory 

i  u 
     e    ɤ, o 

 a  
 

Reduced vowel allophones – [ɪ], [ɨ], [ɤ], and [ʌ] – are very common in 

Rebkong Amdo, and lip-rounding is not very pronounced even in [o], and [u]. The 

speakers I worked with in Xining, Rebkong, and Kathmandu all spoke with their jaws 

somewhat closed and still. 

The vowel inventory also includes the diphthongs [ai] and [ɔi]. These are only 

found in σ1, and only in words in which σ1 has an alveolar coda in the Written 

Tibetan form. Examples include [ʰmãĩ.'kˣɤŋ] sman.khang ‘hospital’, [ʰᵊlai.'pa] 
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klad.pa / glad.pa ‘brain’, [tsɔiŋ.ma] btson.pa ‘prisoner’, [χɔim.'bo] dpon.po ‘official, 

chief’, and [ntɕai.'mo] rgyal.mo ‘queen’. 

In natural speech, vowels may be lengthened and nasalized to compensate for 

the deletion of a final nasal coda. 

3.3 The syllable template 

The syllable templates which I observed in Balti and Rebkong Amdo are 

described in sections 3.3.1 and 3.3.2, respectively. The inventories include both heavy 

and light syllables. (Of course, syllable weight is not relevant to the placement of 

stress; stress is fixed, according to lexical category.) In both dialects, complex 

consonant clusters are more varied and more frequent in onset position than in coda 

position. 

3.3.1 Balti syllable types 

The syllable templates which I have observed in my Balti data are listed in 

Table 3.9 below. It is possible that other types exist, but I have not encountered them 

thus far. And there are certainly other types of open syllables with long vowels – e.g., 

CVV or CCCVV – but all of these are cases where a coda has been deleted and 

compensatory lengthening – and sometimes also nasalization – has occurred. 
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Table 3.9  Balti  / Possible syllable types 

 σ1 σ2 

open 
V- * 
CV- -CV 
CCV- -CCV 

closed 

CVC- -CVC 
CCVC- -CCVC 
CCCVC- -CCCVC 
CVCC- -CVCC 
CVVC- * 

* Not attested in my data. 

 

Examples of the different types of open syllables are provided in Table 3.10.  

Table 3.10  Balti  / Examples of open syllables 

Template 
Examples 

Lex cat Syllable Word WT Gloss 

V N ʔo- ʔo.'spis ‘o.spri cream 

CV 

N tɕa- tɕa.'pʰe ja.phye tea flour 
-ga çtʌz.'ga rta.sga horse saddle 

V   *      *      *      * 

-za 'za:n.za zan.za to eat food 

CCV 

N sta- sta.'re sta.re axe 
  *      *      *      * 

V zgo - 'zgo.tɕuk sgo.bcug to close a door 
sna- 'sna.bya snya.bya to listen 

* Not attested in my data. 

 

Examples of the different types of closed syllables are provided in Table 3.11. 
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Table 3.11  Balti / Examples of closed syllables 

Template 
Examples 

Lex cat Syllable Word WT Gloss 

CVC 

N mak- mak.'pa mag.pa bridegroom 
-tek ɓa.'tek ? frog 

V ʑik- 'ʑik.pʰa ’jigs.pa to be afraid 
  *      *      *      * 

CCVC 

N zbuk- zbuk.'pa sbud.pa bellows 
- ʀlat ŋgo.'ʀlat mgo.glad brain, mind 

V stun- 'stun.ma srung.ma to keep, protect 
- ɸtɕøs 'zan.ɸtɕøs zan.bcos to cook food 

CCCVC 

N strɛn- strɛn.'ma sran.ma pea 
-striŋ bu.'striŋ bu.sring woman 

V strãŋ- 'strãŋ.ma srang.ma to straighten 
  *      *      *      * 

CVCC 

N -tʰaχs gøn.tʰaχs dgong.? evening 

A tsoʁs- tsoʁs.'tsoʁ tsogs.tsogs same, alike 
V   *      *      *      * 

CVVC 

N tʰaũŋ- tʰaũŋ.'boŋ thang.bong donkey 
A leaʀ- leaʀ.'mo legs.po good 
V zaːn- 'zaːn.za zan.za to eat food 

* Not attested in my data. 

3.3.2 Rebkong Amdo syllable types 

The syllable types I have observed in Rebkong Amdo are presented in Table 

3.12 below.  
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Table 3.12  Rebkong Amdo / Possible syllable types 

 σ1 σ2 

open 

V- * 
CV- -CV 
CCV- -CCV 
CCVV- * 

closed 

CVC- -CVC 
CCVC- -CCVC 
CCCVC- -CCCVC 
CVCC- -CVCC 
CVVC- * 

* Not attested in my data. 

 

Examples of the different types of open syllables are provided in Table 3.13 

below. (As discussed in chapter 2, I recorded, segmented, and analyzed only a few 

Rebkong Amdo verbs. All of these had a Noun + Verbalizer morphological structure; 

none were citation forms, in which it would have been more likely to encounter an 

open σ2. Their absence here reflects the limitations of my sample.) 
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Table 3.13  Rebkong Amdo / Examples of open syllables 

Template 
Examples 

Lex cat Syllable Word WT Gloss 

V N o- o.ma ’o.ma milk 

CV 

N 
tʰo- tʰo.'pa thod.pa forehead, skull 

-go ᵊvɯŋ.go pus.mgo knee 

V 
ʋu - ʋu.dʑəp wu.brgyab to shoot a gun 

  *      *      *      * 

CCV 

N 
xkɤ- xkɤ.pa skud.pa thread 

  *      *      *      * 

V 
nta- nta.hɛn mda’.’phen to shoot an arrow 

  *      *      *      * 

CVV 
N 

ʂai- ʂai.ma sran.ma soybean, legume 

  *      *      *      * 

V   *      *      *      * 

CCVV 
N 

ҫtai- ҫtai.mo ltad.mo show, spectacle 

  *      *      *      * 

V   *      *      *      * 

 

Examples of closed syllables are provided in Table 3.14 below.  
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Table 3.14  Rebkong Amdo / Examples of closed syllables 

Template 
Examples 

Lex cat Syllable Word WT Gloss 

CVC 

N 
lex- lex.ka las.ka work 

-kɨl pʰar.kɨl pha.skad father tongue

V kʰʌŋ- kʰʌŋ.bʌp gangs.babs / 
kha.ba.babs ? 

to snow 
-hɛn nta.hɛn mda’.’phen to shoot an arrow 

CCVC 

N 
xtsam- xtsam.ba rtsam.pa tsampa 

- hmɪn xtsa.hmɪn rtswa.sman medicinal plant 

V ʰᵊnʌm- ʰᵊnʌm.bʌʋ gnam.babs to rain 
- tɕyɤʋ ɮẽ.tɕɤʋ lan.brgyab to answer 

CCVCC 
N xkarn- xkarn.da skar.zla shooting star 

V   *      *      *      * 

CVVC 

N χɔim- χɔim.bo dpon.po official, chief 

A tsʰɔim- tsʰɔim.bu tshon.po fat 
V   *      *      *      * 

CCVVC 

N hmain- hmain.tsa sman.rtswa medicinal plant 

A χkɔim- χkɔim.bu dkon.po rare 

V   *      *      *      * 

* Not attested in my data. 

 

In a number of words I transcribe an [ᵊ-] or [ʰᵊ-] at the beginning of the first 

syllable. These sounds are visible in the waveform and spectrogram, but I do not 

consider them to constitute an independent syllable.30 In some cases these fragments 

precede a voiced syllable onset; here, I think they represent nothing more than early 

voicing which is part of careful enunciation. An example of this is the noun [ᵊrɨ.'mõ] 

ri.mo ‘drawing, picture’, shown in Figure 3.1 below. 

                                                            
30 These are reminiscent of the sesquisyllables described by Matisoff (1973). 
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Figure 3.1  [ᵊ-] preceding a voiced σ1 onset: AR_04 [ᵊrɨ.'mõ] ri.mo ‘drawing, picture’ 

 

In other cases these extrametrical bits correspond to – and seem to be relicts of 

– a consonant cluster in Written Tibetan. An example is the adjective [��zar.'mõ] 

gzar.mo ‘steep’, shown in Figure 3.2 below. The onset sequence [��z-] corresponds 

to the WT cluster gz-. 
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Figure 3.2  [ʰᵊ-] corresponding to a WT cluster: AR_05 [ʰᵊzar.'mõ] gzar.mo ‘steep’ 

 

When such words are produced within the sentence frame, these initial vocalic 

fragments often disappear. 

3.4 Monosyllabic words 

In the Innovative dialects of Tibetan, there is a seemingly endless supply of 

monosyllabic words which are minimal pairs contrasting only in tone. Monosyllables 

thus provide ubiquitous and robust evidence that these dialects are tonal. 

When we turn to monosyllabic words in Balti and Rebkong Amdo, such 

evidence is virtually non-existent. In fact, I have encountered only one anomalous 
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minimal pair in Balti31, and none at all in Rebkong Amdo. The tonal distinctions that 

are a defining characteristic of the Innovative dialects simply do not occur here. 

3.4.1 Comparison to an Innovative dialect 

To illustrate, we can compare data from Balti and Rebkong Amdo to 

examples from Tokpe Gola Tibetan, an Innovative dialect spoken in northeastern 

Nepal which is prosodically quite similar to Lhasa Tibetan and which I have 

investigated in some detail. As shown in Table 3.15 below, the Tokpe Gola words for 

‘arrow’ and ‘horse’ constitute a minimal pair, contrasting only in terms of tone. The 

Balti and Rebkong Amdo cognates of these same words differ instead in their 

segmental content. (This table is arranged iconically in terms of geographic location, 

with Balti to the “west” and Rebkong Amdo to the “east”.) 

Table 3.15  ‘arrow’, ‘horse’:  Non-tonal vs. tonal dialects 

Gloss Written Tibetan Balti Tokpe Gola Rebkong Amdo 

arrow mda’ nda ta ̱ nda 
horse rta ɬta tā xta 

 

                                                            
31 One of my Balti language consultants provided me with a single surprising minimal pair: the 

words [ra�] WT ‘goat’ and [ra�] WT ‘pen, enclosure’. These words appear to contrast in pitch, 
with average fundamental frequency measured over the vowels as 127 Hz and 110 Hz, 
respectively. My skepticism about this example is shared by Nicolas Tournadre (p.c., 2008), and 
such contrasts have not been reported elsewhere in the literature. My consultant pointed out to me 
that [ra�] ‘goat’ is a short form of [ra.ma]. As he was enthused about having recently begun to 
study Written Tibetan (and thus tonal Central Tibetan), I think it is possible he may have had in 
mind the fact that such contracted forms often take on a high tone in the tonal dialects. The high 
pitch of [ra�] is not consistent with the same speaker’s low pitch in [ra.ma] in Figure 4.25, in 
Chapter 4. 
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Pitch traces for the two Tokpe Gola words are illustrated in Figure 3.3 below. 

The speaker maintains a level pitch across the vowels in both words; the average 

pitch over the vowel in [ta]̱ mda’ ‘arrow’ is 16 Hz lower than the average pitch over 

the vowel in [tā] rta ‘horse’. This pitch contrast is perceptually significant, as 

discussed in section 2.5.2. (16 Hz may not appear to be a dramatic difference in 

Figure 3.3, but I chose this scale of 50 Hz - 200 Hz to be consistent across all the 

illustrations below.)  
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Figure 3.3  Tokpe Gola (TG_06) / Pitch traces for [ta]̱ mda’ ‘arrow’ and [tā] rta ‘horse’ 

 

For vowels in the same two words in Balti, however, the difference in average 

pitch over the vowels in [nda] mda’  ‘arrow’ and [ɬta] rta ‘horse’ is only 6 Hz, as 

illustrated in Figure 3.4 below. Both words show the same falling pitch contour over 

the vowel; the slightly higher pitch at the beginning of ‘horse’ is likely a result of the 

transition from the tense vocal folds associated with the high frequency of the 

fricative and with the voiceless stop onset. 
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Figure 3.4  Balti (BM_01) / Pitch traces for [nda] mda’ ‘arrow’ and [ɬta] rta ‘horse’ 

 

Almost exactly the same patterns are observed in the pitch traces of the same 

words in Rebkong Amdo, as shown in Figure 3.5 below. Here, the difference in 

average pitch is only 5 Hz. 
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Figure 3.5  Rebkong Amdo (AR_05) / Pitch traces for [nda] mda’  ‘arrow’ and [xta] rta 
‘horse’ 

 

A similar example is the case of me ‘fire’ and sman ‘medicine’. As shown in 

Table 3.16 below, the Balti and Rebkong Amdo forms preserve traces of the 

segmental content and contrasts of 7th century Written Tibetan, while in Tokpe Gola 

the distinction is made by the suprasegmental properties of tone and vowel duration. 

Table 3.16  ‘fire’, ‘medicine’:  Non-tonal vs. tonal dialects 

Gloss Written Tibetan Balti Tokpe Gola Rebkong Amdo 

fire me me me ̱ nyi 
medicine sman sman me ̄̃ː  ʰᵊmɛn 

 



127 

 

Pitch traces for the Tokpe Gola pair are shown in Figure 3.6 below. The 

difference in average pitch across the vowels in the two words is 13 Hz, a 

perceptually significant contrast. 

Figure 3.6  Tokpe Gola (TG_06) / Pitch traces for [me]̱ me ‘fire’ and [me ̄̃ː ] sman 
‘medicine’ 

 

Pitch traces for the two Balti cognates are compared in Figure 3.7 below. The 

rhymes show similar curves, and the average pitch values differ by only 3 Hz. To my 

ears, there is no readily detectible difference in pitch in the two words. 
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Figure 3.7  Balti (BM_01) / Pitch traces for [me] me ‘fire’ and [sman] sman ‘medicine’ 

 

This is again the case in Rebkong Amdo, as shown in Figure 3.8 below; here, 

too, the average pitch values over the rhyme are exactly the same. 
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Figure 3.8  Rebkong Amdo (AR_05) / Pitch traces for [nyi] me ‘fire’ and [ʰᵊmɛn] sman 
‘medicine’ 

 

3.4.2 Pitch in compound formation 

In her consideration of monosyllabic words in the Aba (Nga.ba) variety of 

Amdo, Huang (1995:45) says that “[t]one of any kind is completely lacking 

…syllables of all types invariably carry a high falling pitch 53.”32 This high falling 

pitch is just what we have observed for Rebkong Amdo (and Balti) above, and it is 

illustrated again by the two words [ɸna] sna ‘nose’ and [tɕʰɤɣ] khrag ‘blood’ (as 

produced by speaker AR_05) spliced together in Figure 3.9 below. For both words, 

the pitch pattern is more or less the same as in the preceding examples. 
                                                            
32 Huang’s reference to “syllables of all types” refers to various possible onsets and rhymes. 
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Figure 3.9  Rebkong Amdo (AR_05) / Pitch traces for [ɸna] sna ‘nose’ and [tɕʰɨɣ] khrag 
‘blood’ 

 

What is interesting here is that when these monosyllabic words are combined 

to form the compound [ʰna.tɕɨɣ] sna.khrag ‘nose blood, bloody nose’, an entirely 

different pitch pattern emerges, as illustrated in Figure 3.10 below. In σ1, pitch is 

fairly flat across the vowel; in σ2, pitch slopes downward at a steep slope over the 

rhyme. (In effect, the same pitch pattern that conveys stress in monosyllabic words is 

found in the stressed syllable of disyllabic words.) In Chapter 4, I show that this pitch 

slope is one of the primary means of conveying σ2 stress in Rebkong Amdo nouns. 
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Figure 3.10  Rebkong Amdo (AR_05) / Pitch trace [ʰna.tɕɨɣ] sna.khrag ‘nose blood, 
bloody nose’ 

 

The pitch trace in Figure 3.10 shows that two things have not  happened. First, 

the two monosyllabic words have not each preserved their individual pitch patterns. If 

they had, we would see a high falling pitch on both σ1 and σ2. Second, the high-

falling pitch pattern which occurs in the monosyllables cannot be interpreted as a tone 

pattern common to all nouns, distributed over the domain of the word. If that were the 

case, we would expect to see a high tone on σ1, and a falling or low tone on σ2, 

matching the pitch contour of the monosyllabic words. These are two phenomena that 

we might expect to see if Rebkong Amdo were a tone language. 
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Instead, the pitch trace here can be regarded as a template for disyllabic non-

verbs in Rebkong Amdo. The same pattern can be seen in the many figures in Chapter 

4. 

3.4.3 Pitch in monosyllabic verbs 

As a final observation, monosyllabic verbs can exhibit the same pitch patterns 

as the nouns described above. The pitch traces of the imperative forms of the verbs 

[xsoː] gso / gsos ‘eat’33 and [xsøl] gsod, bsad ‘kill’ are spliced together in Figure 3.11 

below. These exhibit the same falling contour that was illustrated for nouns in Figure 

3.5 and Figure 3.8. 

                                                            
33 Roland Bielmeier (p.c., 2008) suggests that this Balti form may be more appropriately translated 

as ‘to feed, to nourish, to raise’. 
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Figure 3.11  Rebkong Amdo (AR_04) / Pitch traces for [xsoː] gso / gsos ‘eat’ and [xsøl] 
gsod, bsad ‘kill’ 

 

In Balti, too, monosyllabic verbs exhibit the same pitch curves as 

monosyllabic nouns. The bare stem forms of the verbs [stor] stor ‘lose’ and [tsɐl] 

btsal ‘look for’ are shown in Figure 3.12 below. These show much the same pattern 

as nouns produced by the same speaker, illustrated in Figure 3.4 and Figure 3.7. 
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Figure 3.12  Balti (BM_01) / Pitch traces for [stor] stor ‘lose’ and [tsɐl] btsal ‘look for’ 

 

As I go on to demonstrate in the following chapters, for both Balti and 

Rebkong Amdo the pitch patterns for disyllabic nouns are distinctly different than 

those for disyllabic verbs. Thus it is interesting to observe that pitch is not distinctive 

in monosyllabic nouns vs. monosyllabic verbs. 

3.5 Disyllabic words 

Disyllabic words are at the heart of this study. In both Balti and Rebkong 

Amdo, disyllabic nouns, adjectives, and numerals are stressed on σ2, while disyllabic 

verbs are stressed on σ1. The acoustic correlates of these stress patterns are 

considered in Chapters 4 and 5. Here I discuss other types of evidence of stress, 
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including compounds, borrowed words, clitics, and noun-verb minimal pairs. I also 

comment on some lexical exceptions and ambiguous cases. 

3.5.1 Compound words 

Robust evidence of the correlation between lexical category, syllable position, 

and stress is provided by cases in which the same morphological and phonetic 

material is stressed differently depending on its position in a word. Compound 

numerals illustrate this beautifully. For instance, in Balti the monosyllables [χsum] 

gsum ‘three’ and [ftɕu] bcu ‘ten’ are combined to form [tɕʊχ.'sum] bcu.gsum 

(ten+three) ‘thirteen’ and [sʊm.'tɕu] gsum.bcu (three+ten) ‘thirty’ (all as produced by 

speaker BSh_03). In ‘thirteen’ it is the component meaning ‘three’ that is stressed, 

while in ‘thirty’ it is the component meaning ‘ten’ that is stressed. Regardless of 

content or meaning, stress always falls on σ2; it is linked to position in the word, not 

to segmental or semantic content. We see the same pattern in the Rebkong Amdo 

numerals, as illustrated by [tɕɤb.'dɤn] bcu.bdun (ten+seven) ‘seventeen’ and 

[ʰᵊdɤn.'tɕɤ] bdun.cu (seven+ten) ‘seventy’. 

Such pairs can be found among nouns, too. For instance, in Rebkong Amdo, 

the words chu ‘water’ and thig.pa ‘drop’ can be compounded to form [tɕʰɤ.tɨɣ] 

chu.thig ‘drop of water’ as well as [tʰɨɣ.tɕɤ] thig.chu ‘leak’ (i.e., a drop of water that 
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has come through the roof). (These forms were produced by speaker AR_05.) Stress 

is consistently on σ2, no matter which way the components are ordered. 

There are other types of word-pairs which show that an element will be 

stressed or unstressed according to its position in the word. Balti speaker BM_01 

produced the monomorphemic noun [χlʌt.'pa] klad.pa / glad.pa ‘brain’ and the 

compound noun [ŋɡo.'ʀlat] mgo.glad (head+brain) ‘brain, mind’. In the former, the 

element corresponding to klad / glad is unstressed, because it occurs in σ1; in the 

latter, the element corresponding to glad is stressed, because it occurs in σ2. Likewise 

in the nominalized form [ɕɛs.kˣan] shes.mkhan ‘expert’, the element corresponding 

to shes is unstressed, occurring in σ1 of a noun, but in the infinitive [ɕɛs.pa] shes.pa 

‘to know’ it is stressed, occurring in σ1 of a verb.  

Again, similar examples can be found in Rebkong Amdo. In the 

monomorphemic noun [thoχ.wa]34 thag.pa ‘rope’, stress falls on σ2; the semantic 

head is unstressed. But in the compound noun [xt���.'t���] lcags.thag 

(iron+rope) ‘chain’, the component corresponding to thag is now stressed because it 

is the second syllable. Again, we see that stress is associated with syllable position, 

not with segmental or semantic content. 

                                                            
34 This is among the words that could not be reliably segmented, and so could not be included in my 

acoustic analysis. The stress pattern is nonetheless perceptually quite clear. 
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3.5.2 Borrowed words 

Both Balti speakers provided borrowed nouns which are consistent with the 

σ2 stress pattern, as illustrated by the examples in Table 3.17 below. In [ho.ʈɨl] 

‘hotel’, the σ2 stress in the Balti form is the same as in the English source. However, 

when ‘teacher’, ‘bottle’ and ‘thermos’ are borrowed, English σ1 stress shifts to Balti 

σ2 stress. In the words ‘school’ and ‘film’, an epenthesized vowel serves to create a 

preferred two-syllable word from a dis-preferred one-syllable word. In [su.kul], stress 

remains on the original vowel. In the case of ‘film’, however, a native speaker of 

English might expect the resultant disyllabic word to be stressed on σ1, since this is 

the original vowel. But when the word is produced in Balti, the epenthesized vowel in 

σ2 is stressed instead; the vowel here is not a phonetically reduced one. Finally, the 

trisyllabic word [hɑs.pɨ.'ʈal] suggests a tendency for final stress in monomorphemic 

words longer than two syllables. (Though this is difficult to confirm in native Balti 

trisyllabic words, as discussed in section 3.6 below). 
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Table 3.17  Balti:  Stress in borrowed nouns 

 English Balti 

a. hotel ho.ʈɨl 
b. teacher ʈi.tɕɚ 
c bottle mbʌ.ʈɤl 
d. thermos tθar.mʊɕ 
e. school su.kul 
f. film ɸi.lim 
g. hospital hɑs.pɨ.'ʈal  

 

The examples above should be considered lightly; it is possible that these 

words were borrowed into Balti indirectly, via Urdu or some other language, and may 

preserve the stress pattern of some such intermediate language. On the other hand, 

most of them were provided by speaker BM_01 who had worked as a porter for many 

years with Western mountain climbers and was thus exposed to English directly. 

3.5.3 Clitics 

As noted in section 3.1.2, clitics do not bear stress. Thus disyllabic words 

composed of a noun + clitic – such as Balti [ndu.nu] mdun.nu ‘before, in front of’ 

and [bod.la] bod.la ‘to Tibet’ – are stressed on σ1. For such structures, both pitch and 

intensity are higher in σ1 than in σ2, as illustrated in Figure 3.13 below (Δpitch = -39 

Hz, Δintensity = -11 dB). 
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Figure 3.13  Balti cliticized noun (BSh_03) / Pitch and intensity for [bod.la] bod.la ‘to 
Tibet’ 

 

This is the inverse of the pattern observed in a typical monomorphemic noun, 

such as [mbloq.pa] ‘brog.pa ‘nomad, pastoralist’, shown in Figure 3.14 (Δpitch = 

+23 Hz, Δintensity = +5.3 dB). 
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Figure 3.14  BSh_03 / Pitch and intensity for [mbloq.pa] ‘brog.pa ‘nomad, pastoralist’ 

 

Cliticized forms in Rebkong Amdo show the same patterns. Since the locative 

clitic [=na] is non-stress-bearing, in the word [xtsɨβ.na] rtsib.na ‘beside, at the side 

of’, stress falls squarely and prominently on σ1. This is illustrated in Figure 3.15 

below. (Δpitch = -31 Hz, Δintensity = -4 dB). 
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Figure 3.15  Rebkong Amdo cliticized noun / Pitch and intensity for [xtsɨβ.na] rtsib.na 
‘beside, at the side of’ 

 

3.5.4 Noun-verb minimal pairs 

As mentioned in section 3.1.2 above, in their descriptions of Balti both Sprigg 

(1966) and Bielmeier (1988a) included a handful of noun-verb minimal pairs which 

differ only in terms of stress placement. I elicited some of these same contrasts during 

my own work with speaker BSh_03. This prompted him, over the course of a few 

days, to provide me with a larger set of minimal pairs and near-minimal pairs. In 

these, without exception, verbs are stressed on σ1, and non-verbs are stressed on σ2. 

One such near-minimal pair is illustrated in Figure 3.16 below. In the verb 

[χmɪt.pa] mid.pa ‘to devour, to swallow’, both pitch and intensity are higher in σ1 
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than in σ2; the converse is true in the noun [χmɪt.paχ] ?? ‘polo accessory for a 

horse’. 

Figure 3.16  BSh_03 / Pitch and intensity curves for [χmɪt.pa] mid.pa ‘to devour, to 

swallow’ and [χmɪt.paχ] ? ‘polo accessory for a horse’ 

 

A complete list of the noun-verb minimal pairs and near-minimal pairs 

provided by speaker BSh_03 is provided in Table 3.18 below. 
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Table 3.18  Balti noun-verb minimal pairs and near-minimal pairs 

 Gloss Lex cat Transcription WT 

a. 

to stretch V ɕkyãŋ.ma brkyang.ma 

to fill V skãŋ.ma bkang.ma ? 

foot N kãŋ.ma rkang.pa 

b. 
to clothe (trans.) V skøn.ma skon.ma 

rare A ɕkøn.mo dkon.po 

c. 
to wear (clothes) V gøn.ma gon.ma 

clothing N gøn.tɕɛs gon.chas 

d. 
to carry V kʰur.ba ’khur.ba 

bread N kʰur.ba ’khur.ba 

e. 
to be tired V xlat.pa *glad.pa 

brain N xlat.pa klad.pa / 
glad.pa 

f. 
to arrive V tʰøn.ma ’thon.ma 

high A tʰøn.mo mthon.mo 

g. 
to grind V tʰaq.pa ’thag.pa 

rope N tʰaq.pa thag.pa 

h. 
to assign a name V taq.pa btag.pa 

birch tree N staq.pa stag.pa 

i. 

to give (by hand?) V min.ma sbyin.ma ? 

to be ripe V smɪn.ma smin.ma 

eyebrow N smin.ma smin.ma 

j. 
to light, ignite V spar.ba spar.ba 

forehead N spal.ba dpral.ba 

k. 
to walk V drul.ba ’grul.ba 

vegetable garden N drum.ba ldum.ra 

l. 
to harm V χnot.pa gnod.pa 
sick person, 
patient 

N nʌt.pa nad.pa 

 
* Reconstructed Proto-Tibetan form, provided by Roland Bielmeier (p.c. 

2008). No Written Tibetan form could be identified. 
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Table 3.18 (cont.)  Balti noun-verb minimal pairs 

 Gloss Lex cat Transcription WT 

m. 
to be clean, pure V daq.pa dag.pa 

boss, head man N ndaχ.po bdag.po 

n. 
to beat V ᵊrduŋ.ma rdung.ma 

beam N ᵊʁduŋ.ma gdung.ma 

o. 
to straighten V strãː.ma srang.ma 

pea, legume N strɛn. ma sran.ma 

p. 
to get up, to rise V laŋ.ma langs.ma 

lama N la.ma bla.ma 

q. 
to ride (variation) V dʐrʊn.ma ?? 

guest N ɖrøn.pa mgron.pa 

r. 
to laugh, get wild V rgot.pa rgod.pa 

stomach N ʈro̥t.pa grod.pa 

s. 
to survive, to be 
nourished 

V χsøn.ma gson.ma 

digit (finger, toe) N sɛn.mo sen.mo 

t. 
to drip V ᵊʁzar.ba 

’dzar.ba / 
gzar.ba / 
bzar.ba 

new N sar.pʰa gsar.pa 

u. 

to devour, 
swallow 

V χmɪt.pa mid.pa 

polo accessory for 
horse 

N χmɪt.paχ ?? 

v. 
to entangle V ʈʰrɪ̥s.pa ’khris.pa 

difficult A ʈʰrɪ̥s.pa mkhregs.pa 

w. 
to fight, to wrestle V ʈʰrɪ̥l.ba ’khril.pa 

shame N ʈʰrɛ̥l.ba khrel.ba 

x. 
to shave V blaq.pa ’breg.pa 

nomad, pastoralist  N bloq.pa ’brog.pa 

y. 
to dry, evaporate V ᵊras.pa ras.pa ? 

bone N ᵊrus.pa rus.pa 
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Interestingly, with the exception of [nʌt.pa] nad.pa ‘sick person, patient’ and 

[χnot.pa] gnod.pa ‘to harm, to injure’, none of these pairs have an obvious semantic 

relationship. My consultant did not offer me minimal pairs like Sprigg’s verbal noun / 

infinitive form [rgɔs.pa] ‘needing / to need’ vs. the noun [rgɔs.pa] ‘need’. Yet in a 

dictionary of Central Tibetan like Goldstein (2001) one can easily find Written 

Tibetan forms like khur.pa ‘porter, coolie’ or ’grul.pa ‘traveler, passenger, visitor, 

guest’, similar to (d) and (k) in the table above. And, according to Bielmeier (p.c., 

2008), the word [kʰur.pa] ‘porter’ does, indeed, occur in Balti. I am not sure whether 

or not semantic cognates for other words in the list do exist in Balti, but this question 

certainly merits further investigation.35 

3.5.5 Lexical exceptions and anomalies 

Sprigg (1966) and Bielmeier (1988a) also noted that there were occasional 

lexical exceptions to the general stress pattern in Balti. I found this to be true as well; 

a few very clear lexical anomalies are briefly mentioned in Chapter 4. There were a 

number of other cases in which the stress pattern was perceptually (and acoustically) 

ambiguous. For instance, in the adjective [saːr.pʰa] gsar.pa ‘new’, the σ1 vowel is 

longer and has a higher intensity than the σ2 vowel, but the σ2 vowel has a higher 

                                                            
35 It is possible that my consultant was most eager to provide me with examples similar to the few I 

elicited, like (e) in Table 3.18, where the forms are not semantically related, and simply did not 
think the “more predictable” pairs would be of interest to me, so did not offer them. Sprigg 
(1966) and Bielmeier (1988a) include minimal pairs of both types – those in which the members 
are semantically related, and those in which they are not, the latter apparently being more 
common. 
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pitch. For a native speaker of English – accustomed to attending to all of these factors 

as cues for stress – this represents conflicting information, and it is impossible to state 

with certainty that one syllable is perceived as more prominent than the other.  

Nonetheless, such cases were in the minority. The patterns I report are based 

on exposure to a considerably larger sample than that evaluated here: less than one-

third of the words I recorded from speakers BM_01 and BSh_03 could be reliably 

segmented and analyzed, as discussed in Chapter 2. Thus my judgments are based on 

having elicited, listened to, and discussed a much larger sample. In addition, as noted 

in Chapter 2, I also elicited and closely transcribed my 500-word list with a third 

speaker of Balti; there, too, the patterns of σ2 stress on non-verbs and σ1 stress on 

verbs is overwhelming. 

3.6 Words of three or more syllables 

In sections 3.6.1 and 3.6.2 below I offer some brief and tentative remarks 

about the stress patterns which may exist in words longer than two syllables, in Balti 

and Rebkong Amdo. This is an area which certainly merits further investigation. 

3.6.1 Longer words in Balti 

Table 3.19 below offers a few examples of nouns and verbs which are 

composed of more than two syllables. The stress marks here should be considered 

tentative; acoustic cues conflict with one another, so relative syllable prominence is 

not unambiguous. At this point, I can be sure only that it would not be accurate to say 

that nouns are always stressed on the last syllable, or that verbs are always stressed on 
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the first syllable, although that would fit tidily with what is observed on disyllabic 

words. A more careful analysis is clearly needed; this should take into consideration 

morphological composition and structure. 

Table 3.19  Balti  / Words of more than two syllables 

Gloss IPA WT Composition Structure 

water drop tɕu.tʰik.pa chu.thig.pa N + N [σ1] + [σ2. σ3] ? 

kitten bi.la.pʰru byi.la.’phru N + Dimin [σ1.σ2] + [σ3] 

limbs lak.pa.ˌkã.ma lag.pa.rkang.ma N + N [σ1.σ2] + [σ3.σ4] 

to ride a horse ʂta.ˌʑøn.ma rta.zhon.ma N + V [σ1] + [σ2.σ3] 

to light a fire me.spar.ba me.spar.ba N + V [σ1] + [σ2.σ3] 

talk! converse! ˌxpe.ra.toŋ dpe.sgra.thong N + V [σ1.σ2] + [σ3] 

to rain tɕʰar.pa.tã.ma char.pa.btang.ma N + V [σ1.σ2] + [σ3.σ4] 

 

3.6.2 Longer words in Rebkong Amdo 

In listening to and examining the acoustic signals of Rebkong Amdo nouns, 

adjectives, and verbs of three or four (or in a few cases, five) syllables, I have found it 

very difficult to identify a stress pattern. In all cases, I have an impression that there is 

a primary stress on the final syllable, regardless of the length of the word – but I am 

not completely confident even of this. Furthermore, in many cases there seems to be a 

secondary stress on an earlier syllable. But I cannot be certain of this, either, as 

acoustic signals are mixed and contradictory: one syllable may have a higher intensity 

than another, but may have a shorter vowel; one syllable may have a higher pitch or a 

more dramatic pitch slope than another, but a lower intensity. I am not sure it is 

possible for a native speaker of English to draw a distinction between more prominent 
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and less prominent syllables here. And I am not sure a native speaker of Rebkong 

Amdo could do this either – as described in section 2.1.4, when I attempted to 

conduct “clapping” tests on words of only two syllables, the Rebkong Amdo speakers 

I worked with were able to count the number of syllables through clapping, but did 

not seem to understand my interest in relative syllable prominence. 

Variations in morphological composition add another level of complexity. 

Some examples are provided in Table 3.20 below. 

Table 3.20  Rebkong Amdo  / Words of more than two syllables 

Gloss IPA WT Composition Structure 

elephant ᵊlɔ.̃wo.tɕe glang.po.che N + Adj [σ1] + [σ2.σ3] ? 

white hair xtɕa.ka.ru skra.dkar.po N + Adj [σ1] + [σ2.σ3] 

sheep’s head li.ɣŋ.̩go lug.gyi.mgo N + Gen + N [σ1 + σ2] + [σ3] 

neither 
farmer nor 
nomad 

ᵊrõ.man.ɖoɣ rong.ma.’brog N + Neg + N [σ1] + [σ2] + [σ3] 

white prayer 
flag dar.tɕok.ka.ru dar.lcog.dkar.po N + Adj [σ1.σ2] + [σ3.σ4] 

crooked xtɕa.ɣa.xtɕo.ɣi kyag.ge.kyog.ge Reduplicated [σ1.σ2] + [σ3.σ4] 

to dream nyə.ləm.nyi gnyid.lam.rmi N + V [σ1.σ2] + [σ3] 

to work le.ka.le.go.kɨ las.ka.las.?? N + V +  [σ1.σ2] + [σ3] + ? 

 

Thus I have little to report on the stress patterns of words longer than two 

syllables in Balti and Rebkong Amdo. All that we can be certain of, at present, is that 

the σ1 stress observed in disyllabic verbs does not reflect a pattern of initial stress in 

verbs of all lengths; likewise the σ2 stress observed in disyllabic non-verbs does not 

reflect a pattern of final stress in non-verbs of all lengths. 
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4. Acoustic correlates of stress in Balti Tibetan 

In this chapter I present my analysis of the acoustic correlates of stress in 

Balti, based on recordings from speakers BSh_03 and BM_01. As noted in section 

2.1.1.1, speaker BSh_03 was well-educated and fluent in English, and elicitation 

sessions were focused and controlled. Consequently, patterns are clearly manifested 

and distinctions are sharp. Speaker BM_01, on the other hand, was older, uneducated, 

and sometimes mumbled or else called out words with tremendous enthusiasm. As a 

consequence, for BM_01 the four acoustic correlates exhibit a broader range in 

values, and patterns are somewhat more diffuse. In addition, I did not conduct the 

elicitation session myself, but attended and recorded a session conducted by a 

colleague for his own research purposes. Thus I was only able to record words in 

isolation; there is no data for frame forms. Despite these differences, Balti’s patterns 

of σ2 stress for nouns, adjectives, and numerals, and σ1 stress for verbs are clearly 

manifested. 

In section 4.1 I summarize my findings by lexical category: non-verbs in 

section 4.1.1 and verbs in section 4.1.2. 

The details of the analysis are presented in sections 4.2 through 4.5, organized 

by acoustic parameter. For instance, all pitch data is considered in section 4.2 – first 

for speaker BSh_03 (first nouns, then adjectives, then numerals, then verbs), and then 

for speaker BM_01 (nouns, then adjectives, then verbs). Pitch slope is likewise 

considered in section 4.3, intensity data in section 4.4 , and vowel duration data in 

section 4.5. 
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Finally, in section 3.6 I provide a recapitulation. Table 4.36 on page 323 

provides a grand summary of the role played by each acoustic parameter in conveying 

stress. 

4.1 Summary of acoustic correlates of stress in Balti 

The acoustic correlates of stress are summarized for non-verbs in section 

4.1.1, and for verbs in section 4.1.2. 

4.1.1 Non-verbs 

Nouns, adjectives, and numerals are all clearly stressed on σ2, in sharp 

contrast to verbs, which are stressed on σ1. For both Balti speakers, the analysis of 

nouns is based on a fairly large sample. The set of adjectives and numerals which 

were recorded and which could be analyzed is quite limited. Nonetheless, it is 

sufficient to demonstrate that words in these lexical categories behave acoustically 

like nouns, and not like verbs. 

4.1.1.1 Nouns 

For both Balti speakers, I recorded more tokens of nouns than of any other 

lexical category. 

For speaker BSh_03, I was able to segment and analyze 77 isolation forms 

and 64 frame forms. These groups included more than thirty monomorphemic forms 

– such as [tut.'pa] dud.pa ‘smoke’, [ɓaχ'mo] bag.mo ‘bride’, and [ra.'ma] ra.ma ‘goat’ 

– and more than thirty compound forms – such as [le.'mik] lde.mig ‘key’ (?+eye), 
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[tɕa.'pʰe] ja.phye ‘tsampa’ (tea+flour), and [pʰaq.'ʃa] phag.sha ‘pork’ (pig+meat). 

There was also one reduplicated form ([ɕoq.'ɕoq] shog.shog ‘paper’), and a few 

borrowed words (such as [ti.'tɕər]̥ ‘teacher’ – from English – and [mu.'tik] mu.tig 

‘pearl’ – a Middle Indian loan from Sanskrit mauktika- 36). 

From speaker BM_01, I was able to segment and analyze 72 disyllabic nouns. 

This set included 39 monomorphemic nouns – such as [ᵊspal.'ba] dpral.ba ‘forehead’, 

[ɓɔŋ̃.'bu] bong.bu ‘donkey’, and [ɓo.'ŋo] pu.mo ‘girl’ – and 19 compound nouns – 

such as [nas.'pᶲe] nas.phye (barley+flour) ‘barley flour, tsampa’, [ŋgo.'rɛl] mgo.ral 

(head+hair knot) ‘hair on the head’, [ᵊrgyam.'so] rgya.mtsho (vast+lake) ‘big river’, 

and [byaβ.'ʑøn] bya.bzhon (chicken+egg) ‘egg’. There were also two nominalized 

forms – [ɕɛs.'kˣan] shes.mkhan ‘wise person; one who knows’ and [ɬtsaŋ.'kʰan] 

bslangs.mkhan † / ltsang.mkhan? ‘beggar, mendicant; one who begs’ – and a handful 

of borrowed nouns, including [mɛr.'man] ‘foreigner, guest’ from Urdu; [mbʌ.'ʈɤl] 

‘bottle’ from English; and the reduplicated noun [tɕu.'tɕu] ‘breast’ from Burushaski 

(p.c., Bielmeier 2008). 

For speaker BSh_03, isolation and frame forms show the same patterns. The 

only acoustic cue for σ2 stress is pitch, which shows a robust and reliable correlation. 

Pitch slope and intensity are definitively not correlates of stress. For vowel duration, 

                                                            
36 Thanks to Roland Bielmeier for this etymological information (p.c. 2008). 
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the subset which remains once vowel quality and syllable closure type are controlled 

for contains only a few tokens; these tokens show no evidence of a correlation with 

stress. 

For speaker BM_01, pitch is higher on σ2 for most nouns, and is again the 

most consistent and reliable correlate of stress. Intensity is higher on σ2 only under 

limited, controlled conditions (i.e., only in those words with vowels of the same 

height in both syllables). Pitch slopes downward fairly steeply in σ2 in most nouns, 

but I believe this is an artifact of the final falling intonation contour rather than a 

correlate of stress. Nothing at all can be concluded about the potential role of vowel 

duration: since words were recorded only in isolation, there was no way to tease out 

the effects of utterance-final lengthening. Syllable closure also influences vowel 

duration. 

4.1.1.2 Adjectives 

The sample of adjectives recorded from speaker BSh_03 was quite small: only 

eight isolation forms and seven frame forms could be segmented and analyzed. All of 

these are monomorphemic, such as [tʰon.'mo] mthon.mo ‘high’ and [mar.'pʰo] 

dmar.po ‘red’. A larger set of adjectives (n=26) was recorded from speaker BM_01, 

including monomorphemic: [leaʀ.'mo] legs.mo ‘good’; compound: [sŋo.'raŋ] 
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sngo.rang ‘blue color’ (with rang a loan from Urdu / Persian37); reduplicated: 

[ʈʰäk.'ʈʰäk] ?? ‘fat’; and borrowed: [sas.'ta] ‘cheap, inexpensive’ (from Hindi). 

Like nouns, adjectives in Balti are stressed on the second syllable. Pitch is a 

robust acoustic correlate of this stress pattern for both speakers. It can be 

demonstrated that intensity and vowel duration are not correlates of stress for speaker 

BM_01, but for BSh_03, the data set is too small for any determination to be made. 

Pitch slope does not convey stress for either speaker; for BSh_03, pitch slope reflects 

the contrast in pitch across syllables, and for BM_01 pitch slope reflects an utterance-

final falling intonation. 

4.1.1.3 Numerals 

Numerals in Balti behave like nouns and adjectives, with a clear stress on σ2 

conveyed primarily by pitch. Intensity is definitively not a correlate of stress. The 

sample is too small and too constrained to determine the potential roles of either pitch 

slope or vowel duration. 

Numerals were recorded only from speaker BSh_03, and only in isolation. 

The disyllabic forms which could be analyzed are all compounds: the teens, such as 

[tɕu.'ruk] bcu.drug ‘sixteen’, and the tens, such as [ᵊʁaf.'tɕu] lnga.bcu ‘fifty’. In the 

pair [tɕʊχ.'sum] bcu.gsum ‘thirteen’ and [xsʊm.'tɕu] gsum.bcu ‘thirty’, the same 

elements are combined in reverse order, confirming that stress is governed by syllable 

position rather than by segmental or semantic content. 

                                                            
37 Etymology from Bielmeier (p.c., 2009) 
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4.1.2 Verbs 

Verbs in Balti Tibetan are stressed on σ1, in stark contrast to the nouns, 

adjectives, and numerals discussed above. 

For speaker BSh_03, all but one of the more than thirty verbs recorded were 

citation forms, composed of a verb stem followed most often by [-pa], [-ma], or [-ba], 

and occasionally by [-pʰa] or [-ʋa]. Examples include [mɪn.ma] sbyin.ma? ‘to give’; 

[kʰur.ba] ’khur.ba ‘to carry’; and ['çte.ʋa] ?? ‘to raze, to destroy’. The latter is the 

only one of the citation forms in which σ1 is open. The one verb with a Noun + 

Verbalizer morphological structure is the form ['za:n.za] zan.za ‘to eat food’, 

composed of ‘food’ + ‘eat’. This is also the only verb with a long vowel in either 

syllable. 

Many of the verbs elicited from speaker BM_01 were given as monosyllabic 

forms (e.g., [ŋus] ngus ‘cry’; [tʰɔn] thon? ‘arrive’) or as trisyllabic N+Vblzr forms 

(e.g., [baχ.ston byas] bag.ston.byas ‘to marry’; [nyi.lam tʰoŋ] nyi.lam.thong ‘to 

dream’). Of the disyllabic forms, many included glides (e.g., [ᵊrda.wa] rda.pa? / 

rda.ba? ‘to kill’; [laz.bya] las.bya ‘to work’ ), and so could not be segmented for 

analysis. In the end, only fourteen verbs could be analyzed, including both citation 

forms (e.g., ['spar.ba] spar.ba ‘to light [a fire], to ignite’) and N+Vblzr forms (e.g., 

['skat.zer] skad.zer ‘to call, shout’). 
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For the non-verbs, pitch was the only robust correlate of stress. But this is not 

the case for verbs. Intensity is a very strong cue for stress in verbs produced by both 

speakers. Vowel duration is also generally longer in σ1 – and this despite factors such 

as syllable closure and vowel height which are predicted to favor a longer vowel in 

σ2. Pitch slope is not a correlate of stress for either speaker; the slope patterns 

observed reflect the interaction of lexical pitch with utterance-level intonation. 

4.2 Pitch 

Pitch is a strong correlate of stress for all lexical categories, for both Balti 

speakers considered. For speaker BSh_03, analysis of nouns, adjectives, numerals, 

and verbs produced in isolation, and nouns, adjectives, and verbs produced within the 

sentence frame, are presented in section 4.2.1.  

For speaker BM_01, analysis of nouns, adjectives, and verbs produced in 

isolation are presented in section 4.2.2. For this speaker, the magnitude of the pitch 

contrast across syllables is influenced by whether σ2 is open or closed. The intrinsic 

variation of pitch as a function of vowel height does not appear to play a significant 

role. 

4.2.1 Pitch for speaker BSh_03 

For speaker BSh_03, pitch is the primary cue for stress for both isolation and 

frame forms, for all lexical categories. With only a few exceptions, pitch alone would 

be sufficient to convey stress.  



156 

 

For isolation forms, the general pattern of pitch contrasts across syllables is 

illustrated in Figure 4.1 below. (Numerals are not included here for lack of graphical 

space, but are addressed separately in section 4.2.1.3.) Pitch clearly distinguishes the 

σ2 stress perceived on non-verbs from the σ1 stress perceived on verbs. 

Figure 4.1  BSh_03 / Isolation:  Pitch contrasts 

 

Pitch contrasts for BSh_03 frame forms are illustrated in Figure 4.2 below. 

The pitch range on the target word is more tightly constrained within the fixed 

context of the carrier sentence; for the non-verbs, the boxes are more compact and the 

range of values is narrowed. 
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Figure 4.2  BSh_03 / Frame:  Pitch contrasts 

 

As reported by Lehiste (1970: 68) and discussed in section 2.3.2.1, pitch 

(fundamental frequency) varies inherently as a function of vowel quality: F0 tends to 

be higher on high vowels, and lower on low vowels. For words of all lexical 

categories produced by speaker BSh_03, though, any such variation is moot: it is 

never sufficient to yield a higher pitch on the unstressed syllable. The correlation 

between pitch and stress is robust. 

Pitch data for BSh_03 nouns, adjectives, numerals, and verbs are discussed in 

greater detail in sections 4.2.1.1 through 4.2.1.4 below. 

4.2.1.1 BSh_03 Nouns 

For speaker BSh_03, pitch is higher on σ2 for nearly all nouns, regardless of 

origin or morphological structure, and regardless of whether they were produced in 
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isolation or in the sentence frame. As shown in the top part of Figure 4.3 below, the 

points define a fairly tight cluster for both settings, reflecting this speaker’s consistent 

production; pitch ranges from ~100 to ~120 Hz for σ1, and from ~120 to ~140 Hz for 

σ2. The only exception among the isolation forms is [ŋgøn.'tɕɛs] gon.chas ‘clothing’, 

which lies squarely on the dashed line. The only exception among the frame forms is 

[xpe.'ra] dpe.sgra ‘conversation, talk’; for this word, the pitch is a trivial 2 Hz higher 

on the vowel in σ1. This consistent correspondence between higher pitch on σ2 and 

perceived stress on σ2 means that pitch is a strong cue for stress. Most points even 

fall to the right of the dotted reference line at “Pitch difference = +10 Hz”. 

The box-and-whisker plots in the bottom part of Figure 4.3 show that there is 

no overlap of the notches – representing the 95% confidence interval about the 

median – or of the boxes – representing the interquartile range. 
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Figure 4.3  BSh_03 / Nouns:  Pitch 
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The results of paired-sample t-tests for isolation and frame forms are 

summarized in Table 4.1 below. Since the p-values are << 0.05, we must reject the 

null hypothesis – which asserts that there is no difference between the two syllables – 

and conclude that the contrast in pitch is statistically significant. It is also perceptually 

significant: the mean increase in pitch from σ1 to σ2 is 23 Hz for isolation forms and 

20 Hz for frame forms, and the smallest probable mean difference across syllables is 

18 Hz. 

Table 4.1  BSh_03 / Nouns / Pitch: results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 

lower upper 

BSh_03 
isolation 22.0007 76 < 2.2e-16 23 21 25 

frame 19.738 63 < 2.2e-16 20 18 22 

 

4.2.1.2 BSh_03 Adjectives 

Pitch differences across syllables for BSh_03 adjectives are plotted in Figure 

4.4 below. Without exception, pitch is higher in σ2, the stressed syllable, and in most 

cases the difference is greater than +10 Hz. For the isolation forms, the extent of the 

boxes and the whiskers in the bottom part of the figure reflect the wide range in 

values for both syllables. The distinction is more crisp for the frame forms, with no 

overlap of either the notches or the boxes. 
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Figure 4.4  BSh_03 / Adjectives:  Pitch 
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Paired-sample t-tests, summarized in Table 2.7 above, confirm that the 

contrast in pitch across syllables is statistically significant. Even though the sample 

size is quite small, p << 0.05 for both isolation and frame forms. The contrast in pitch 

is also perceptually significant, averaging 18 Hz. Thus it is quite clear that pitch is a 

robust correlate of the σ2 stress perceived on adjectives produced by speaker BSh_03. 

Table 4.2  BSh_03 / Adjectives / Pitch: results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 

lower upper 

BSh_03 
isolation 7.7709 7 0.0001097 18 12 23 

frame 10.1103 6 5.441e-05 18 14 23 

 

4.2.1.3 BSh_03 Numerals 

For numerals, too, pitch is uniformly higher on σ2 – the stressed syllable – as 

illustrated in Figure 4.5. In the distribution plot on the left below, all points fall to the 

right of the dashed “Pitch difference = 0” line, and even to the right of the dotted 

“Pitch difference = +10 Hz” reference line. In the box-and-whisker plot on the right, 

there is no overlap of either the notches or the boxes. 
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Figure 4.5  BSh_03 / Numerals:  Pitch 

 

A paired-sample t-test, summarized in Table 4.3 below, confirms the 

significance of the contrast in pitch across syllables: p << 0.05; the mean difference in 

pitch is 21 Hz. 

Table 4.3  BSh_03 / Numerals / Pitch: results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 

lower upper 
BSh_03 isolation 15.3106 8 3.287e-07 21 18 24

 

Thus for numerals, as for the other non-verbs, pitch is a robust correlate of the 

perceived σ2 stress pattern. 
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4.2.1.4 BSh_03 Verbs 

Pitch contrasts across syllables for BSh_03 verbs are plotted in Figure 4.6 

below. In isolation and in the sentence frame, all points fall to the left of the dashed 

line. That is, for all verbs, pitch is higher on σ1, the stressed syllable. 

In the distribution plots, the isolation forms define a clear vertical band: pitch 

in σ1 is highly variable, ranging from ~110 Hz to ~160 Hz, but in σ2 pitch is tightly 

constrained between 85 Hz and 103 Hz. This suggests a baseline pitch level for this 

speaker of ~85 Hz. The frame forms define a slightly more diffuse vertical band, with 

σ2 pitch ranging from 87 Hz to 114 Hz. 

In isolation, the lone N+Vblzr form – ['zaːn.za] zan.za ‘to eat food’ – plots 

among the citation forms. In the sentence frame, though, it is distinct from the others, 

falling much closer to the “zero” line with a pitch difference of only -4 Hz. I have 

excluded this form from the box-and-whisker plots and the statistical tests below. It is 

unique not only in its morphology, but also as the only verb token with a long vowel 

in either syllable (see section 4.5.1.4). It cannot be assumed to manifest the same 

acoustic properties as the citation forms, and so cannot be grouped together with 

them. Thus nothing at all can be said about the BSh_03 N+Vblzr verbs. 
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Figure 4.6  BSh_03 / Verbs:  Pitch 
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The box-and-whisker plots above show that the distinction in pitch across 

syllables is dramatic, with no overlap of any points in the full range of measured 

values. Paired-sample t-tests are summarized in Table 4.4 below. For both isolation 

and frame forms, the difference in pitch is statistically highly significant, with p << 

0.05. It is also perceptually highly salient, averaging -45 Hz for the isolation forms 

and -35 Hz for the frame forms. Thus pitch is a robust and dramatic cue for σ1 stress 

in verbs produced by speaker BSh_03. 

Table 4.4  BSh_03 / Verbs / Citation / Pitch: results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean 

diff (Hz) 
95 % conf. limits 
lower upper 

BSh_03 * 
isolation -24.3064 34 < 2.2e-16 -45 -49 -41 

frame -22.3284 30 < 2.2e-16 -35 -38 -32 

* The lone BSh_03 N+Verbalizer form was excluded. 

 

4.2.2 Pitch for speaker BM_01 

As noted previously, acoustic parameters show less consistency for speaker 

BM_01, since target words were sometimes mumbled, drawled, exaggerated, or 

produced in triumphant contrast to initial “erroneous” responses to a 

misunderstanding of the word requested during elicitation. Nonetheless, here, too, 

pitch shows a clear correlation with stress for all lexical categories. 

The overall patterns of pitch contrast across syllables are illustrated in Figure 

4.7 below. For the non-verbs – stressed on σ2 – pitch is generally higher on σ2. For 
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the verbs – stressed on σ1 – pitch is generally higher on σ1. These patterns are 

discussed in greater detail in sections 4.2.2.1 through 4.2.2.3 below. 

Figure 4.7  BM_01 / Pitch contrasts 

 

4.2.2.1 BM_01 Nouns 

Pitch differences across syllables for BM_01 nouns are illustrated in Figure 

4.8 below. Almost all of the nouns have a higher pitch on σ2 – the stressed syllable – 

and thus fall to the right of the dashed “Pitch difference = 0” line. In some of them, 

though, the pitch difference is not even 10 Hz, as indicated by the dotted reference 

line. In the box-and-whisker plot to the right, there is a slight overlap of the boxes 

representing the interquartile ranges on the two syllables. But the notches do not 
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overlap at all, indicating that there is a significant difference between the median 

pitch of σ1 and the median pitch of σ2. 

Figure 4.8  BM_01 / Nouns:  Pitch 

 

The points in the distribution plot above define a rough linear trend parallel to 

the dashed line, reflecting variability in the speaker’s overall pitch level throughout 

the recording session, but consistency in the magnitude of the pitch contrast across 

syllables. That is, if the speaker began a word with a low pitch on σ1, then the pitch 

on σ2 would be higher, but still relatively low; if the speaker began a word with a 

high pitch on σ1, then the pitch on σ2 would be higher, and also relatively high. For 

instance, [ᵊrɣa.'χan] dga’.mkhan ‘friend’ and [ʈiʋ.'ɕil] ?.dril? ‘bell’ show nearly the 

same pitch increase across syllables – 21 Hz and 24 Hz respectively – yet fall at very 
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different positions on the graph: [ᵊrɣa.'χan] at (σ2, σ1) coordinates (150, 129), and 

[ʈiʋ.'ɕil] at (194, 170). 

One of the factors which influences this distribution is whether the final 

syllable of the word is open or closed. When σ2 is open, pitch stays at a high level 

only briefly, and then arcs downward through the end of the utterance. The pitch trace 

for the noun [broq.pa] ’brog.pa ‘nomad, pastoralist’ in Figure 4.9 below is an 

example.38 Here, pitch is at ~170 Hz at the start of the vowel, but after ~40 msec near 

that level, begins to decline. The mean pitch over the medial 50% of the vowel is 163 

Hz, and the slope over the vowel was measured as -47 Hz/100msec. Since the pitch in 

the σ1 vowel was measured as 154 Hz, the difference in pitch across syllables is only 

9 Hz. This noun is represented in the graph above by a point which falls fairly close 

to the dashed line. 

                                                            
38 In these figures, pitch is represented by a solid line, and intensity by a dashed line. 
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Figure 4.9  BM_01 / Nouns / Pitch trace: [broq.pa] ’brog.pa  ‘nomad, pastoralist’ 

 

In contrast, in the word [ŋgo.ʁlat] mgo.glad ‘brain, mind’, σ2 is closed. In 

this case, as illustrated in Figure 4.10 below, the pitch over the vowel remains high – 

averaging 174 Hz – and the utterance-final decline does not begin until the coda 

consonant is reached. Since pitch was measured for the vowel in σ1 as 149 Hz, the 

difference in pitch across syllables is 25 Hz. 
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Figure 4.10  BM_01 / Nouns / Pitch trace: [ŋgo.ʁlat] mgo.glad  ‘brain, mind’ 

 

Based on whether σ2 is open or closed, then, BM_01 nouns behave quite 

differently in terms of pitch contrast across syllables. The general pattern is illustrated 

in Figure 4.11 below. When σ2 is closed, as shown in the plot on the right, nearly all 

nouns have a pitch contrast of more than 10 Hz. There were only a few exceptions – 

including [dʑʌŋ.gɐl] ‘jungle’ and [kʰa.ɕär]̥ ?? ‘mule’ – which plot close to the 

dashed line. (Pitch is quite low on both syllables of these words, as is intensity; they 

were probably instances of mumbling.) When σ2 is open, as shown in the plot on the 

left, the difference in pitch across syllables is sometimes < 10 Hz, but is often smaller, 
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and sometimes pitch is even higher on σ1, as is the case with [sɛn.ma] sen.mo 

‘finger’, [thu.lu] thu.lu ‘eweskin coat’, and several others. 

Figure 4.11  BM_01 / Nouns:  Pitch vs. σ2 closure 

 

Paired-sample t-tests comparing pitch measurements across syllables are 

summarized in Table 4.5 below. For the complete set of 72 nouns, the contrast in 

pitch is highly significant, with p >> 0.05, with a mean difference of 16 Hz. If one 

were to repeatedly record random samples of nouns from speaker BM_01 and 

compare pitch across syllables for each group, there is a 95% probability that the 

mean difference would fall between 13 Hz and 19 Hz. When the nouns are considered 

separately, in terms of σ2 closure, the pitch contrast is again significant, in both cases 

but of course the mean difference is much greater when σ2 is closed (24 Hz) then 
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when σ2 is open (11 Hz). In either case, pitch can be considered a statistically 

significant correlate of σ2 stress. 

Table 4.5  BM_01 / Nouns / Pitch:  Results of paired-sample t-tests (two-tailed) 

Speaker Subset t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 
lower upper 

BM_01 

all 11.0504 71 < 2.2e-16 16 13 19 

σ2 open 7.1379 43 8.129e-09 11 8.5 15 

σ2 closed 10.4619 26 8.211e-11 24 19 29 

 

Since some of the σ2-open nouns show only a small increase in pitch across 

syllables, it is worth a closer look to determine whether the distribution is further 

influenced by contrasts in vowel height across syllables. As discussed in section 

2.3.2.1, Lehiste (1970) has observed that high vowels tend to have an intrinsically 

high fundamental frequency, and low vowels tend to have an intrinsically low 

fundamental frequency. In Figure 4.12 below, the σ2-open nouns are plotted in terms 

of vowel height. If vowel height played a dominating role here, in the plot on the left 

we would expect to see a very clear distinction between [higher.lower] (such as 

[pʰɯŋ.ma] phying.pa ‘wool felt’) and [lower.higher] nouns (such as [ɕoɣ.ʋu] 

shog.bu ‘book, paper’), which does not appear to be the case.  
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Figure 4.12  BM_01 / Nouns / σ2 Open:  Pitch vs. vowel height 

 

When vowel height is controlled for in the σ2-open nouns (as in [tɕʰo.lo] 

cho.lo ‘dice’, the results of a paired-sample t-test, summarized in Table 4.6 below, are 

not much different than those for the full set of nouns with σ2 open (see Table 4.5); 

the contrast in pitch is statistically significant, but sometimes not of very great 

magnitude. 

Table 4.6  BM_01 / Nouns / σ2 Open /Pitch:  Results of paired-sample t-tests (two-tailed) 

Speaker Subset t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 
lower upper 

BM_01 
same 
height 

6.0334 18 1.053e-05 13 8.4 17 
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4.2.2.2 BM_01 Adjectives 

Pitch is also a consistent correlate of stress in adjectives produced by speaker 

BM_01. In the distribution plot in Figure 4.13 below, nearly all points fall to the right 

of the dashed line. Again, though, for many of the monomorphemic forms, the 

increase in pitch across syllables is < 10 Hz. 

Figure 4.13  BM_01 / Adjectives:  Pitch 

 

The overlap of the boxes and whiskers in the plot to the right above indicates 

that the aggregate of values measured on the two syllables overlap in range. The 

notches overlap slightly, as well, meaning that the median values for the two syllables 

are not significantly different. 

However, when paired values are considered – i.e., when σ1 and σ2 pitch 

measurements from each word are compared – the contrast in pitch is found to be 
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consistent. As shown in Table 4.7 below, p << 0.05 and the mean difference across 

syllables is 15 Hz. If samples were repeatedly recorded and analyzed, there is a 95% 

probability each time that the mean pitch difference would fall between 10 and 21 Hz.  

Table 4.7  BM_01 / Adjectives / Pitch: results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 

lower upper 
BM_01 isolation 6.132 25 2.071e-06 15 10 21

 

What can be concluded from this analysis is that pitch is a statistically 

significant correlate of the perceived σ2 stress pattern, but the contrast in pitch is not 

always particularly strong. 

 

As was the case with nouns, some elements of the behavior of pitch in 

adjectives can be accounted for by considering whether σ2 is open or closed. There 

are only five adjectives in which σ2 is closed, but – as shown in Figure 4.14 below – 

the difference in pitch across syllables for all of them is > 10 Hz.  
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Figure 4.14  BM_01 / Adjectives:  Pitch vs. σ2 closure 

 

Four of these are the reduplicated forms; the fifth is the color term [sŋo.raŋ] 

sngo.rang ‘blue color’39. In these cases, pitch is apparently elevated in the σ2-closed 

adjectives because the coda cuts off the terminal falling intonation contour. This is 

illustrated in the pitch trace for [ʈʰäk.ʈʰäk] mthag.mthag ? ‘fat’, in Figure 4.15 below. 

                                                            
39 rang ‘color’ is borrowed from Urdu. (Bielmeier p.c., 2008). 
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Figure 4.15  BM_01 / Adjectives / Pitch trace: [ʈʰäk.ʈʰäk] mthag.mthag? ‘fat’ 

 

In contrast, when σ2 is open, pitch reaches a peak value and then declines 

steadily, as illustrated by [tɕʰun.tse] chung.tshad? ‘small, little’ in Figure 4.16 below. 
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Figure 4.16  BM_01 / Adjectives / Pitch trace: [tɕʰun.tse] chung.tshad? ‘small, little’ 

 

 

The intrinsic variation of pitch as a function of vowel height, on the other 

hand, does not appear to have a strong influence on pitch contrasts. In Figure 4.17 

below, the distribution of points is about the same regardless of whether pitch is 

higher in one syllable or the other, or the same in both syllables. 
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Figure 4.17  BM_01 / Adjectives:  Pitch vs. vowel height contrast 

 

4.2.2.3 BM_01 Verbs 

Pitch is also a consistent correlate of the σ1 stress perceived on BM_01 verbs. 

In this case, there is sufficient evidence to demonstrate a distinction between 

morphological types. 

In the graph on the left side of Figure 4.18 below, all verbs have a higher pitch 

on σ1 and so plot to the left of the dashed line. The citation forms and N+Vblzr forms 

seem to define different patterns. The citation forms define a vertical band: pitch in 

σ1 varies widely, ranging from ~160 Hz to ~220 Hz, while pitch in σ2 always falls 

within a narrow range, between ~100 Hz and 115 Hz; this may be near the speaker’s 

baseline pitch level. The distribution of the N+Vblzr forms, in contrast, roughly 

parallels the dashed “Pitch difference = 0” line. As discussed for BM_01 nouns 
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(Figure 4.8), this means that the relative contrast in pitch across syllables is kept fairly 

constant, even when the absolute values differ from word to word. 

Figure 4.18  BM_01 / Verbs:  Pitch 

 

The distinction between citation forms and N+Vblzr forms is confirmed by 

the graph on the right above. Here, the difference in pitch across syllables is plotted 

against the difference in intensity across syllables. Intensity will be considered in 

greater detail in section 4.4.2, but I include this plot here to demonstrate that the two 

morphological types occupy very different acoustic spaces. This acoustic distinction 

is confirmed by the Welch t-tests summarized in Table 4.8 below. As shown, pitch 

declines, on average, a spectacular 84 Hz from σ1 to σ2 in the citation forms. In the 

N+Vblzr forms, the average pitch drop from σ1 to σ2 is 22 Hz, which is considerably 

less, though still highly salient. When these mean pitch differences are compared 
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using a Welch t-test, the fact that the p-value << 0.05 indicates that there is a 95% 

certainty that these means do not represent samples from a single, common 

population. The confidence limits indicate that, under repeated sampling, the mean 

difference between these mean differences will be between 78 Hz and 43 Hz. 

Similar results are observed for intensity. For the citation forms, intensity 

drops 14 dB between σ1 and σ2; for N+Vblzr forms, the drop is ~4 dB. This 

difference in differences is highly significant, since p << 0.05. Given the results of 

these t-tests, BM_01 citation forms and N+Vblzr forms are treated separately in the 

graphs and analyses which follow. 

Table 4.8  BM_01 / Verbs: t-tests comparing stress correlates vs. morphological 
category (Welch) 

Stress 
correlate 

t DF * p-value 
Citation 

mean 
N+Vblzr 

mean 
95 % conf. limits 
lower upper 

Pitch -7.7129 11.857 5.869e-06 -84 -23 -78 -44 

Intensity -6.099 11.53 6.34e-05 -14 -3.7 -14 -6.9 

  * In the Welch two-sample test, the ‘degrees of freedom’ does not always turn out to be an 
integer. 

An explanation for the distinct acoustic behavior of these two types of verbs 

may lie in the difference in semantic content across syllables. In the citation forms, all 

of the important semantic information is carried in σ1 (as was the case with 

monomorphemic nouns and adjectives). Since σ2 is always a variant of [-pa] or         

[-ma], it can be muted or reduced. The only real role of this syllable, it seems, is to 

make clear to the listener that the word is structurally and phonologically a verb. To 

achieve this, σ2 need only have a distinctly lower pitch and intensity than σ1. The 
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segmental content is less important than the acoustic contrast, which the speaker thus 

emphasizes. In the case of the N+Vblzr forms, both syllables have meaning, both 

syllables have important segmental content, and so both must be articulated fully. 

Since both syllables are thus produced with their own strong pitch and intensity, the 

contrast in these parameters across syllables is reduced and the points plot closer to 

the origin. 

The contrasts in pitch across syllables for the two morphological types of 

verbs are illustrated by boxplots in Figure 4.19 below. For citation forms, pitch values 

do not overlap at all. As noted above, the eight pitch measurements on σ2 fall within 

a very narrow range, which may represent this speaker’s baseline pitch level. 

In the N+Vblzr forms, in contrast, the aggregate of values measured 

independently on the two syllables do show some overlap, as do the notches 

representing the 95% confidence interval about the median. However, this does not 

reflect the contrast in values paired across the two syllables of individual words. 

(Besides, we already know from the graphs in Figure 4.18 that pitch is always higher 

in σ1.) 



184 

 

Figure 4.19 BM_01 / Verbs:  Pitch contrasts vs. morphological category 

 

As shown in the table below, paired-sample t-testing confirms that the 

difference in pitch across syllables for BM_01 N+Vblzr forms is indeed significant, 

with p < 0.05. Even the smallest probable mean decrease in pitch across syllables of 

just 10 Hz – the upper 95% confidence limit – likely constitutes a distinct enough 

pitch fall for a listener to be confident that this is a verb, rather than a noun or 

adjective. For the citation forms, too, p << 0.05, and the mean pitch difference is -84 

Hz. 
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Table 4.9  BM_01 / Verbs / Pitch:  Results of paired-sample t-tests (two-tailed) 

Speaker subset t DF p-value 
Mean 

diff (Hz) 
95 % conf. limits 
lower upper 

BM_01 
citation -13.2523 7 3.258e-06 -84 -98 -69 

N+Vblzr -68.70 5 0.005045 -23 -35 -10 

 

4.3 Pitch slope 

Pitch slope is not an acoustic correlate of stress for either Balti speaker, for 

words of any lexical category. 

This fact can be most effectively established by previewing some of the data 

from Rebkong Amdo Tibetan, which is discussed in greater detail in Chapter 5. In 

Rebkong Amdo, pitch slope is a primary cue for σ2 stress in nouns produced in 

isolation. Upon first hearing this dialect in the field, I was immediately struck by this 

characteristic. 

Figure 4.20 below shows pitch slope measurements for isolation forms of 

nouns produced by Rebkong Amdo speaker AR_05, coded in terms of whether σ2 is 

open or closed. The graph reveals a high degree of consistency, especially for the 

nouns with σ2 open. What this shows is that the speaker manipulates pitch slope with 

some precision. In fact, the clustering of points suggests that the speaker is aiming 

towards a target: a flat or very gentle slope on σ1, and a slope of ~ -20 Hz/100msec in 

σ2. 
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When σ2 is closed, some portion of the downward slope is borne by the coda, 

so there is greater variability in the duration and degree of slope which occurs within 

the σ2 nuclear vowel. 

Figure 4.20  AR_05 / Nouns / Isolation:  Pitch slope 

 

Thus when pitch slope is a robust correlate of stress – as it is in Rebkong 

Amdo – there is a distinctive and consistent relationship between the slopes on the 

two syllables. In words which plot above the x-axis in Figure 4.20, pitch in σ1 slopes 

upward, and pitch in σ2 slopes downward. In words which plot below the x-axis – but 

still to the right of the dashed line – pitch in σ1 slopes downward, and pitch in σ2 

slopes downward even more steeply. In either case, pitch in σ2 is “more downward”. 
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In Balti, there are, indeed, differences in pitch slope across the two syllables 

of a word, and these differences are often statistically significant and in many cases 

probably also perceptually significant. However, they are not contextually significant. 

For speaker BSh_03, the pitch slope pattern is not distinct from the pitch pattern 

specific to each lexical category. Thus the plots illustrating pitch slope measurements 

for this speaker – presented in section 4.3.1 below – bear little resemblance to the 

plots for Rebkong Amdo speaker AR_05, above. For speaker BM_01, the pitch slope 

pattern is not distinct from the intonation pattern, which is the same in all lexical 

categories. Plots illustrating pitch slope measurements are actually quite similar to 

those for speaker AR_05, though they diverge in some respects. 

Since pitch slope for the two Balti speakers is somewhat variable and is 

influenced by a number of factors, the discussion below is more descriptive than 

analytical. Results for speaker BSh_03 are presented in section 4.3.1, followed by 

results for speaker BM_01 in section 4.3.2. 

4.3.1 Pitch slope for speaker BSh_03 

Pitch slope contrasts for the isolation forms of BSh_03 nouns, numerals, and 

verbs are illustrated in the box-and-whisker plots in Figure 4.21 below. (Adjectives 

are not included here, but are addressed separately in section 4.3.1.2.) It is important 

here not to focus only on the trends suggested by the median values, but to bear in 

mind the distribution represented: each hinge of the box represents 25% of the 

measurements, as does each whisker. It is also important to recall – as discussed in 

section 2.5.1.1 – that when a box-and-whisker plot indicates that values on the two 
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syllables of a set of words are different, then indeed, they are different. But when a 

box-and-whisker plot does not indicate a clear difference, this means that the range of 

the aggregate of values on each syllable is similar, but a more careful examination of 

paired values is required. 

It is clear here that non-verbs and verbs exhibit distinctly different patterns. 

For nouns, pitch on σ1 almost always slopes downward, while pitch on σ2 usually 

slopes upward but sometimes slopes downward. For numerals, pitch on σ1 is usually 

downward, and pitch on σ2 is always upward. In contrast, for verbs the pitch on σ1 

slopes upward half the time and downward half the time; the median value indicates a 

level pitch. For σ2, pitch always slopes downward. 

Figure 4.21  BSh_03 / Isolation:  Pitch slope contrasts 
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The BSh_03 frame forms show similar but more subdued patterns, as 

illustrated in Figure 4.22 below. 

Figure 4.22  BSh_03 / Frame:  Pitch slope contrasts 

 

As demonstrated for each lexical category in sections 4.3.1.1 through 4.3.1.4, 

the pitch slope patterns observed are a by-product of the pitch contrasts across 

syllables, and of the utterance level intonation patterns. There is no independent 

correlation between pitch slope and stress. In the sections below, I describe the 

observed patterns and attempt to explain their origins. 

4.3.1.1 BSh_03 Nouns 

Pitch slope measurements for isolation and frame forms of BSh_03 nouns are 

illustrated in Figure 4.23 below. The solid lines which mark the median values in the 
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box-and-whisker plots helpfully depict the dominant trends. For the isolation forms, 

in general, pitch slopes downward in σ1, and slopes upward in σ2. For the frame 

forms, in general, pitch slopes downward in σ1, and also slopes downward in σ2, but 

not as steeply. The whiskers represent 25% of the values measured on each syllable. 

For σ2 in the isolation forms, the whisker extending below the “0” line represents the 

minority of cases in which the pitch slope is downward. For σ2 in the frame forms, 

the whisker extending above the “0” line represents the minority of cases in which the 

pitch slope is upward. 
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Figure 4.23  BSh_03 / Nouns:  Pitch slope 
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In the bottom part of the figure, all points fall very close to or below the x-

axis, indicating that the σ1 pitch contour is nearly flat or slopes downward. Points 

falling to the left of the y-axis have an upward slope on σ2; points falling to the right 

of the y-axis have a downward slope on σ2. The contrast with the pattern for Amdo is 

immediately clear: in Figure 4.20, most points fall to the right of the dashed line; 

here, most points fall to the left of the dashed line. This reflects the fact that the 

vector representing pitch on σ2 is “more upward” than that representing σ1. 

It is clear from these plots that the two syllables do indeed exhibit different 

slope patterns. (If there were no difference in behavior across syllables, all points 

would plot along or close to the dashed line – as some among the frame forms do.) 

However, this difference does not reflect a correlation with the syntagmatic stress 

contrast. Rather, for the isolation forms, the slope pattern is a natural outcome of the 

pattern of pitch contrasts across syllables. We already know (section 4.2.1.1) that 

pitch is a robust correlate of σ2 stress in BSh_03 nouns: the mean increase in pitch 

from σ1 to σ2 is 23 Hz for isolation forms, and 20 Hz for frame forms. (The medians 

are 23 Hz and 19 Hz, respectively.) For the frame forms, the slope pattern is a natural 

outcome of the interaction of this lexical pitch pattern with utterance-level intonation. 

Thus for both isolation and frame forms, pitch slope is an epiphenomenon of 

other acoustic features. It lacks contextual significance; this is why it is not an 

acoustic correlate of stress. 
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For the isolation forms, the dependence of the pitch slope pattern on the pitch 

pattern can be illustrated by the case of the monomorphemic noun [kaŋ.'ma] rkang.ma 

‘foot, leg’. The pitch trace for this word is shown in Figure 4.28 below. Here, the 

mean pitch on σ1 is 115 Hz, the mean pitch on σ2 is 143 Hz, and the σ2-σ1 difference 

is (143 - 115) = 28 Hz. This difference is quite close to the speaker’s “target” 

difference of 23 Hz (the mean / median). Since the consonants at the syllable 

boundary are voiced sonorants, the pitch contour can be followed continuously from 

one syllable to the next, and we can see that the upward pitch slope of the vowel in σ2 

is simply part of the increase in pitch across syllables. The rate of rise in the σ2 vowel 

is 13 Hz/100msec. Since the full span of the vowel is 104 msec, the pitch increase 

over the whole vowel is almost exactly 13 Hz. 
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Figure 4.24  BSh_03 / Noun / Pitch trace: [kaŋ.ma] rkang.ma ‘foot, leg’ 

 

For the vowel in σ1, pitch slope was measured as -18 Hz/100msec. (The 

duration of the vowel here is 77 msec, so the actual drop in pitch is proportional to 

that span.) This is a typical example: as noted above, pitch is nearly level or slopes 

downward on σ1 for all BSh_03 nouns produced in isolation. I believe this downward 

slope occurs because, once the speaker has begun to produce a word, he immediately 

adjusts his pitch towards a target level, as necessary. This target level must be one 

which will comfortably allow the speaker to achieve the target pitch increase of ~ 23 

Hz across syllables. A value of ~108 Hz may be regarded as the target value for σ1; 

this is the median of the σ1 pitch measurements plotted in Figure 4.3. In [kaŋ.'ma] 

rkang.pa ‘foot, leg’, the pitch at the very beginning of the vowel is 126 Hz. The 
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speaker makes a quick downward adjustment to achieve a mean pitch value of 115 Hz 

across the medial 50% of the vowel. (The mean pitch value across the stable, medial 

portion of the rhyme is 113 Hz.) Thus the downward pitch slope on σ1 – like the 

upward pitch slope on σ2 – has nothing to do with any kind of independent 

correlation between pitch slope and stress, but reflects instead the role of pitch as a 

cue for stress. The reason pitch never slopes upward on the σ1 vowel is that the target 

pitch is low – a pitch level that will be in contrast to the high target of σ2. 

The pitch trace for the word [ra.'ma] ra.ma ‘goat’ supports this hypothesis. As 

illustrated in Figure 4.25 below, in this case the σ1 slope is only 0.52 Hz/100msec. 

Since the speaker started the utterance at a very low pitch – 92 Hz at the very 

beginning – he needed only to make a quick upward adjustment towards the target, 

and from there maintained a steady pitch of 104 Hz across the onset and nucleus. The 

pitch slope for σ2 was measured as 12 Hz/100 msec, and the difference in slopes for 

this word is approximately 12 – 0.52 = 11.5 Hz/100 msec. 



196 

 

Figure 4.25  BSh_03 / Noun / Pitch trace: [ra.ma] ra.ma ‘goat’ 

 

The patterns described above occur just as readily in nouns where σ2 is 

closed, as illustrated by the pitch trace for the compound form [le.mik] lde.mig ‘key’ 

in Figure 4.26 below. 
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Figure 4.26  BSh_03 / Noun / Pitch trace: [le.mik] lde.mig ‘key’ 

 

When the σ2 onset is not pitch-bearing – e.g., a voiceless stop – a slightly 

different pattern is sometimes encountered. For example, in [xlat.pa] klad.pa / 

glad.pa ‘brain’ in Figure 4.27 below, the pitch trace is not continuous. After the stops 

at the syllable boundary, pitch does not climb gradually but begins and remains at a 

relatively high level across the vowel in σ2 (125 Hz) with a gentle slope (2.9 

Hz/100msec). 
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Figure 4.27  BSh_03 / Noun / Pitch trace: [xlat.pa] klad.pa / glad.pa ‘brain’ 

 

In all of the pitch traces provided above, it is interesting to note the absence of 

the terminal falling intonation contour that one would expect to see in words 

produced in isolation. I believe this absence reflects the speaker’s deliberate care to 

convey the low-high pitch contrast which, as discussed in section 4.2.1, is the primary 

correlate of σ2 stress.40  

                                                            
40 I observed this same phenomenon with another Balti speaker, who – like speaker BSh_03 – was 

highly educated and very serious about providing “accurate” data. In that case, I worked with the 
speaker – BSk_02, from the town of Skardu – by first eliciting, discussing, and transcribing my 
word list. Recording was then completed in a separate, “more efficient” session. This recording 
seemed self-conscious and unnatural to me, as I noted the lack of a falling intonation contour at 
the end of words produced in isolation. With speaker BSk_02 it was more exaggerated than here, 
and it was noticeably different than the speaker’s more casual production the first time through 
the word list. Having decided that this recording was “not representative”, I chose not to analyze 
it – but I now realize that it may reflect the careful enunciation of someone who has been 
educated, which in South Asian schools often entails formal drilling, repetition, and recitation. 
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Nonetheless, as noted above, about one third of the isolation forms of nouns 

recorded from BSh_03 do show a downward slope on σ2. These are instances in 

which the speaker was less meticulous about avoiding a falling final contour. In the 

monomorphemic noun [smɪn.'ma] smin.ma ‘eyebrows’ shown in Figure 4.28 below, 

the speaker maintained a rising pitch slope – measured as 13 Hz/100 msec – nearly to 

the end of the vowel, and then apparently let it go. 

Figure 4.28  BSh_03 / Noun / Pitch trace: [smɪn.ma] smin.ma ‘eyebrows’ 

 

                                                                                                                                                                          
The intonation patterns of these two speakers stand in contrast to the very informal, less careful, 
and sometimes mumbled responses from speaker BM_01, which, as shown in 4.3.2, are 
characterized by a final falling intonation contour. This speaker was older and uneducated, and I 
think this may account for the difference in intonation patterns. 
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The pitch trace for [tʰig.tɕʰu] thig.chu ‘water drop, leak’ in Figure 4.29 below 

shows the decline beginning earlier. Here, pitch on σ2 is fairly constant over the 

central span, at 134 Hz. Near the end of the vowel – which is near the end of the 

utterance – pitch gently declines. The overall slope for this vowel was measured as     

-14 Hz/100 msec.  

Figure 4.29  BSh_03 / Noun / Pitch trace: [tʰik.tɕʰu] thig.chu ‘water drop, leak’ 

 

A third illustration is provided by the pitch trace for [sa.kʰɛt] sa.khyad ‘farm 

property, agricultural field’ in Figure 4.30 below. Here, the pitch slope on σ1 is -30 

Hz/100 msec, and the pitch slope on σ2 is -14 Hz/100 msec. The difference in slopes 

is calculated as -14 – (-30) = 16 Hz/100 msec. 
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Figure 4.30  BSh_03 / Noun / Pitch trace: [sa.kʰɛt] sa.khyad ‘farm property, 
agricultural field’ 

 

This slope difference of 16 Hz/100 msec happens to be the same as the mean 

slope difference calculated across all paired syllables for the full set of 77 nouns, as 

determined by a paired-sample t-test summarized in Table 4.10 below. As shown, this 

difference is highly significant (p << 0.05), and the 95% confidence interval defines a 

fairly narrow range of probable mean differences. That is, if we repeatedly recorded 

and analyzed samples of nouns produced in isolation by speaker BSh_03, there is a 

95 % probability that we would observe approximately the same relationship between 

pitch slopes across syllables. 
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Table 4.10  BSh_03 / Nouns / Isolation / Pitch slope:  Results of paired-sample t-tests 
(two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz100msec)
95 % conf. limits 
lower upper 

BSh_03 Isolation 9.9917 76 1.722e-15 16 13 20 

 

As discussed in section 2.4, a positive pitch slope difference can – in theory – 

mean one of three things; either: (a) σ1 slopes downward, and σ2 slopes upward; (b) 

σ1 slopes downward, and σ2 also slopes downward, but not as steeply; or (c) σ1 

slopes upward, and σ2 also slopes upward, but more steeply. (These configurations 

all fall to the left of the dashed line in Figure 4.23; graphically, the vector 

representing σ2 is always “above” the vector representing σ1 – the opposite of what is 

observed in Amdo nouns.) In practice, only (a) and (b) occur here, because there are 

no cases in which the pitch on σ1 slopes upward, as illustrated in Figure 4.23. These 

are the two situations illustrated in the examples above, (a) being more frequent in 

this sample than (b). (Configuration (a) is the one represented by the median values in 

the box-and-whisker plot in Figure 4.23.) 

 

Among the cases where the speaker did not attempt to avoid a falling final 

intonation contour were a few in which comparison of pitch slope across syllables 

yielded a negative difference. In [mu.tik] mu.tig ‘pearl’ shown in Figure 4.31 below, 

pitch is virtually level on σ1, sloping at 0.42 Hz/100msec. In σ2, pitch slopes 

downward at -20 Hz/100msec, so the slope difference is (-20) – (0.42) = -20.42 

Hz/100msec. The difference in pitch across syllables is still quite close to the target: 
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the average pitch measured across the medial 50% of the vowel was 100 Hz for 

σ1and 127 Hz for σ2 mean, for an increase across syllables of 27 Hz. 

Figure 4.31  BSh_03 / Noun / Pitch trace: [mu.tik] mu.tig ‘pearl’ 

 

 [spyaŋ.ku] spyang.ku ‘wolf’ is the only noun with σ2 open which has a 

negative pitch slope difference. As illustrated in Figure 4.32 below, pitch slopes 

downward fairly steadily in σ1 (at -16 Hz/100msec), while σ2 exhibits a late and 

steep fall, averaging -23 Hz/100msec. The slope difference is calculated as                

(-23) - (-16) = -7 Hz/100msec. The pitch difference across syllables here is 167 Hz – 

135 Hz = 32 Hz. 
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Figure 4.32  BSh_03 / Noun / Pitch trace: [spyaŋ.ku] spyang.ku ‘wolf’ 

 

In Figure 4.33 below, pitch slope measurements for isolation forms are plotted 

in terms of whether σ2 is open or closed. By and large, this factor makes no 

difference here – it becomes relevant in other cases discussed below. The points with 

σ2 closed which fall to the right of the dashed line are those with a final falling 

intonation contour, as discussed above. 
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Figure 4.33  BSh_03 / Nouns / Isolation:  Pitch slope vs. σ2 closure 

 

The pitch slope patterns exhibited by BSh_03 nouns produced in the sentence 

frame reflect the interaction of the lexical pitch pattern with the phrasal intonation 

pattern. The upward pitch slope observed in σ2 of the isolation forms is altered, in the 

frame forms, because of a declining intonation over the latter part of the utterance. 

Isolation and frame forms of the word [ɓaχ.pʰe] / [mbax.pʰe] bag.phye 

‘wheat flour’ provide an illustration. The isolation form, as shown in Figure 4.34 

below, has a downward-sloping pitch on σ1 (averaging 104 Hz, sloping at -21 

Hz/100msec) and an upward-sloping pitch on σ2 (averaging 137 Hz, sloping at 3.4 

Hz/100msec). The difference in slope across syllables is 24 Hz/100msec. This word is 

typical of the patterns described above and illustrated in Figure 4.23. 
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Figure 4.34  BSh_03 / Noun / Isolation / Pitch trace: [ɓaχ.pʰe] bag.phye ‘wheat flour’ 

 

When produced within the sentence frame, the target word becomes the focus. 

In Figure 4.35 below, pitch increases in steps from the beginning of the sentence until 

it approaches the target. At this point, pitch must drop in order to achieve the low-

high pitch pattern on the target word needed to convey stress. This accounts for the 

downward slope on the vowel in σ1 (averaging 97 Hz, sloping at -14 Hz/100msec). 

Pitch then leaps upward from σ1 to σ2, but immediately begins to decline to the end 

of the utterance (averaging 136 Hz, sloping at -17 Hz/100msec). This intonation-

driven contour accounts for the downward pitch slope in σ2. The difference in pitch 

slopes is calculated as -3 Hz/100msec – i.e., downward a bit more steeply in σ2 than 

in σ1. 
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Figure 4.35  BSh_03 / Noun / Frame / Pitch trace: [mbax.pʰe] bag.phye ‘wheat flour’ 

 

Pitch slope measurements for all BSh_03 nouns produced in the sentence 

frame are plotted in Figure 4.36 below. (These were also shown in Figure 4.23, for 

comparison with the isolation forms.) In general, as illustrated in the box-and-whisker 

plot, pitch slopes downward in σ1, and in most cases also slopes downward in σ2, 

though not as steeply – exactly the case illustrated just above. In about one third of 

the nouns, pitch slopes upward in σ2, as indicated by the whisker extending above the 

“0” line. 

In the distribution plot, all nouns fall close to or to the left of the dashed line 

with the exception of the compound [χmul.tɕʰu] rngul.chu ‘sweat, perspiration’ at 

(σ2, σ1) coordinates (-30, -7). For the majority of nouns, (slopeσ2 – slopeσ1) > 0 – i.e., 
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they fall to the left of the dashed line – so again, either (a) σ1 slopes downward, and 

σ2 slopes upward; or (b) σ1 slopes downward, and σ2 also slopes downward, but not 

as steeply. 

Figure 4.36  BSh_03 / Nouns / Frame:  Pitch slope 

 

The compound noun [ri.dax] ri.dwags ‘ibex’ is an example of (a). In Figure 

4.37 below, the pitch on σ1 is low and slopes downward (averaging 113 Hz, sloping 

at -14 Hz/100msec), while the pitch on σ2 is high and slopes upward (averaging 128 

Hz, sloping at, 8 Hz/100msec).  
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Figure 4.37  BSh_03 / Noun / Frame / Pitch trace: [ri.dax] ri.dwags ‘ibex’ 

 

Pitch slope measurements for the BSh_03 frame forms are plotted in Figure 

4.38 below in terms of whether σ2 is open or closed. As was the case for the isolation 

forms (Figure 4.33), there is no distinction here. 
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Figure 4.38  BSh_03 / Nouns / Frame:  Pitch slope vs. σ2 closure 

 

 

A paired-sample t-test, summarized in Table 4.11 below, shows that the 

difference in slope across syllables for frame forms is statistically highly significant 

(p << 0.05), with a mean difference of 9.6 Hz/100 msec.  

Table 4.11  BSh_03 / Nouns / Frame / Pitch slope:  Results of paired-sample t-tests (two-
tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz100msec)
95 % conf. limits 
lower upper 

BSh_03 Frame 7.1029 63 1.322e-09 9.6 6.9 12 

 

While the slope contrast across syllables may be statistically significant, as 

with the isolation forms, it is not contextually significant. What this analysis has 

demonstrated is that the pitch slope patterns observed can be explained in terms of 
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pitch, for the isolation forms, and in terms of the interaction of pitch and intonation, 

for the frame forms. The observed patterns are simply a byproduct of other factors. 

Thus pitch slope cannot be considered an acoustic correlate of stress for BSh_03 

nouns. 

 

The relationship between pitch and pitch slope for isolation and frame forms 

is captured in Figure 4.39 below. All points fall to the right of the y-axis: the pitch 

difference is positive, meaning that pitch rises from σ1 to σ2. Most of the points also 

fall above the x-axis; the pitch slope difference is positive, too, meaning that the slope 

on σ2 is “more upward”, as described above. Thus the correspondence between pitch 

and pitch slope observed in both isolation and frame forms is conveyed by the fact 

that most of the nouns lie in the upper right quadrant. The upward pitch slope in σ2 is 

not contextually significant because it is a mere continuation of the increase in pitch 

across syllables. 
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Figure 4.39  BSh_03 / Nouns:  Pitch difference vs. pitch slope difference 

 

This pattern is very different from what is observed in nouns produced by 

Balti speaker BM_01, where the utterance-final falling intonation contour dominates 

pitch slope even in the isolation forms, and from what is observed in nouns produced 

by the Rebkong Amdo speakers, where pitch slope is a strong correlate of σ2 stress in 

non-verbs. 

4.3.1.2 BSh_03 Adjectives 

Pitch slope patterns for BSh_03 adjectives are similar to those described for 

nouns. Measurements for isolation and frame forms are plotted in Figure 4.40 below. 

Though there are very few tokens, it is clear that all of them fall close to or below the 

x-axis, meaning that pitch slopes downward on σ1. Half of the isolation forms have 

an upward slope on σ2, and half have a downward slope on σ2. In the frame forms, 
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pitch is either flat on σ2, or slopes downward. The one word which falls to the right 

of the dashed line in both settings is [kar.pʰo] dkar.po ‘white’. 
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Figure 4.40  BSh_03 / Adjectives:  Pitch slope 
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A representative example is [mãː.'mo] mang.mo ‘many’. In isolation, as shown 

in Figure 4.41 below, the pitch slope on σ1 is a barely discernible 2 Hz/100msec; the 

slope on σ2 is 7 Hz/100msec. The difference in pitch slope is calculated as 5 

Hz/100msec. As was the case with the majority of nouns, the speaker is careful to 

maintain the high pitch on σ2; there is only a minor utterance-final decline. 

Figure 4.41  BSh_03 / Adjective / Isolation / Pitch trace: [mãː.mo] mang.mo ‘many’ 

 

When the same word is produced in the sentence frame, lexical pitch interacts 

with phrasal intonation. From the beginning of the utterance, pitch rises in steps to a 

peak before the target word, and then declines to the low pitch required on σ1 as part 

of the stress pattern. The slight downward pitch slope on σ1 (-3.9 Hz/100msec) 
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reflects this descent. Pitch rises across the consonant at the syllable boundary. For the 

vowel in σ2, the pitch slope was measured as 0.19 Hz/100msec. The difference in 

pitch slope is 4.1 Hz/100msec. This is essentially the same as the difference 

determined for the isolation form (4.5 Hz/100msec). 

Figure 4.42  BSh_03 / Adjective / Frame / Pitch trace: [mãː.mo] mang.mo ‘many’ 

 

Paired-sample t-tests comparing pitch slope across syllables for isolation and 

frame forms are summarized in Table 4.12 below. For adjectives in both settings, p > 

0.05 and the 95% confidence intervals about the mean differences include zero. These 

tests thus indicate that the difference in slope is not statistically significant, which is 

not surprising given the small sample size. 
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Table 4.12  BSh_03 / Adjectives / Pitch slope: results of paired-sample t-tests (two-
tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz100msec)
95 % conf. limits 
lower upper 

BSh_03 
Isolation 1.2918 7 0.2374 5.6 -4.7 16 

Frame 1.6059 6 0.1594 8.1 -4.3 20 

 

Figure 4.43 below shows the relationship between pitch and pitch slope for 

BSh_03 adjectives – all of which are monomorphemic and have an open σ2. As was 

the case with nouns (Figure 4.39), most of the points fall in the upper right quadrant. 

Pitch on σ2 is higher than pitch on σ1, and the vector representing slope on σ2 is 

likewise “above” that representing slope on σ1, reflecting the general rise across 

syllables. 

Figure 4.43  BSh_03 / Adjectives:  Pitch difference vs. pitch slope difference 
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4.3.1.3 BSh_03 Numerals 

 As illustrated in Figure 4.44 below, BSh_03 numerals exhibit a high degree 

of acoustic consistency in terms of pitch slope – as was also the case for pitch (Figure 

4.5). The speaker’s production was likely influenced by the facts that the numerals 

were recorded one after the other, and they constitute a closed semantic set. In σ1, 

pitch slopes downward for all numerals except [tɕu.'ruk] bcu.drug ‘sixteen’. In σ2, all 

of the numerals have an upward slope; that is, the speaker consistently avoided an 

utterance-final falling intonation contour. 

Figure 4.44  BSh_03 / Numerals:  Pitch slope 

 

The numeral [tɕub.dun] bcu.bdun ‘seventeen’ is representative. As shown in 

Figure 4.45 below, in the vowel in σ1 pitch slopes downward at a rate of -21 
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Hz/100msec; the mean pitch over the medial 50% of the vowel is 115 Hz. In σ2, the 

speaker maintains a slightly upward-sloping pitch – 8.8 Hz/100msec – achieving a 

mean pitch of 131 Hz. The difference in pitch slope is calculated as (8.8) – (-21) = 30 

Hz/100msec. 

Figure 4.45  BSh_03 / Numerals / Pitch trace: [tɕub.dun] bcu.bdun  ‘seventeen’ 

 

Given the consistency of this small sample, the difference in pitch slope 

across syllables was found to be statistically significant: p < 0.05. The mean 

difference in slope across syllables is 17 Hz/100msec. 
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Table 4.13  BSh_03 / Numerals / Pitch slope: results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz100msec)
95 % conf. limits 
lower upper 

BSh_03 Isolation 4.6738 8 0.001595 17 8.7 26 

 

In Figure 4.46 below, where pitch slope difference is plotted against pitch 

difference, all of the numerals fall in the upper right quadrant, as was the case for 

most of the other non-verbs discussed above. Again, this reflects the fact that the 

pitch slope pattern is governed by the pitch contrast across syllables; since pitch on 

σ2 is higher than pitch on σ1, the vector representing slope on σ2 is likewise “higher” 

than the vector representing slope on σ1. 

Figure 4.46  BSh_03 / Numerals:  Pitch difference vs. pitch slope difference 
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4.3.1.4 BSh_03 Verbs 

In BSh_03 verbs, too, the observed pitch slope patterns are entirely 

attributable to other factors: to the contrast in pitch across syllables, for isolation 

forms, and to the interaction of pitch and intonation, for frame forms. Of course, since 

verbs are stressed on σ1 rather than σ2, the patterns are considerably different than 

those described for nouns, adjectives, and numerals.  

As an example, the pitch trace for the isolation form of the verb ['χsøn.ma] 

gson.ma ‘to survive, to be nourished’ is provided in Figure 4.47 below. The pitch on 

σ1 is high and fairly level (averaging 152 Hz, sloping at -2.3 Hz/100msec). Since the 

consonants at the syllable boundary are both nasals, the declining pitch trajectory can 

be observed continuously to the end of the utterance. The pitch on σ2 (averaging 92 

Hz, sloping at -12 Hz/100msec) is simply the natural continuation of this trend. The 

difference in slopes is (-12) – (2.3) = -9.7 Hz/100msec. The negative number reflects 

the fact that pitch slopes downward more steeply in σ2 than in σ1; in this sense, slope 

is more prominent in the unstressed syllable. 
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Figure 4.47  Pitch trace for BSh_03 ['χsøn.ma] gson.ma ‘to survive, to be nourished’ 
(isolation) 

 

The pattern is even more dramatic when the word is embedded in the sentence 

frame, as it is reinforced by the larger-scale intonation pattern. The pitch trace for the 

sentence ['bal.ti 'skat.yĩ 'xsøn.ma za.ret] – ‘In [the] Balti language [we] ‘to survive’ 

say’ – is shown in Figure 4.48 below. The pitch increases successively on each 

syllable nucleus, reaches a peak on the stressed syllable (σ1) of the target word, and 

then declines to a soft and creaky close. In the stressed syllable – the first syllable of 

the target word – the average pitch is 159 Hz, and the pitch slope is -3.1 Hz/100msec. 

Pitch then falls to an average of 110 Hz on σ2, with a slope of -25 Hz/100 msec. The 

difference in pitch slope is (-25) – (-3.1) = -22 Hz /100msec. 



223 

 

Figure 4.48  Pitch trace for BSh_03 ['xsøn.ma] gson.ma ‘to survive, to be nourished’ 
(frame) 

 

A similar trend can be observed in Figure 4.49 below for the verb [tʰaq.pa] 

’thag.pa ‘to grind’, even though here the pitch trace is not continuous since the 

consonants at the syllable boundary are both stops. (The exact boundary between [q] 

and [p] here is somewhat arbitrary, since there are no reliable acoustic indicators of 

the change in place of articulation in the middle of the stop closure.) Again, in σ1 the 

pitch is high and slopes downward (140 Hz, -14 Hz/100msec), and in σ2 is lower and 

slopes downward a bit more steeply (90 Hz, -19 Hz/100msec). Again, this pitch slope 

pattern is completely unrelated to stress, and is simply a reflection of the general 
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decline in fundamental frequency across the word. And this decline occurs because 

pitch is itself such a strong acoustic cue for stress. 

Figure 4.49  Pitch trace for BSh_03 [tʰaq.pa] ’thag.pa 'to grind’ (isolation) 

 

Pitch slope measurements for all BSh_03 verbs are plotted in Figure 4.50 

below. The median values in the box-and-whisker plots reflect the prevailing trends: 

in σ1, pitch slope is sometimes upward and sometimes downward; in σ2, pitch slope 

is always downward. These patterns are in stark contrast to those observed in the non-

verbs, illustrated in Figure 4.23, Figure 4.40, and Figure 4.44. 
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Figure 4.50  BSh_03 / Verbs:  Pitch slope 
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In the distribution plot above, all points fall to the right of the y-axis, since 

slope is always downward on σ2; they fall both above and below the x-axis. The 

points above the x-axis represent verbs in which pitch slopes upward in σ1. The 

citation form ['mɪn.ma] sbyin.ma? ‘to give’ is one such case. As illustrated in Figure 

4.51 below, pitch slopes upward in σ1 (averaging 144 Hz, sloping at 13 Hz/100msec), 

and downward in σ2 (averaging 87 Hz, sloping at -11 Hz/100msec). The slope 

difference is (-11) – (13) = -24 Hz/100msec. 

Figure 4.51  BSh_03 / Verb / Isolation / Pitch trace: [mɪn.ma] sbyin.ma ? ‘to give’ 
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The same pattern occurs in the frame form, as shown in Figure 4.52 below. 

Here, pitch on σ1 averages 143 Hz and slopes at 8.0 Hz/100msec, and on σ2 averages 

97 Hz and slopes at -14 Hz/100msec. The difference in pitch across syllables is (-14) 

– (8) = -22 Hz/100msec. 

Figure 4.52  BSh_03 / Verb / Frame / Pitch trace: [mɪn.ma] sbyin.ma? ‘to give’ 

 

There are a few verbs in Figure 4.50 which plot to the left of the dashed line. 

In these cases, pitch slopes downward more steeply in σ1 than in σ2. An example is 

[ʈʰrɪ̥s.pa] ’khris.pa ‘to entangle’, shown in Figure 4.53 below. Here, pitch on σ1 

averages 152 Hz, and slopes downward at -11 Hz/100msec; pitch on σ2 averages 90 
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Hz, and slopes downward at -5.8 Hz/100msec. The difference in slopes is (-5.8) –     

(-11) = 5.2 Hz/100msec. 

Figure 4.53  BSh_03 / Verb / Pitch trace: [ʈʰrɪ̥s.pa] ’khris.pa ‘to entangle’ 

 

Pitch slope measurements for all of the BSh_03 citation forms were compared 

across syllables using paired-sample t-tests, summarized in Table 4.14 below. For 

both isolation and frame forms the contrast in slope is statistically highly significant 

(p << 0.05), with mean differences of -12 Hz/100msec and -15 Hz/100msec, 

respectively. The negative slope difference indicates that, graphically, the vector 

representing the slope in σ2 is “below” the vector representing slope in σ1. (That is, 

the slope is more downward and thus more prominent on the syllable which is not 

stressed.) Theoretically, this relationship could have three possible configurations: (a) 
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σ1 slopes downward, and σ2 also slopes downward, but more steeply; (b) σ1 slopes 

upward, and σ2 slopes downward; or (c) σ1 slopes upward, and σ2 also slopes 

upward, but not as steeply. Again, though, only (a) and (b) occur, since there are no 

cases in which the pitch slope on σ2 is downward, as shown in Figure 4.50 on page 

225.  

Table 4.14  BSh_03 / Verbs / Isolation / Pitch slope: results of paired-sample t-tests (two-
tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz100msec)
95 % conf. limits 
lower upper 

BSh_03* 
Isol. -5.8758 34 1.248e-06 -12 -17 -8.2 

Frame -5.3184 30 9.48e-06 -15 -21 -9.3 

* The lone BSh_03 N+Verbalizer form was excluded. 

 

The relationship between the pitch difference across syllables and the pitch 

slope difference across syllables is summarized in Figure 4.54 below. (All of the 

verbs have an open σ2 since they are all citation forms, where σ2 is [-pa].) 

In contrast to the pattern observed in nouns (Figure 4.39) – as well as 

adjectives and numerals – here, all points fall to the left of the y-axis; the pitch 

difference is negative, meaning that pitch falls from σ1 to σ2. Most of the points also 

fall below the x-axis; the pitch slope difference is negative, too, meaning that the 

slope on σ2 is “more downward”, as described above. The points which plot above 

the x-axis are those which pattern like [ʈʰrɪ̥s.pa]’khris.pa ‘to entangle’, shown in 
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Figure 4.53. The fact that the majority of points lie in the lower left quadrant reflects 

the correlation between pitch and pitch slope. 

Figure 4.54  BSh_03 / Verbs:  Pitch difference vs. pitch slope difference 

 

 

4.3.2 Pitch slope for speaker BM_01 

Pitch slope contrasts for nouns, adjectives, and verbs produced by speaker 

BM_01 are illustrated in the box-and-whisker plot in Figure 4.55 below. The pattern 

of contrasts in slope across syllables is more or less the same for the three lexical 

categories. For nouns and adjectives, the dominant trend – represented by the median 

values – is that pitch in σ1 slopes downward, and pitch in σ2 also slopes downward, 

but more steeply. For verbs, pitch in σ1 is either upward or downward, and in σ2 
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always slopes downward. In general, then, slope is “more downward” in σ2 than in 

σ1; the vector representing σ2 is “below” the vector representing σ1. 

Figure 4.55  BM_01 / Isolation:  Pitch slope contrasts 

 

This is very different than the pattern observed in isolation and frame forms 

produced by speaker BSh_03. In that case (Figure 4.21, Figure 4.22), the contrast in 

slope across syllables was governed by the contrast in pitch across syllables. Since 

non-verbs have a low-high pitch contrast, the pitch slope is “more upward” across 

syllables, rather than “more downward”, as here. BSh_03 verbs showed the opposite 

slope pattern, because they have the opposite pitch pattern. 

This pattern is not much different, however, from those observed in isolation 

and frame forms produced by Rebkong Amdo speakers AR_04 and AR_05, discussed 

in Chapter 5. In that case, for the non-verbs, the contrast in slope across syllables 
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represents a robust correlate of stress. In this case, I attribute the very similar patterns 

to the effects of an utterance-level intonation pattern. The difference between the two 

scenarios – pitch slope as a correlate of stress vs. pitch slope as an effect of intonation 

– might be illuminated if I had recordings of BM_01 words embedded within a 

sentence frame. My prediction is that, in such hypothetical BM_01frame forms, pitch 

would not slope downward in σ2, since it would no longer be at the end of the 

utterance. In Rebkong Amdo, even the frame forms exhibit a distinctive downward 

slope in σ2, because it is essential in conveying the stress pattern. Unfortunately, I 

was only able to record isolation forms from speaker BM_01, so I cannot test this 

argument at present. 

The lack of recorded frame forms from speaker BM_01 is unfortunate, but not 

fatal. If one’s objective is to identify an acoustic distinction between the two cases, 

one may be disappointed; if one’s objective is to document the acoustic signature of 

the sharp, falling pitch slope perceived on stressed syllables in Rebkong Amdo, then 

this can certainly be done, as I show in section 5.3. 

A primary difference between BM_01 and Rebkong Amdo, of course, is that 

in Rebkong Amdo, I hear a dramatic, “punchy” fall in pitch in σ2 of non-verbs, and 

in BM_01 I do not. 

Details of pitch slope for BM_01 nouns, adjectives, and verbs are discussed in 

sub-sections 4.3.2.1, 4.3.2.2, and 4.3.2.3, respectively. 
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4.3.2.1 BM_01 Nouns 

As noted, pitch slope patterns for nouns produced by speaker BM_01 are very 

different from those described for speaker BSh_03 (Figure 4.23). Here, slope is 

governed not by a rising pitch across syllables, but by a terminal falling intonation 

contour. 

As shown in Figure 4.56 below, most of the BM_01 nouns fall to the right of 

the dashed line, indicating that pitch slope is “more downward” in σ2, i.e., that the 

vector representing σ2 is always “below” the vector representing σ1. 

Figure 4.56  BM_01 / Nouns:  Pitch slope 
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To illustrate, the pitch trace for the word [smor.ðo] mu.rdo ‘border’ is 

provided in Figure 4.57 below. Here, pitch in σ1 slopes upward at 6.8 Hz/100msec, 

but in σ2 slopes downward, at -59 Hz/100msec. 

Figure 4.57  BM_01 / Noun / Isolation / Pitch trace: [smor.ðo] mu.rdo ‘border’ 

 

In the case of [ʂka.lo] skra.lo ‘woman’s hair’ shown in Figure 4.58 below, 

pitch in σ1 slopes downward at -11 Hz/100msec, and in σ2 slopes downward even 

more steeply, at -31 Hz/100msec. Thus in this and the preceding example, the vector 

representing σ2 is “below” the vector representing σ1.  
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Figure 4.58  BM_01 / Noun / Isolation / Pitch trace: [ʂka.lo] skra.lo ‘woman’s hair’ 

 

In contrast, there were some nouns in the plot in Figure 4.56 which fall to the 

left of the dashed line. With only one exception, it turns out that these are words in 

which σ2 is closed, as illustrated in Figure 4.59 below. When σ2 is open, all nouns 

plot to the right of the dashed line. (This is actually similar to the pattern observed in 

Rebkong Amdo nouns, as illustrated in Figure 4.20 on page 186.) When σ2 is closed, 

points are evenly distributed to either side of the dashed line. 
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Figure 4.59  BM_01 / Nouns:  Pitch slope vs. σ2 closure 

 

 

 



237 

 

In the box-and-whisker plots at the bottom of the figure, where σ2 is open, 

there is a clear difference in the slope patterns across syllables. Pitch slopes “more 

downward” in σ2 than in σ1, as described above. The nouns with a closed σ2 show 

almost complete overlap of the notches, boxes, and whiskers; there is no evidence of 

any consistent pattern in pitch slope contrast across the two syllables. 

Figure 4.60 below [na.tiŋ] ?? ‘hat’ illustrates a noun with σ2 closed which 

behaves just like the nouns with σ2 open – i.e., it falls to the right of the dashed line. 

In σ1, pitch is nearly level, with a slope of  -0.39 Hz/100msec. In σ2, pitch slopes 

downward at -19 Hz/100msec in the vowel; this downward slope– a final falling 

intonation contour – continues and even steepens in the sonorant coda.  

Figure 4.60  BM_01 / Noun / Isolation / Pitch trace: [na.tiŋ] ?? ‘hat’ 
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However, not all words in which σ2 is closed by a sonorant coda exhibit this 

falling intonation contour, as illustrated by [ɬla.kˣaŋ] lha.khang ‘temple’ in Figure 

4.61 below. This word plots to the left of the dashed line in Figure 4.59. 

Figure 4.61  BM_01 / Noun / Isolation / Pitch trace: [ɬla.kˣaŋ] lha.khang ‘temple’ 

 

In some cases, as in [ŋgo.ʀlat] mgo.glad ‘brain, mind’ shown in Figure 4.62 

below, a voiceless stop coda in σ2 appears to block the final falling intonation. In σ1 

pitch slopes downward at -31 Hz/100msec, and in σ2 slopes downward at only -9 

Hz/100msec. That is, σ1 slopes “more downward” than σ2, so the point representing 

this word also falls to the left of the dashed line in Figure 4.59.  
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Figure 4.62  BM_01 / Noun / Isolation / Pitch trace: [ŋgo.ʀlat] mgo.glad ‘brain, mind’ 

 

On the other hand, a voiceless stop coda in σ2 does not always block a falling 

final intonation contour, as illustrated by the pitch trace for [ɓa.tekʰ] ?? ‘frog’ in 

Figure 4.63 below. This word plots to the right of the dashed line in Figure 4.59. 
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Figure 4.63  BM_01 / Noun / Isolation / Pitch trace: [ɓa.tekʰ] ?? ‘frog’ 

 

We saw in Figure 4.59 that nouns with a closed σ2 fall to either side of the 

dashed line. What these last four examples demonstrate is that this truly represents a 

random distribution, that pitch may randomly slope “more downward” in one syllable 

or else the other. When σ2 is open, on the other hand, pitch is always more downward 

in σ1. 

These patterns are reflected in paired-sample t-tests, which are summarized in 

Table 4.15 below. When σ2 is open, the contrast in pitch slope across syllables is 

statistically highly significant (p << 0.05), with a mean difference in slope of -36 

Hz/100msec. When σ2 is closed, the difference in pitch slope across syllables is not 

statistically significant, with p > 0.05. 
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Table 4.15  BM_01 / Nouns / Isolation / Pitch slope:  Results of paired-sample t-tests 
(two-tailed) 

 Speaker  Subset t DF p-value 
Mean diff 

(Hz/100msec) 
95 % conf. limits 
lower upper 

BM_01 
σ2 open -10.9838 43 4.637e-14 -36 -42 -29 

σ2 closed -0.9073 27 0.3723 -4.2 -14 5.4 

 

This distinction in the behavior of BM_01 nouns on the basis of σ2 closure is 

actually different than what is observed in Rebkong Amdo, where pitch slope is a 

robust correlate of stress. In Figure 4.64 below, pitch slope in BM_01 nouns plotted 

in terms of σ2 closure is compared to pitch slope in AR_05 nouns. The top part of this 

figure is a duplicate of Figure 4.59; the bottom part is a duplicate of Figure 4.20, 

except now compressed to the same scale on the x- and y-axes as for BM_01. 
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Figure 4.64  BM_01 / Nouns:  Pitch slope vs. σ2 closure, compared to Rebkong Amdo 
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As shown, the slope patterns exhibited by BM_01 nouns with σ2 open are not 

substantively different from those of speaker AR_05. In both cases, all points fall to 

the right of the dashed line, with a “more downward” slope in σ2. For speaker 

BM_01, this pattern is the casual consequence of an unimpeded utterance-final falling 

intonation; for Rebkong Amdo speaker AR_05, it reflects the speaker’s fairly precise 

manipulation of pitch slope in order to convey stress. Of course, there is a vast 

difference in the range of variability for the two speakers. This may reflect the overall 

inconsistency of the recording with speaker BM_01. On the other hand, it may be 

more significant: perhaps it results from the fact that speaker AR_05 aims to achieve 

a target slope contrast, while BM_01 is instead vaguely allowing pitch to taper off. 

The random slope contrasts exhibited by BM_01 nouns with σ2 closed are 

simply not observed in the nouns produced by speaker AR_05. In Rebkong Amdo, a 

robust and consistent contrast in pitch slope is of primary importance in conveying a 

robust and consist stress contrast; thus pitch always slopes “more downward” in σ2, 

regardless of syllable closure. This divergence in the behavior of nouns with a closed 

σ2 may actually be evidence of an acoustic distinction between pitch slope as a reflex 

of intonation, and pitch slope as a cue for stress, even without the crucial frame 

forms, as discussed previously. 

 

Finally, the relationship between pitch and pitch slope for BM_01 nouns is 

illustrated in Figure 4.65 below. Almost all points fall to the right of the y-axis; as 

demonstrated in section 4.2.2.1, pitch generally rises from σ1 to σ2, so the pitch 
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difference is positive. When σ2 is closed, the pitch contrast is sometimes elevated, by 

virtue of the fact that much of the utterance-final declination is borne by a sonorant 

coda. The distribution with respect to the x-axis reflects the slope patterns discussed 

above: when σ2 is open, slope is always more downward in σ2; when σ2 is closed, 

the slope contrast across syllables is random.  

This pattern is very different from what was observed in Figure 4.39 (page 

212) for speaker BSh_03. There, most points fell in the upper right quadrant, 

reflecting the fact that pitch slope was governed by the pitch contrast across syllables. 

Here, pitch slope is dominated by final intonation. This pattern is also different from 

what is observed in Rebkong Amdo, where pitch slope actually contrasts with pitch. 

Figure 4.65  BM_01 / Nouns:  Pitch difference vs. pitch slope difference, by σ2 closure 

 



245 

 

4.3.2.2 BM_01 Adjectives 

The pitch slope patterns observed in BM_01 adjectives are very similar to 

those described above for nouns. As shown in Figure 4.66 below, most adjectives plot 

to the right of the dashed line, indicating that the pitch slope is “more downward” in 

σ2 than in σ1. It is interesting to note that the five reduplicated forms are distributed 

close to and to either side of the dashed line, indicating random slope contrasts for 

this control group. 

Figure 4.66  BM_01 / Adjectives / Isolation:  Pitch slope 

 

As illustration, the reduplicated form [tɕʰaʈ.tɕʰaʈ] chad.chad ‘short, few’ is 

shown in Figure 4.67 below. In σ1, pitch slopes downward at -24 Hz/100msec, and in 



246 

 

σ2 slopes downward more steeply, at -32 Hz/100msec. This adjective plots to the 

right of the dashed line in Figure 4.66. 

Figure 4.67  BM_01 / Adjectives / Isolation / Pitch trace: [tɕʰaʈ.tɕʰaʈ] chad.chad ‘short, 
few’ 

 

In the monomorphemic adjective [tʰɤn.mo] mthon.mo ‘high’, the pitch slope 

is slightly upward in σ1, at 6.9 Hz/100msec, and downward quite steeply in σ2 at -31 

Hz/100msec. The difference in pitch slope is (-31) – (6.9) = -38 Hz/100msec. This 

point plots well to the right of the dashed line, and above the x-axis. 
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Figure 4.68  BM_01 / Adjectives / Isolation / Pitch trace: [tʰɤn.mo] mthon.mo ‘high’ 

 

 

Adjectives are plotted in terms of the closure of σ2 in Figure 4.69 below. As 

was the case with nouns, when σ2 is open, nearly all points fall to the right of the 

dashed line. When σ2 is closed, points are distributed to either side of the line. 
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Figure 4.69  BM_01 / Adjectives:  Pitch slope vs. σ2 closure 

 

 

Paired-sample t-tests, summarized in Table 4.16 below, corroborate these 

observations. When σ2 is open, the difference in pitch slopes across syllables is 

highly significant (p << 0.05), with an average difference of -30 Hz/100msec. When 

σ2 is closed, the difference in slopes is not significant: p > 0.05, and the 95% 

confidence interval includes zero. 

Table 4.16  BM_01 / Adjectives / Isolation / Pitch slope:  Results of paired-sample t-tests 
(two-tailed) 

 Speaker  Subset t DF p-value 
Mean diff 

(Hz/100msec) 
95 % conf. limits 
lower upper 

BM_01 
σ2 open -6.0879 20 5.976e-06 -30 -40 -20 

σ2 closed 0.0263 4 0.9803 0.20 -21 22 
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When pitch differences are compared to pitch slope differences, as in Figure 

4.70 below, the pattern is again quite similar to that observed in BM_01 nouns. The 

pitch difference across syllables is sometimes exaggerated, when much of the 

downward slope is borne by a sonorant coda. 

Figure 4.70  BM_01 / Adjectives:  Pitch difference vs. pitch slope difference 

 

4.3.2.3 BM_01 Verbs 

BM_01 verbs exhibit the same pitch slope patterns as the BM_01 non-verbs. 

For nouns and adjectives, as discussed above, I attribute the pitch slope pattern to the 

utterance-level intonation pattern. In the case of verbs, the effects of this factor cannot 

be distinguished from the effects of a second factor: the contrast in pitch across 

syllables, which was also observed in the case of BSh_03 verbs. 
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As illustrated in Figure 4.71 below, in σ1 of verbs, pitch may slope upward or 

downward, but in σ2 always slopes downward. With the exception of [ɕɛs.pa] 

shes.pa ‘to know’, all points fall to the right of the dashed line. There is no distinction 

between the behavior of citation forms and N+Vblzr forms. 

Figure 4.71  BM_01 / Verbs: Pitch slope 

 

The pitch trace for the verb ['mɪn.ma] sbyin.ma? ‘to give’ in Figure 4.72 

below is an example of a citation form in which pitch slopes upward in σ1, and 

downward in σ2. The mean pitch over the medial 50% of the vowel was measured as 

192 Hz in σ1, and 105 Hz in σ2. This dramatic -87 Hz pitch contrast across syllables 

is the primary correlate of the perceived σ1 stress pattern, and it plays a role in 

shaping the pitch slope pattern across syllables. As shown below, the falling pitch 
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slope on σ2 is only an extension of the large-scale fall in pitch from σ1 to σ2. In σ1, 

pitch slopes gently upward at 10 Hz/100msec; in σ2, pitch slopes downward at -27 

Hz/100msec. The difference in slope is calculated as (-27) – (10) = -37 Hz/100msec. 

Of course, a second factor which may influence pitch slope here is that the word was 

produced in isolation, where a falling terminal contour is often observed. 

Figure 4.72  BM_01 / Verbs / Pitch trace: [mɪn.ma] sbyin.ma ? ‘to give’ 

 

In contrast, the pitch trace for the N+Vblzr form ['skʰat.zer] skad.zer ‘to call, 

to shout’ is a case where pitch slopes downward in σ1, and downward more steeply in 

σ2, as illustrated by the pitch trace in Figure 4.73 below. The average pitch is 169 Hz 

in σ1, and 124 Hz in σ2, for a pitch difference across syllables of -45 Hz. Pitch slope 
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was measured as -14 Hz/100msec in σ1, and -20 Hz/100msec in σ2, for a slope 

difference of -6 Hz/100msec.  

Figure 4.73  BM_01 / Verbs / Pitch trace: [skʰat.zer] skad.zer ‘to call, to shout’ 

 

A paired-sample t-test comparing pitch slope across syllables is summarized 

in Table 4.17 below. The difference in slope across syllables is statistically significant 

(p < 0.05), and averages -34 Hz/100msec. 

Table 4.17  BM_01 / Verbs / Pitch slope:  Results of paired-sample t-tests (two-tailed) 

 Speaker  Setting t DF p-value 
Mean diff 

(Hz/100msec) 
95 % conf. limits 
lower upper 

BM_01 Isolation -5.2878 12 0.0001921 -34 -49 -20 
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The correspondence between pitch and pitch slope for BM_01 verbs is evident 

in Figure 4.74 below. Because there is such a dramatic drop in pitch across syllables, 

the slope difference is also always negative (again, except for [ɕɛs.pa] shes.pa ‘to 

know’). Virtually all points thus fall in the lower left quadrant, reflecting this 

relationship. 

Figure 4.74  BM_01 / Verbs:  Pitch difference vs. pitch slope difference 

 

 

4.3.3 The interaction of pitch and pitch slope 

In Figure 4.75 below, BSh_03 isolation forms from all lexical categories are 

plotted in terms of pitch differences and pitch slope differences. As shown, verbs vs. 

non-verbs are distinguished by both of these factors, with verbs plotting in the lower 
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left quadrant and non-verbs plotting in the upper right quadrant. In both cases, this 

reflects the fact that pitch slope is an epiphenomenon of pitch. For verbs, pitch is 

higher in σ1 than in σ2; i.e., pitch decreases across syllables. The “more downward” 

slope in σ2 is a reflection and extension of that decrease. For non-verbs, pitch is 

higher in σ2 than in σ1; i.e., pitch increases across syllables. The “more upward” 

slope in σ2 is a reflection and extension of that increase. There is no overlap of the 

two groups; prosodically, verbs are thoroughly distinct from non-verbs. 
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Figure 4.75  BSh_03 / Isolation:  Pitch differences vs. pitch slope differences 

 

Frame forms of BSh_03 verbs and non-verbs are plotted in Figure 4.76 below. 

The same general patterns and distinctions pertain here. 
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Figure 4.76  BSh_03 / Frame:  Pitch differences vs. pitch slope differences 

 

For speaker BM_01, the relationship is considerably different: verbs and non-

verbs are distinguished by pitch differences, but not by pitch slope differences. As 

was the case for speaker BSh_03, verbs plot in the lower left quadrant of the graph: 

pitch is higher in σ1 than in σ2, and this pitch decrease across syllables is extended as 

a downward pitch slope in σ2. Non-verbs, in this case, also fall below the x-axis, 

plotting in the lower right quadrant of the graph. (Those which plot above the x-axis 
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have a closed σ2, as discussed in sections 4.3.2.1 and 4.3.2.2.) Pitch increases from 

σ1 to σ2, to convey stress, but then slopes downward in σ2 as part of a natural 

utterance-final falling intonation. 

Figure 4.77  BM_01 / Isolation:  Pitch differences vs. pitch slope differences 

 

In the case of speaker BSh_03, pitch slope patterns cannot be distinguished 

from pitch patterns, for both verbs and non-verbs. In the case of speaker BM_01, 
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pitch slope patterns cannot be distinguished from pitch patterns, for verbs, or from 

intonation patterns, for non-verbs. Because pitch slope thus lacks contextual 

significance, it is never an acoustic correlate of stress for either Balti speaker, for any 

lexical category. 

4.4 Intensity 

For both Balti speakers, intensity is a strong cue for the σ1 stress perceived on 

verbs, but is not a correlate of the σ2 stress perceived on nouns, adjectives, or 

numerals. In limited and controlled subsets of the data, where contrasts in vowel 

height are neutralized, intensity is sometimes higher in σ2. But even here, the contrast 

is not consistent or strong enough to be considered an indicator of stress. 

The analyses for speakers BSh_03 and BM_01 are discussed in detail in 

sections 4.4.1 and 4.4.2, respectively. 

4.4.1 Intensity for speaker BSh_03 

For both isolation and frame forms produced by speaker BSh_03, intensity is 

a strong acoustic correlate of first-syllable stress for verbs, but is not an acoustic 

correlate for the second-syllable stress perceived on nouns and adjectives. 

The general pattern of intensity contrasts across syllables in isolation forms is 

illustrated in Figure 4.78 below. For each lexical category, the box-and-whisker plot 

is based on the data set which was crucial to the assessment of the role played by 

intensity in conveying stress. For nouns and adjectives, this means that only the 

control groups consisting of words with vowels of the same height in both syllables 
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are shown. For verbs, the pattern was so robust and consistent that any variation as a 

function of vowel height is moot, so all tokens are plotted. 

Figure 4.78  BSh_03 / Isolation:  Intensity contrasts (“SH” indicates that only words 
with vowels of the same height in both syllables are plotted) 

 

 

Intensity contrasts for BSh_03 frame forms are similar, as illustrated in Figure 

4.79 below. Again, only the subsets on which the final analysis was based are plotted. 
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Figure 4.79  BSh_03 / Frame:  Intensity contrasts (“SH” indicates that only words with 
vowels of the same height in both syllables are plotted) 

 

Intensity data for BSh_03 nouns, adjectives, numerals, and verbs are 

discussed in greater detail in sections 4.4.1.1 through 4.4.1.4 below. 

4.4.1.1 BSh_03 Nouns 

If intensity served as an acoustic cue for stress in BSh_03 nouns, one would 

expect to see a consistently higher intensity on σ2. However, this is not the case for 

either isolation or frame forms. As shown in Figure 4.80 below, points fall to either 

side of the dashed line, indicating that intensity is sometimes higher on σ1 and 

sometimes higher on σ2. Morphological structure does not appear to influence the 

distribution. 
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Figure 4.80  BSh_03 / Nouns:  Intensity 

 

Except for a few anomalous points, this distribution is entirely attributable to 

the variation in intensity which is intrinsic to vowel height differences. While F0 

tends to be higher on high vowels and lower on low vowels, the opposite is the case 

for intensity: intensity is inherently higher on low vowels and lower on high vowels 

(Lehiste 1970: 68, 120). 

BSh_03 isolation forms are plotted in terms of vowel height contrasts in 

Figure 4.81 below. The graph on the left shows nouns with a contrast in vowel height 

across syllables. Nouns in the [lower.higher] group – such as [ndaʁ.'ʑu] mda’.gzhu 

‘arrow and bow’ and [ɓaχ.'mo] bag.mo ‘bride’ – have a higher intensity on σ1 and 

fall to the left of the dashed line. Nouns in the [higher.lower] group – such as 
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[mɛ.'ða]41 me.mda’ ‘gun, rifle’ and [tut.'pa] dud.ba ‘smoke’ – have a higher intensity 

on σ2, and fall to the right of the dashed line. That is, intensity is higher on whichever 

syllable has the lower vowel, as one would predict following Lehiste. 

Figure 4.81  BSh_03 / Nouns / Isolation:  Intensity vs. vowel height contrast 

 

The graph on the right above shows that nouns with vowels of the same height 

in both syllables – such as [spal.'ba] dpral.ba ‘forehead’ and [bu.'striŋ] bu.sring 

‘woman’ – are about evenly distributed to either side of the dashed line. This is a 

random distribution; there is no evidence that the speaker is manipulating intensity to 

convey stress. 

                                                            
41 Bielmeier (p.c. 2008) points out that in Balti the word for gun is more commonly [tuaq]. 
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As illustrated in the box-and-whisker plot in Figure 4.82 below, the 

differences in intensity across syllables for the three height groups define a steady 

trend, corresponding to vowel height contrasts. For the control group – those with 

vowels of the same height in both syllables – the notch representing the 95% 

confidence interval about the median difference spans the x-axis. This means that the 

median difference in pitch across syllables is not significantly different than zero. 

Figure 4.82  BSh_03 / Nouns / Isolation:  Intensity difference vs. vowel height contrast 

 

This is confirmed by the paired-sample t-tests summarized in Table 4.18 

below. For the control group, p > 0.05 and the 95% confidence interval includes zero, 

indicating that there is no significant difference in intensity across syllables. 
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Table 4.18  BSh_03 / Nouns / Isolation:  Intensity by height: paired-sample t-tests (two-
tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher -2.5386 21 0.01911 -1.7 -3.1 -0.30

same height 0.2088 31 0.836 0.12 -1.1 1.3 

higher.lower 5.7811 22 8.14e-06 3.9 2.5 5.3 

 

 

Intensity values for nouns produced in the sentence frame “In the Balti 

language, we X say” / ['bal.ti 'skat.diŋ X za.ret] are plotted in terms of vowel height in 

Figure 4.83 below. The pattern here is similar to that exhibited by the isolation forms. 

When there is a contrast in vowel height across syllables, intensity tends to be higher 

on whichever syllable has the lower vowel, as one would predict following Lehiste 

(1970). Nouns in the control group are more or less evenly distributed to either side of 

the dashed line. 
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Figure 4.83  BSh_03 / Nouns / Frame:  Intensity vs. vowel height contrast 

 

In the box-and-whisker plot in Figure 4.84 below, the median intensity 

difference for the control group is exactly zero. 
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Figure 4.84  BSh_03 / Nouns / Frame:  Intensity difference vs. vowel height contrast 

 

Paired-sample t-tests, summarized in Table 4.19 below, confirm that intensity 

differences across paired syllables do not define a significant contrast: p > 0.05 and 

the 95% confidence interval includes zero. 

Table 4.19  BSh_03 / Nouns / Frame / Intensity by height:  Paired-sample t-tests (two-
tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher -0.2187 15 0.8298 -0.19 -2.0 1.6

same height 0.5801 29 0.5664 0.27 -0.67 1.2

higher.lower 6.0511 17 1.297e-05 4.7 3.0 6.3

 

In conclusion, intensity is definitively not a correlate of stress for BSh_03 

nouns, either in isolation or in the sentence frame. 
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4.4.1.2 BSh_03 Adjectives 

For BSh_03 adjectives, the sample size is too small to determine whether or 

not there is a correlation between intensity and σ2 stress. Furthermore, it seems that 

segmental properties may play an interfering role. 

As shown in Figure 4.85 below, for both isolation and frame forms, intensity 

is sometimes higher on σ1 and sometimes higher on σ2, with points falling to either 

side of the dashed line. 

Figure 4.85  BSh_03 / Adjectives:  Intensity 

 

Isolation forms of BSh_03 adjectives are plotted in terms of vowel height 

contrast in Figure 4.86 below. The graphs are rather sparse and unconvincing. In the 

plot on the left, two of the [lower.higher] nouns – the color terms terms [kar.pʰo] 
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dkar.po ‘white’ and [mar.pʰo] dmar.po ‘red’ – have a higher intensity on σ1, which 

one would predict following Lehiste (1970). In the plot on the right, most of the 

[same.height] nouns – including [bom.bo] sbom.po ‘thick, fat (circumference)’ and 

[sar.pʰa] gsar.pa ‘new’ – have a higher intensity on σ2, the stressed syllable. 

Figure 4.86  BSh_03 / Adjectives / Isolation:  Intensity vs. vowel height contrast 

 

As illustrated in the box-and-whisker plot in Figure 4.87 below, for both 

subsets the notch representing the 95% confidence interval about the median 

difference is quite broad, which is not surprising given the small sample size. In both 

cases the notch spans the x-axis, indicating that the median difference in intensity 

across syllables is not significantly different than zero.  



269 

 

Figure 4.87  BSh_03 / Adjectives / Isolation:  Intensity difference vs. vowel height 
contrast 

 

Paired-sample t-tests, summarized in Table 4.20 below, confirm that the 

difference in intensity across paired syllables is not statistically significant: p > 0.05, 

and the 95% confidence intervals about the mean include zero. 

Table 4.20  BSh_03 / Adjectives / Isolation / Intensity by height:  Paired-sample t-tests 
(two-tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher -0.8115 3 0.4765 -1.5 -7.4 4.4

same height 0.2582 3 0.813 0.5 -5.7 6.6

higher.lower NA NA NA NA NA NA 
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Intensity measurements for the frame forms are plotted in terms of vowel 

height contrast in Figure 4.88 below. (Note that [naq.po] nag.po ‘black’ and 

[maː̃.mo] mang.mo ‘many’ overlap at (σ2, σ1) coordinates (67, 63), so only two 

[lower.higher] forms are visible.) 

Figure 4.88  BSh_03 / Adjectives / Frame:  Intensity vs. vowel height contrast 

 

Here, it is quite clear that the sample size is too small to be really informative. 

As summarized in Table 4.21 below, paired-sample t-tests indicate that the contrast in 

intensity across syllables is not statistically significant, with p > 0.05 and 95% 

confidence intervals that include zero. (Since there was only one [higher.lower] form 

– [ʈʰrɪ̥s.pa] mkhregs.pa ‘difficult’ – the t-test could not be performed for this group.) 
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Table 4.21  BSh_03 / Adjectives / Frame / Intensity by height:  Paired-sample t-tests 
(two-tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher 1.4 2 0.2965 2.3 -4.8 9.5

same height -0.1796 2 0.874 -0.33 -8.3 7.6

higher.lower NA 0 NA NA NA NA 

 

In summary, there is no evidence that intensity is a correlate of σ2 stress for 

either isolation or frame forms of BSh_03 adjectives. This situation is not quite the 

same as for nouns (discussed above) – where the sample was sufficiently large to 

demonstrate that intensity is definitively not a correlate of stress. 

 

As a final note, it is interesting to observe that the three isolation forms and 

the two frame forms which have a higher intensity on σ1 also happen to be the only 

adjectives in which σ2 begins with an aspirated onset: [kar.pʰo] dkar.po ‘white’, 

[sar.'pha] gsar.pa ‘new, and [mar.pʰo] dmar.po ‘red’. As noted by Gordon and 

Ladefoged (2001), aspiration on a syllable onset may be associated with non-modal 

phonation in the succeeding vowel, which may in turn result in a reduced intensity. If 

intensity on σ2 is thus depressed, intensity on σ1 will then be relatively higher. This 

may play a confounding role in the distribution here, but a larger sample would be 

required to determine its significance. 
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4.4.1.3 BSh_03 Numerals 

Intensity values for the nine numerals are plotted in Figure 4.89 below. As 

noted previously, the numerals show little acoustic variation, since they are part of a 

distinct set of related words and were recorded in sequence. Indeed, here only eight 

points are visible, because two of them overlap at (σ2, σ1) coordinates (61, 63). 

It is quite clear that intensity is not a correlate of σ2 stress: five points fall 

exactly on the dashed line, and the remaining four have a higher intensity on σ1, the 

syllable which is not stressed. The largest contrast in intensity across syllables is -2 

dB. In the box-and-whisker plot to the right below, σ1 and σ2 show almost complete 

overlap in range, and they have exactly the same median value, 63 dB. 

Figure 4.89  BSh_03 / Numerals:  Intensity 
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If all – or most of – the numerals had a [lower.higher] contrast in vowel height 

across syllables, then we could attribute this distribution to the intrinsic variation of 

intensity. But that is not the case: as shown in Figure 4.90 below, there is only one 

numeral – [ᵊʁaf.'tɕu] lnga.bcu ‘fifty’ – with the [lower.higher] contrast in vowel 

height which is predicted to have – and does have –a higher intensity on σ1. The 

[higher.lower] and [same.height] numerals – such as [tɕo.ŋas] bcu.gnyis ‘twelve’ and 

[tɕur.gu] bcu.dgu ‘nineteen’ – are not predicted to have an inherently higher intensity 

on σ1, but they, too, plot on or slightly to the left of the dashed line. 

Figure 4.90  BSh_03 / Numerals:  Intensity vs. vowel height contrast 

 

A paired-sample t-test shows that the contrast in intensity across syllables is 

marginally significant, with a p-value of  0.04. The mean difference across syllables 
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is -0.78 dB (i.e., higher on σ1). The upper 95% confidence limit of -0.03 dB means 

that an average decrease in intensity across syllables which is considered statistically 

significant might be as small as only 3/100 of a decibel, which is not even perceptible. 

Thus while intensity shows no increase from σ1 to σ2, the decrease across syllables is 

not meaningful either, and it is clear that intensity shows no correlation with stress for 

this sample of BSh_03 numerals. 

Table 4.22  BSh_03 / Numerals / Intensity: results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
BSh_03 isolation -2.401 8 0.04311 -0.78 -1.5 -0.03

 

4.4.1.4 BSh_03 Verbs 

Intensity values for verbs produced by speaker BSh_03 are plotted in Figure 

4.91 below. Except for the frame form [smɪn.ma] smin.ma ‘to be ripe’ which falls 

exactly on the dashed line, all other verbs have a higher intensity on σ1, the stressed 

syllable. The contrast is more pronounced for the isolation forms than for the frame 

forms. The lone N+Vblzr form [zaːn.za] zan.za ‘to eat food’ plots among the citation 

forms in terms of intensity, but I have excluded it from further consideration here, as I 

have done when considering the other acoustic features. In the box-and-whisker plots 

in the bottom part of the figure below, there is no overlap of either the notches – 

representing the 95% confidence interval about the median – or of the boxes – 

representing the interquartile range.  
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Figure 4.91  BSh_03 / Verbs: Intensity 
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Paired-sample t-tests, summarized below, confirm that intensity differences 

across syllables are significant, with p-values << 0.05. Even the smallest probable 

contrast of -5.5 dB – represented by the lower 95% confidence limit for the frame 

forms – would almost certainly be highly perceptible. 

Table 4.23  BSh_03 / Verbs / Citation / Intensity: results of paired-sample t-tests (two-
tailed) 

Speaker Subset t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 
lower upper 

BSh_03 
* 

isolation -17.486 34 < 2.2e-16 -10 -11 -8.8 

frame -11.7417 30 9.593e-13 -6.7 -7.8 -5.5 

  * The lone BSh_03 N+Verbalizer form was excluded. 

It is thus clear that intensity is a robust correlate of the σ1 stress perceived on 

citation forms of verbs produced by speaker BSh_03, both in isolation and in the 

sentence frame. While we know that intensity varies as a function of vowel height – 

as discussed above during consideration of nouns – it is clear that, for BSh_03 verbs, 

this variation in no case yields a higher value on σ2. That is, the correlation between 

intensity and stress is exceptionless, and any intrinsic variation is moot. 

4.4.2 Intensity for speaker BM_01 

The box-and-whisker plots in Figure 4.93 below provide a rough view of the 

contrast in intensity across syllables for BM_01 nouns and verbs. Adjectives are 

considered separately in section 4.4.2.2. 

Nouns tend to have a slightly higher intensity on σ2, the stressed syllable. 

(Note that only nouns with vowels of the same height are plotted here.) For verbs, 
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regardless of morphological type, there is a much stronger correlation between 

intensity and σ1 stress. There is a clear distinction between the patterns on non-verbs 

vs. verbs. 

Figure 4.92  BM_01 / Isolation:  Intensity contrasts (“SH” indicates that only words 
with vowels of the same height in both syllables are plotted) 

 

4.4.2.1 BM_01 Nouns 

For BM_01 nouns, intensity is sometimes higher on σ1 and sometimes higher 

on σ2; points fall to either side of the dashed line in Figure 4.93 below. This 

distribution is not quite even, though: two thirds of the points plot to the right. 
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Figure 4.93  BM_01 / Nouns:  Intensity 

 

In Figure 4.94 below, intensity values for these same nouns (excluding the 

two with diphthongs) are plotted again, but now coded in terms of vowel height. The 

graph on the left shows nouns with a contrast in vowel height across syllables. These 

do not define the tidy distinctions that we observed in BSh_03 nouns (Figure 4.81 and 

Figure 4.83). If intensity were governed by contrasts in vowel height, we would 

expect to see nouns in the [lower.higher] group – such as [naŋ.'mi] nang.mi ‘family 

members’ and [ɬla.'ŋo] lha.mo ‘goddess’ – falling consistently to the left of the 

dashed line. Likewise, we would expect to see nouns in the [higher.lower] subset – 

such as [ɓi.'la] byi.la ‘cat’ and [broq.'pa] ’brog pa ‘nomad, pastoralist’ – falling 

consistently to the right of the dashed line. Instead, the distribution seems random, 
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perhaps reflecting the inconsistency of production by this speaker. There is no 

evidence that vowel height is a controlling factor. 

Figure 4.94  BM_01 / Nouns:  Intensity vs. vowel height contrast 

 

The graph on the right above shows nouns in which the vowel is the same 

height in both syllables – such as [la.'ma] bla ma ‘lama’ or [pɸi.'lim] ‘film, movie’. 

Almost all of the points (several of which overlap) fall to the right of the dashed line, 

indicating a higher intensity on σ2, the stressed syllable. This control group thus 

suggests that intensity is, indeed, a correlate of stress for this speaker. All different 

morphological structures are included in this group: monomorphemic, compound, 

borrowed, and, of course, the one reduplicated form (borrowed from Burushaski) 

[t�u.'t�u] ‘breast’, plotting at (σ2,σ1) coordinates (79,72). 
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The differences in intensity across syllables for the three height groups are 

illustrated in the box-and-whisker plot in Figure 4.95 below. 

Figure 4.95  BM_01 / Nouns / Isolation:  Intensity difference vs. vowel height contrast 

 

Of greatest interest, as usual, are paired-sample t-tests. Results for the three 

vowel height groups are summarized in Table 4.24 below, along with test results for 

the full set of nouns. 
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Table 4.24  BM_01 / Nouns / Isolation / Intensity by height: paired t-tests (two-tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
all 5.1692 71 2.074e-06 1.7 1.0 2.3 

lower.higher 1.7936 18 0.08969 1.2 -0.20 2.5

same height 5.8217 28 2.96e-06 2.7 1.8 3.7

higher.lower 1.3438 21 0.1934 0.82 -0.45 2.1

 

When the full set of nouns is considered, the difference in intensity is 

statistically highly significant (p << 0.05), but the smallest probable mean contrast of 

1.0 dB (the lower 95% confidence limit) is just at the difference limen identified by 

Lehiste (1970). For the subsets with a contrast in vowel height, the p-value is not       

< 0.05, so the null hypothesis – that there is no significant difference across syllables 

– cannot be rejected. It is thus only for the control group that the increase in intensity 

can be considered both statistically significant (p << 0.05), and perceptible (lower 

95% confidence limit = 1.8 dB). 

In conclusion, for BM_01 nouns, intensity shows a correlation with the σ2 

stress pattern only under limited, controlled conditions. It cannot be considered a 

robust and consistent cue for stress. 

4.4.2.2 BM_01 Adjectives 

Intensity measurements for adjectives recorded from speaker BM_01 are 

plotted in terms of morphological structure in Figure 4.96 below. Most points fall to 

the right of the dashed line, with a higher intensity on σ2. (The increase is generally  

< 5 dB, as indicated by the dotted reference line.) Note that the five reduplicated 
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forms fall to either side of the dashed line. This suggests that, when segmental content 

is completely controlled, intensity may randomly be either slightly higher on σ1 or 

slightly higher on σ2. If intensity were a correlate of stress, we would expect it to be 

consistently higher on σ2 in such control groups. 

Figure 4.96  BM_01 / Adjectives:  Intensity 

 

BM_01 adjectives are plotted in terms of vowel height in Figure 4.97 below. 

Adjectives with a contrast in vowel height include [tɕʰa.'ɾu] ‘dirty’ (borrowed from 

Burushaski) and [ᵊʑum.'bo] zhim.po ‘tasty, delicious’. For the control group – the set 

of adjectives with vowels of the same height in both syllables, such as [ɬtsaχ.'ma] 
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gtsang.ma ‘clean’ and [ʈuk.'ʈuk] mthug.mthug ‘thick’– points fall close to and to 

either side of the dashed line. 

Figure 4.97  BM_01 / Adjectives / Isolation:  Intensity vs. vowel height contrast 

 

Boxplots illustrating the intensity difference for each of the three height 

groups are shown in Figure 4.98 below. In each case, the notch representing the 95% 

confidence interval about the median touches or spans the dashed line. This indicates 

that the median difference in intensity across syllables is not significantly different 

than zero. 



284 

 

Figure 4.98  BM_01 / Adjectives / Isolation:  Intensity difference vs. vowel height 
contrast 

 

Indeed, this is confirmed by the paired-sample t-tests summarized in Table 

4.25. In all three cases, the p-value is not < 0.05, so the null hypothesis – that 

intensity is the same on both syllables – cannot be rejected. The 95% confidence 

intervals span zero, meaning that, if groups of adjectives were repeatedly measured 

and analyzed, there is a possibility each time that there might be no significant 

contrast in intensity across syllables. 
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Table 4.25  BM_01 / Adjectives / Intensity by height: paired-sample t-tests (two-tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher 1.2247 5 0.2752 1.0 -1.1 3.1

same height 1.9387 14 0.07297 1.3 -0.14 2.8

higher.lower 0.4 2 0.7278 0.67 -6.5 7.8

 

In conclusion, even though intensity is often higher on σ2 in BM_01 

adjectives, the contrast is not consistent or robust enough to be identified as a 

correlate of stress. 

4.4.2.3 BM_01 Verbs 

We have already seen that intensity corresponds with σ1 stress for speaker 

BM_01 (Figure 4.18, page 181), and that N+Vblzr and citation forms exhibit different 

patterns (Table 4.8, page 182). The data is considered in greater detail here. 

Measurements for both morphological types are plotted in Figure 4.99 below. 

Here, the N+Vblzr form ['zan.ɸtɕøs] zan.bcos ‘make food’ falls exactly on the dashed 

line, but all other verbs have a higher intensity on σ1, the stressed syllable. For the 

citation forms, with only one exception the intensity difference is > 10 dB. 
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Figure 4.99  BM_01 / Verbs:  Intensity 

 

The contrasts across syllables for both BM_01 verb types are illustrated by the 

box-and-whisker plots in Figure 4.100 below. As with pitch (Figure 4.19), the citation 

forms show a dramatic decrease from σ1 to σ2, while for the N+Vblzr forms the 

contrast is less pronounced. 
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Figure 4.100 BM_01 / Verbs:  Intensity contrasts vs. morphological category 

 

Paired-sample t-tests for the two morphological types are summarized in 

Table 4.26 below. For the citation forms, p << 0.05 and, on average, intensity is 14 

dB higher on σ1 than on σ2. Even the lower 95% confidence limit of -11 dB is quite 

dramatic. The contrast in intensity across syllables is also statistically significant for 

the N+Vblzr forms, with p < 0.05 and a mean difference across syllables of -3.7 dB. 

For this group, though, there is a probability that repeated sampling could yield a 

mean intensity contrast as small as -1.1 dB, which is barely more than the just-

noticeable-difference limen of 1 dB (Lehiste, 1970) 
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Table 4.26  Intensity on Balti verbs: results of paired-sample t-tests (two-tailed) 

Speaker Subset t DF p-value 
Mean 

diff (dB) 
95 % conf. limits 
lower upper 

BM_01 
citation -9.9081 7 2.274e-05 -14 -18 -11 

N+Vblzr -3.7081 5 0.01388 -3.7 -6.2 -1.1 

 

In summary, intensity is a robust cue for σ1 stress for the BM_01 citation 

forms. For the N+Vblzr forms, intensity shows a consistent but sometimes weak 

correlation with stress. 

4.4.3 The interaction of pitch and intensity 

When pitch and intensity are considered together, the different acoustic 

signatures exhibited by verbs vs. non-verbs is quite striking. 

For speaker BSh_03, isolation forms are plotted in terms of pitch difference 

and intensity difference in Figure 4.101 above. For verbs, both pitch and intensity are 

markedly higher in σ1, the stressed syllable. For non-verbs, pitch is clearly higher on 

σ2, while intensity is sometimes higher on one syllable, and sometimes higher on the 

other. The numerals fall in a tight cluster. Since they comprise a cohesive semantic 

category and were recorded consecutively within the span of a few minutes, it is not 

surprising that they show little variation in pitch or intensity. 
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Figure 4.101  BSh_03  / Isolation:  Pitch difference vs. intensity difference 

 

Plotting pitch and intensity together was also helpful in identifying anomalies. 

In the plot above, there is one noun which falls among the verbs at coordinates (-36,-

8). This point – almost completely obscured by verbs – corresponds to the word 

‘inner shirt’ (some kind of undergarment, as described by my consultant), and is 

pronounced ['ŋgøn.mo] with a strong σ1 stress. I have no idea why this one noun has 
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the stress pattern typical of verbs; it was excluded from consideration in all other 

elements of this analysis. 

As demonstrated in section 4.4.1, intensity is highly sensitive to contrasts in 

vowel height. When the sample is controlled for vowel height – as in Figure 4.102 

below – the distribution of the non-verbs about the x-axis confirms that intensity is 

not manipulated by the speaker in order to convey stress. The verbs define a linear 

trend, indicating that pitch and intensity vary together for this lexical category. (The 

lone N+Vblzr has been omitted here.) 



291 

 

Figure 4.102  BSh_03  / Isolation / Same vowel height:  Pitch difference vs. intensity 
difference 

 

BSh_03 frame forms are plotted in terms of pitch and intensity differences in 

Figure 4.103 below. Compared to Figure 4.101, both clusters are closer to the graph’s 

origin, reflecting the constraints imposed in the sentence frame. The clusters are also 

shifted slightly upward, indicating that the intensity on σ2 is a bit higher relative to 

the intensity on σ1. This is likely a consequence of the word’s position at the focal 
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penultimate position in the carrier sentence “We X say” or “In the Balti language we 

X say”. In the case of frame forms, too, the noun ‘inner shirt’ ['ŋgøn.mo] plots with 

the verbs, at coordinates (-16, -4); again, this anomaly was excluded from the 

analyses above. 

Figure 4.103  BSh_03  / Frame:  Pitch difference vs. intensity difference 
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When controlled for vowel height, the patterns are sharpened, as shown in 

Figure 4.104 below. 

Figure 4.104  BSh_03  / Frame / Same vowel height:  Pitch difference vs. intensity 
difference 

 

One very important point which becomes clear from these graphs is that, even 

when an acoustic contrast is at its very weakest, it would still be very difficult for a 

listener to confuse lexical categories. That is, for both isolation and frame forms, if 
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we look at the non-verb and the verb which plot closest to one another, they are still 

quite far apart. Verbs and non-verbs occupy unmistakably distinct acoustic spaces. 

 

Pitch differences and intensity differences across syllables are plotted for 

speaker BM_01 in Figure 4.105 below. Again, nouns and adjectives pattern together 

and are distinct from verbs, with the exception of one point at coordinates (-88,-8). 

This corresponds to the noun ['�zuk.po] gzhug.po? ‘buttocks’, which is pronounced 

with a strong stress on the first syllable, just like a verb. This anomalous form was 

excluded from all analyses in this study. 
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Figure 4.105  BM_01  / Isolation:  Pitch difference vs. intensity difference 

 

This plot shows that there is less of a distinction between verbs and non-verbs 

than there was for speaker BSh_03. This may reflect the more casual variability 

observed throughout the recording session with this speaker. But it also reflects the 

intrinsic variation of both intensity and pitch with vowel height. In Figure 4.106 

below, when this factor is eliminated by considering only forms with vowels of the 

same height in both syllables, the contrast in lexical categories is sharpened. 
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Figure 4.106  BM_01  / Isolation / Same vowel height:  Pitch difference vs. intensity 
difference 

 

 

4.5 Vowel duration 

Evaluation of vowel duration as an acoustic correlate of stress must take into 

consideration several factors which may have an incidental effect on duration. As 

discussed in section 2.3.2.1, (a) vowels are often longer in open syllables than in 
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closed syllables; (b) low vowels are often longer than high vowels; and (c) vowels are 

often lengthened in utterance-final position. The first two factors mean that syllable 

closure and vowel quality must be controlled for. The third factor means that, if a 

longer vowel occurs in σ2 of a noun, adjective, or numeral produced in isolation, it 

will be impossible to determine whether this lengthening reflects a correlation with 

σ2 stress, or is simply related to the word’s position in the utterance. That is, there is 

essentially no point in examining vowel duration in nouns, adjectives, or numerals 

produced in isolation, because we can never really know what the duration 

measurements mean. 

This third factor is not pertinent to the verbs produced in isolation, since the 

syllable of interest is not the final syllable of the utterance – verbs are stressed on σ1, 

and this is where we must look for a correlation with stress. It is also not pertinent to 

words of any lexical category produced in the sentence frame; here, even if we are 

interested in properties of σ2 of a noun or adjective, this is not the final syllable of the 

utterance. 

Analyses of vowel duration measurements for speakers BSh_03 and BM_01 

are presented in sections 4.5.1and 4.5.2 below. It is only in verbs that we see some 

evidence that the speaker manipulates vowel duration in accord with the stress 

pattern. 

4.5.1 Vowel duration for speaker BSh_03 

If vowel duration were a meaningful correlate of stress for non-verbs, we 

would expect the vowel in σ2 to be longer than the vowel in σ1. Though many 
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individual tokens do exhibit this pattern, once incidental factors are controlled for, the 

remaining sample is too small to be very informative. For the frame forms of nouns, 

only the one reduplicated form shows a possible perceptually significant duration 

contrast. The control group of adjectives produced in the sentence frame is too small 

to assess. The numerals were only produced in isolation, and so cannot be evaluated 

at all. 

For verbs, when we consider subsets which are controlled for vowel quality, 

both isolation and frame forms do, indeed, exhibit a tendency for vowels to be longer 

in σ1, the stressed syllable. In most cases the duration contrast is probably not 

perceptually significant. But it is notable nonetheless, because all of these forms have 

a [closed.open] syllable structure, which favors a longer vowel in σ2. Thus the 

evidence suggests that the speaker manipulates vowel duration in accord with the 

stress pattern, but the resultant contrast is not highly perceptible, and is only observed 

in a limited and controlled subset.  

4.5.1.1 BSh_03 Nouns 

Vowel duration measurements for BSh_03 nouns are plotted in Figure 4.107 

below. As shown, most nouns produced in isolation and in the sentence frame have a 

longer vowel in σ2; most points plot to the right of the dashed line, and the box-and-

whisker plots show no overlap of either the notches or the boxes. At first glance, this 

gives the impression that vowel duration must be a strong correlate of σ2 stress. In 

fact, though, this is not the case: when the intrinsic effects of position in the utterance, 
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vowel quality, and syllable structure are taken into consideration, there is no evidence 

of a meaningful correlation between vowel duration and stress. 
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Figure 4.107  BSh_03 / Nouns:  Gross vowel duration (words with diphthongs and 
compensatory lengthening excluded) 
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To begin, the isolation forms can be immediately excluded from further 

consideration. As noted above, it is impossible to distinguish between σ2 lengthening 

associated with stress, and σ2 lengthening associated with a syllable’s utterance-final 

position. Even though, in the graphs above, there is little apparent difference between 

isolation and frame forms, there is still no point in pursuing the analysis; we can 

never definitively know whether or not the speaker manipulates vowel duration to 

convey stress. 

For the frame forms – where the stressed syllable is not in utterance-final 

position – the intrinsic variation in vowel duration as a function of vowel quality can 

be controlled for by considering only those nouns which have the same vowel in both 

syllables. This subset can then be evaluated in terms of syllable closure, as in Figure 

4.108 below. 

The graph on the left below shows the distribution of words with different 

syllable closure patterns. In nearly all cases, the vowel is longer in σ2, the stressed 

syllable. For the [closed.open] nouns – such as [gar.'ba] mgar.ba ‘blacksmith’ and 

[lom.'go] lo.mgo ‘first year’ – this correlation may be attributable to the contrast in 

syllable closure. Of greater interest is the fact that the two [open.closed] nouns – 

[da.pʰaŋ] mda’.’phangs / mda’.’phang ‘archery festival’ and [lo.skor] lo.skor 

‘twelve-year calendar cycle’ – also have a longer vowel in σ2. On the basis of 

syllable closure, they might be predicted to instead have a longer vowel in σ1. 
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However, with only two tokens, this is not a convincing indication of a correlation 

between stress and vowel duration. 

Figure 4.108  BSh_03 / Nouns / Same nucleus / Frame:  Vowel duration vs. syllable 
closure contrast duration (words with diphthongs and compensatory lengthening 
excluded) 

 

The real test case for a correlation with stress is the subset of nouns which not 

only have the same vowel in both syllables, but which also have the same closure 

type on both syllables; this control group is shown on the right above. If vowel 

duration were a correlate of stress, we would expect words in this group to 

consistently have a longer vowel in σ2. This is the case for both of the [open.open] 

nouns – [la.ma] bla.ma ‘lama’ and [ra.ma] ra.ma ‘goat’. But the [closed.closed] 
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nouns – [bar.tɕat] bar.chad ‘obstruction, obstacle’ and [ɕoʁ.ɕoʁ] shog.shog ‘paper’ – 

are split, one falling to either side of the dashed line. 

Indeed, in the box-and-whisker plot in Figure 4.109 below, for both the 

[open.closed] and the [same.closure] nouns the notches representing the 95% 

confidence interval about the median are quite broad – since the sample size is so 

small – and span the dashed “Vowel duration difference = 0” line. This indicates that 

the median vowel duration difference is not significantly different than zero. 

Figure 4.109  BSh_03 / Nouns / Same nucleus / Frame:  Vowel duration differences vs. 
syllable closure contrast 

 

Paired-sample t-tests, summarized in Table 4.27 below, show the same result 

for these two groups, with p > 0.05. It is only the nouns with a [closed.open] structure 
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that have a significantly longer vowel in σ2. For this group, the mean difference in 

duration across syllables is 19 msec. Here, of course, the contrast may be attributable 

to syllable structure. 

Table 4.27  BSh_03 /  Nouns / Same nucleus / Frame:  Vowel duration by syllable 
closure type: paired-sample t-tests (two-tailed) 

Vowels t DF p-value 
Mean diff 

(msec) 
95 % conf. limits 

lower upper 
open.closed 1.4 1 0.3949 18 -141 176

same closure 1.3892 3 0.2589 15 -19 48

closed.open 2.9971 11 0.01214 19 5.0 32

 

Finally, vowel duration ratios (short vowel : long vowel) for these four words 

are shown in Table 4.28 below. As discussed in section 2.5.2.3, this ratio should be   

≤ 0.5 for the duration contrast to be perceptually significant. This is not the case for 

any of the nouns in the control group.  

Table 4.28  BSh_03 /  Nouns / Same nucleus / Same closure / Frame:  Vowel duration 
ratios 

Gloss IPA WT Dur diff (msec) V / V: ratio (σ1/σ2) 

lama la. ma bla.ma 14 0.82 

goat ra.ma ra.ma 15 0.82 

obstruction bar.tɕat bar.chad -11 1.16 

paper ɕoʁ.ɕoʁ shog.shog 41 0.63 

 
In conclusion, though gross measurements for the full sample show longer 

vowels in σ2 than in σ1, once we control for all the factors which may have an 

incidental effect on duration, there is little evidence to suggest that vowel duration 

may be an acoustic correlate of stress for BSh_03 nouns. The only token with a 
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notably longer vowel in σ2 is the reduplicated form, [ɕoʁ.'ɕoʁ] shog.shog ‘paper’. It 

might be helpful, in future, to evaluate a larger set of reduplicated nouns.  

4.5.1.2 BSh_03 Adjectives 

The sample of adjectives recorded from speaker BSh_03 is simply too small 

to determine whether or not vowel duration is an acoustic correlate of stress. There 

are not enough tokens to control for the effects of position in the utterance, vowel 

quality, and syllable closure. 

Vowel duration measurements are plotted in Figure 4.110 below. For both 

isolation and frame forms, points fall to either side of the dashed line. The one word 

with compensatory lengthening in σ1 is [maː.̃'mo] mang.po ‘many’. This is the only 

word with an [open.open] syllable closure type. 
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Figure 4.110  BSh_03 / Adjectives:  Gross vowel duration (words with compensatory 
lengthening circled) 

 

All of the other BSh_03 adjectives have a [closed.open] structure. On this 

basis, they are all predicted to have an intrinsically longer vowel in σ2. Furthermore, 

in the isolation forms, σ2 is in utterance-final position, a second factor favoring a 

longer vowel here. Given these confounding influences, it is impossible to determine 

if vowels are lengthened in σ2 in order to convey stress. 

As an aside: among both isolation and frame forms, there are several 

adjectives in which the vowel is longer in σ1, plotting close to or left of the dashed 

line in the figure above. These three words – [mar.'pʰo] dmar.po ‘red’, [kar.'pʰo] 

dkar.po ‘white’, and [sar.'pʰa] gsar.pa ‘new’ – all have an [-r] coda in σ1, which may 

have a phonological lengthening effect on the preceding vowel. They also all have an 
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aspirated onset in σ2. When segment boundaries are identified in the textgrid, the 

period of aspiration is assigned to the onset consonant rather than to the nuclear 

vowel. This may result in a relatively short vowel, compared to words in which the 

onset consonant is unaspirated. These two hypotheses could be investigated in future 

with a larger data set. 

4.5.1.3 BSh_03 Numerals 

No conclusions can be formed regarding vowel duration in BSh_03 numerals, 

either. Since the numerals were recorded only in isolation, the syllable of interest as 

the locus of stress – σ2 – is subject to lengthening due to its utterance-final position. 

Contrasts in vowel quality and syllable closure also play a confounding role here. 

As shown in Figure 4.111 below, vowel duration is indeed longer in σ2 for the 

majority of numerals, with six of the nine points falling to the right of the dashed line, 

and a higher median value in σ2 than in σ1. However, since none of the incidental 

factors which influence vowel length can be teased out, it is impossible to determine 

whether or not this represents a genuine correspondence between duration and stress. 
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Figure 4.111  BSh_03 / Numerals:  Vowel duration 

 

4.5.1.4 BSh_03 Verbs 

Balti verbs present a different scenario than the non-verbs. Here, the stressed 

syllable is σ1, which – in disyllabic words – is never subject to utterance-final 

lengthening, even when produced in isolation. Thus isolation forms as well as frame 

forms can be evaluated. 

Vowel duration measurements for BSh_03 verbs are plotted in Figure 4.112 

below. These graphs show the gross, overall pattern; at this stage of the analysis, the 

intrinsic effects of vowel quality and syllable structure have not been taken into 

consideration. 
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Figure 4.112  BSh_03 / Verbs:  Gross vowel duration (circles indicate compensatory 
lengthening on σ1) 

 

Among the isolation forms, the only verb with a long vowel is the lone 

N+Vblzr form ['za:n.za] zan.za ‘to eat food’. The remaining verbs – the citation forms 

– are more or less evenly distributed to either side of the dashed line, indicating that 

sometimes the vowel in σ1 is longer, and sometimes the vowel in σ2 is longer. 

['za:n.za] zan.za ‘to eat food’ also has a long vowel when produced in the sentence 

frame. Several other frame forms have a long vowel in σ1 due to compensatory 

lengthening: ['straː.̃ma] srang.ma ‘to straighten’, and ['laː̃.ma] lang.ma ‘to get up, to 

rise’. The remaining frame forms fall to either side of the dashed line, but the 

majority have a longer vowel in σ2. 
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Since the objective here is to determine whether the speaker manipulates 

vowel duration to convey stress, the N+Vblzr form and the cases of compensatory 

lengthening are excluded from further consideration. 

The two other factors which need to be controlled for are vowel quality 

contrast and syllable closure contrast. Since all of the forms which remain under 

consideration are citation forms – with a variant of [-pa] or [-ma] as the second 

syllable – vowel quality can be controlled for by considering only those verbs which 

have [a] in the first syllable, such as ['blaq.pa] ’breg.pa ‘to shave’ and [ᵊʁzar.pa] 

’dzar.ba / gzar.ba / bzar.ba ‘to drip’. 

Isolation forms of the [a.a] verbs are plotted in terms of syllable closure 

contrast in Figure 2.11 above. Of course, among the citation forms – ending with a 

variant of [-pa] – the [open.closed] and [closed. closed] subsets have no members. 

And since there are no [open.open] [a.a] verbs42, there is nothing to represent in the 

graph on the right. But there are fourteen [a.a] verbs with a [closed.open] syllable 

closure pattern. For this group, there are two factors which favor a longer vowel 

duration in σ2, and which would lead us to predict that these verbs would plot to the 

right of the dashed line. First, the syllable template is [closed.open], and vowels are 

generally longer in open syllables than in closed syllables. Second, in isolation, the 

                                                            
42 The only [open.open] verbs are [çte.ʋa] ?? ‘to destroy, to raze’ and [tʰr̥i.bya] dri.bya ‘to smell 

(transitive)’. In these cases, the vowel is longer in σ2, the syllable which is not stressed. This may 
be attributable to the [higher.lower] vowel height pattern, since high vowels are intrinsically 
shorter than low vowels (Lehiste, 1970:18). 
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vowel in σ2 is in utterance-final position and likely to be lengthened on that basis, as 

well. 

Instead, though, the [a.a] isolation forms plot to the left of the y-axis, 

indicating that the vowel is longer on σ1. The most plausible explanation for this is 

that the vowel is preferentially lengthened in correspondence with the stress pattern. 

Figure 4.113  BSh_03 / Verbs / Same nucleus / Isolation:  Vowel duration vs. syllable 
closure contrast (N+Vblzr forms omitted) 

 

A paired-sample t-test, summarized in Table 4.29 below, indicates that the 

difference in vowel duration across syllables for this group is statistically significant, 

with p < 0.05. On average, though, the vowel in σ1 is only 12 msec longer than the 

vowel in σ2, a contrast which is only trivially longer than the difference limen of 10 

msec identified by Lehiste (1970). On repeated sampling, a mean difference of a mere 
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4.6 msec is probable, as indicated by the upper 95% confidence limit. Such a contrast 

would not be perceptible, much less perceptually significant. 

Table 4.29  BSh_03 / Verbs / [closed.open] / Same nucleus / Isolation / Vowel duration: 
results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(msec) 
95 % conf. limits 

lower upper 
BSh_03 isolation -3.5824 13 0.003342 -12 -18 -4.6

 

Vowel duration ratios (short vowel : long vowel) for the verbs in the control 

group are summarized in Table 4.30 below. The ratio is never ≤ 0.5; Lehiste (1970) 

identified this as a threshold for perceptual significance, though she noted 

considerable cross-linguistic variation. It is possible that the contrast in vowel 

duration across syllables is indeed perceptually significant for the top few words in 

the table below. For the remainder, though, it is probably not perceptually significant. 
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Table 4.30  BSh_03 /  Verbs / Isolation / [closed.open] / Same nucleus:  Vowel duration 
ratios 

Gloss IPA WT 
Dur diff 
(msec) 

V / V: ratio 
(σ2/σ1) 

to deprive ᵊ'zgak.pa sgag.pa / 
bsgags.pa 

-35 0.68 

to light ignite 'spar.ba spar.ba -24 0.72 

to rise (sun) 'ʃar.ba shar.ba -24 0.77 

to drip ᵊ'ʁzar.pa 
’dzar.ba / 
gzar.ba / 
bzar.ba 

-21 0.79 

to assign a name 'taq.pa btag.pa -18 0.80 

to fill 'skaŋ.ma bkang.ma ? -13 0.84 

to be clean, pure 'ɗaq.pa dag.pa -15 0.84 

to be tired 'χlat.pa *glad.pa -6 0.92 

to stretch 'ʂkyaŋ.ma brkyang.ma ? 
rkyangs.ma ? 

-6 0.93 

to straighten 'strãŋ.ma srang.ma -7 0.94 

to grind 'thaq.pa ’thag.pa -1 0.99 

to shave 'blak.pa ’breg.pa -1 0.99 

to get up, rise 'laŋ.ma lang.ma 2 1.02 

to release 'ʂkat.pa ?? 8 1.13 

Mean   -12 0.82 

* reconstructed Proto-Tibetan form provided by Roland Bielmeier (p.c., 2008). 
 

Nonetheless, this contrast is notable in light of the fact that duration is 

predicted – on the basis of syllable structure and utterance-final position – to be 

longer on σ2, instead. What this suggests is that the speaker does make some 

[unconscious] effort to manipulate vowel duration in accord with the stress pattern, 

but that the effect is not sufficient to override contradictory incidental factors, such as 

vowel quality and syllable closure. 
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Among the BSh_03 frame forms, there are only a few verbs that show a 

correspondence between vowel duration and stress. The subset of citation forms with 

the vowel [a] in both syllables is plotted in Figure 4.114 below in terms of syllable 

closure type. Here – in contrast to the isolation forms – the [closed.open] forms fall to 

either side of the dashed line. The verbs [ʂkyaŋ.ma] brkyang.ma ? rkyangs.ma ? ‘to 

stretch’, [xlat.pa] *glad.pa ‘ to be tired’, and [spar.ba] spar.ba ‘to light, to ignite’ 

have a longer vowel in σ2, as one might predict based on the syllable closure pattern. 

But six of the nine verbs – including [ʃar.ʋa] shar.ba ‘to rise (sun)’ and [ᵊzgak.pa] 

sgag.pa / bsgags.pa ‘to deprive’ – have a longer vowel in σ1, which is counter to 

expectations. In these six cases, it is possible that the speaker has lengthened the 

vowel because it is stressed 
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Figure 4.114  BSh_03 / Verbs / Same nucleus / Frame:  Vowel duration vs. syllable 
closure contrast (N+Vblzr forms and cases of compensatory lengthening omitted) 

 

A paired-sample t-test comparing vowel duration across syllables for the nine 

[closed.open] frame forms is summarized in Table 4.31 below. As shown, the contrast 

in duration is not significant: p > 0.05, and the 95% confidence interval includes zero. 

Table 4.31  BSh_03 / Verbs / [closed.open] / Same nucleus / Frame / Vowel duration: 
results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(msec) 
95 % conf. limits 
lower upper 

BSh_03 frame -1.0129 8 0.3408 -7.6 -25 9.6

 

Vowel duration ratios (short vowel : long vowel) for this subset, shown in 

Table 4.32 below, show results consistent with these statistics. It is only in the case of 



316 

 

the verb [ᵊ'zgak.pa] sgag.pa / bsgags.pa ‘to deprive’ that the vowel duration ratio is 

close to 0.50, the threshold for perceptual significance. 

Table 4.32  BSh_03 / Verbs / Frame / [closed.open] / Same nucleus:  Vowel duration 
ratios 

Gloss IPA WT 
Dur diff 
(msec) 

V / V: ratio 
(σ2/σ1) 

to deprive ᵊ'zgak.pa sgag.pa / 
bsgags.pa 

-51 0.52 

to drip 'ʁzar.pa 
’dzar.ba / 
gzar.ba / 
bzar.ba 

-22 0.78 

to rise (sun) 'ʃar.ʋa shar.ba -18 0.81 

to be clean, pure 'dak.pa dag.pa -12 0.85 

to assign a name 'taq.pa btag.pa -9 0.85 

to grind 'thaq.pa ’thag.pa -5 0.91 

to be tired 'xlat.pa *glad.pa 11 1.19 

to light, ignite 'spar.ba spar.ba 16 1.21 

to stretch 'ʂkyaŋ.ma brkyang.ma ? 
rkyangs.ma ? 

22 1.34 

Mean   -7 0.84 

 
 

For the frame forms, then, there are a few verbs – controlled for incidental 

factors – in which the vowel is longer in σ1, the stressed syllable. However, these 

individual cases do not constitute a consistent or significant pattern. 

 

In summary, there are some cases among both isolation and frame forms of 

BSh_03 verbs in which the vowel is longer in σ1, the stressed syllable, even when it 

is predicted to be longer in σ2 on the basis of syllable closure type. But this 

correspondence between vowel duration and stress is quite limited. Since there are so 
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many other verbs in which the vowel is longer in σ2 – the unstressed syllable – a 

listener cannot depend on vowel duration as a reliable indicator of stress. 

4.5.2 Vowel duration for speaker BM_01 

For speaker BM_01, all words were recorded in isolation only. This means 

that, for non-verbs, the stressed syllable – σ2 – is always in utterance-final position. 

There is no way to distinguish vowel length that might be attributable to stress from 

vowel length that might be attributable to this final position in the utterance. Thus 

nothing useful can be gained by analyzing nouns and adjectives produced by this 

speaker, and I do not consider them here at all. 

This problem does not arise for verbs, which are stressed on σ1. As 

demonstrated in section 4.5.2.1 below, most verbs have a longer vowel in this 

syllable; the contrast across syllables is probably perceptually significant. 

In general, as with the other acoustic parameters, the vowel duration 

measurements for speaker BM_01 show greater variation than those for speaker 

BSh_03. 

4.5.2.1 BM_01 Verbs 

Since Balti verbs are stressed on σ1, any potential correlation between vowel 

duration and stress will not be obscured by the potential for utterance-final 

lengthening – which was the case for non-verbs. 
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Duration measurements for both citation and N+Vblzr forms are plotted in 

Figure 4.115 below. As shown, with only two exceptions all verbs fall to the left of 

the dashed line, indicating a longer vowel in σ1, the stressed syllable. 

Figure 4.115  BM_01 / Verbs:  Gross vowel duration contrasts 

 

This pattern is particularly noteworthy, given that several factors instead favor 

a longer vowel in σ2: For both citation forms and N+Vblzr forms, σ2 is in utterance-

final position, and thus might be expected to have the longer vowel on that basis. 

Furthermore, all of the citation forms have a [closed.open] syllable structure, and all 

but one of them have a [higher.lower] vowel height contrast – two other factors which 

favor a longer vowel in σ2. However, the speaker has evidently manipulated vowel 

duration to override these intrinsic effects, and to instead correspond with σ1 stress.  
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For the N+Vblzr form [skʰat.zɛr]̥ skad.zer ‘to call, to shout’, the difference in 

duration across syllables is only -8 msec, which is below Lehiste’s minimal 

difference limen of 10 msec. For all of the other N+Vblzr forms, the difference ranges 

from -46 msec to -146 msec. 

The two citation forms which fall to the right of the dashed line are [dʑik.pʰa] 

’jigs.pa ‘to fear’ and [mɪn.ma] sbyin.ma ? ‘to give’, where the vowels in σ2 are 

longer by 9 msec and 26 msec, respectively. In these cases, the intrinsic effects of 

vowel quality probably play a role: vowels are shorter in high vowels than in low 

vowels, and these are the only two verbs with [i] or [ɪ] in σ1, contrasting with [a] in 

σ2. 

With all of the variation in syllable closure type and vowel height, it is not 

possible to identify a control group for either morphological type of verb. It would 

certainly be useful to evaluate a larger sample of verbs in future, but even with this 

limited sample, it is clear that vowels are indeed mostly longer in σ1, the stressed 

syllable. 

For the N+Vblzr forms, a paired-sample t-test shows that this correlation is 

statistically significant: p < 0.05, as shown in Table 4.33 below. For the citation 

forms, the contrast in duration across syllables is not statistically significant: p > 0.05. 
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Table 4.33  BM_01 / Verbs / Vowel duration:  Results of paired-sample t-tests (two-
tailed) 

Speaker Subset t DF p-value 
Mean diff 

(msec) 
95 % conf. limits 
lower upper 

BM_01 
N+Vblzr -3.8206 5 0.01236 -72 -120 -24 

citation -2.1448 7 0.06914 -24 -51 2.5 

 

Vowel duration ratios for the N+Vblzr forms are summarized in Table 4.34 

below. The short vowel : long vowel ratio averages 0.57 – or 0.50 if the anomalous 

case of [skʰat.zɛr]̥ skad.zer ‘to call, to shout’ is omitted. This suggests that the 

duration difference is probably perceptually significant. Lehiste (1970) reported a 

considerable degree of cross-linguistic variation in perceptually significant duration 

ratios; we cannot really be certain about perceptual significance in Balti without 

experimental evidence. 

Table 4.34  BM_01 /  Verbs / N+Vblzr: Vowel duration ratios 

Gloss IPA WT 
Dur diff 
(msec) 

V / V: ratio 
(σ2/σ1) 

to listen 'sna.bya rna.bya -146 0.31 

to close a door 'zgo.tɕʰukʰ sgo.bcug -82 0.43 

to cook food 'zan.ɸtɕøs zan.bcos -87 0.55 

to spread manure 'lut.taŋ lud.btang -46 0.57 

to eat food 'zan.za zan.za -63 0.64 

to call, to shout 'skʰat.zɛr ̥ skad.zer -8 0.93 

Mean   -72 0.57 

Mean w/o ‘to shout’   -85 0.50 

 
 



321 

 

As shown in Table 4.35 below, vowel duration ratios for the citation forms 

average 0.63, when [dʑik.pʰa] ’jigs.pa ‘to fear’ and [mɪn.ma] sbyin.ma ? ‘to give’ – 

the two forms where vowel height contrast plays a role – are excluded. This may also 

be a perceptually significant contrast for Balti. 

Table 4.35  BM_01 /  Verbs / Citation / [closed.open]:  Vowel duration ratios 

Gloss IPA WT 
Dur diff 
(msec) 

V / V: ratio 
(σ2/σ1) 

to know ɕɛs.pa shes.pa -69 0.51 

to meet thuk.pə thug.pa -40 0.52 

to light a fire spar.ʋa spar.ba -58 0.55 

to keep, protect stun.ma srung.ma -23 0.61 

to fly phur.ba ’phur.ba -17 0.79 

to be late ŋgor.ʋa ’gor.ba -21 0.81 

to fear dʑik.pha ’jigs.pa 9 1.11 

to give mɪn.ma sbyin.ma ? 26 1.34 

Mean   -24 0.78 

Mean w/o [i], [ɪ]   -38 0.63 

 
 

These results suggest that vowel duration is probably a perceptually 

significant correlate of σ1 stress in both N+Vblzr and citation forms of BM_01 verbs, 

especially since incidental factors favor a longer vowel in σ2. It would be helpful, in 

future, to consider a sample of verbs which is controlled for vowel quality and 

syllable closure. 
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4.6 Recapitulation 

Table 4.36 below summarizes the contributions made by pitch, pitch slope, 

intensity, and vowel duration to the stress patterns perceived in Balti. 

Pitch is the most consistent and most robust correlate of stress for words in all 

lexical categories – both the non-verbs, stressed on σ2, and the verbs, stressed on σ1. 

A listener would be able to identify the σ2 stress pattern on BSh_03 nouns, 

adjectives, and numerals from the pitch contrast alone.  

Intensity is also a robust correlate of stress for verbs. It is a limited and weak 

correlate of stress for BM_01 nouns, but otherwise is not important to the perception 

of stress in Balti non-verbs. 

Pitch slope does not play any role at all in Balti stress. Vowel duration shows 

a limited and weak correlation with stress in BSh_03 verbs. For verbs produced by 

speaker BM_01, the duration contrast across syllables is probably perceptually 

significant for N+Vblzr and citation forms. 
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Table 4.36  Acoustic correlates of stress in Balti 

 
Speaker Setting Pitch Pitch slope Intensity 

Vowel 
duration 

Nouns 

(σ2 ) 

BSh_03 
isol robust no no NA 

frame robust no no no – SS 

BM_01 isol yes no limited NA 

Adjs 

(σ2) 

BSh_03 
isol robust no no – SS NA 

frame robust no no – SS no – SS 

BM_01 isol yes no no NA 

Nums 
(σ2) 

BSh_03 isol robust no no NA 

Verbs 

(σ1) 

BSh_03 
isol robust no robust limited 

frame robust no robust limited 

BM_01 
citation robust no robust probable * 

N+Vblzr robust no limited probable * 

NA This parameter could not be analyzed. 

SS  Small Sample. The conclusion presented in the table should be considered tentative, 
as it was based on a very limited data set. 

* For both verb types, the vowel is almost always longer in σ1 than in σ2, despite a 
number of factors which would favor the opposite pattern. This suggests that the 
speaker manipulates duration to accord with stress. However, without a controlled 
sample, a conservative conclusion is to say that this is a “probable” stress correlate. 
 

In sum, pitch is an important cue for stress in Balti for all lexical categories. 

Intensity is an important correlate of stress for verbs. Vowel duration also seems to be 

manipulated in accord with the stress pattern perceived on verbs, but the effect is 

limited, given the incidental effects of vowel quality and syllable structure. 
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5. Acoustic correlates of stress in Rebkong Amdo Tibetan 

In this chapter I present my analysis of the acoustic correlates of stress in 

Rebkong Amdo, based on recordings from speakers AR_04 and AR_05. 

Results are summarized in section 5.1, organized by lexical category. Details 

of the analysis can be found in sections 5.2 through 5.5, organized by acoustic 

parameter. Pitch data is considered in section 5.2 – first for speaker AR_04 (first 

nouns, then adjectives, then verbs), and then for speaker AR_05 (first nouns, then 

adjectives, then numerals, then verbs). Pitch slope is similarly considered in section 

5.3, intensity data in section 5.4 , and vowel duration data in section 5.5. 

Finally, in section 5.6 I provide a recapitulation. Table 5.33 on page 511 

provides a grand summary of the role played by each acoustic parameter in conveying 

stress. 

5.1 Summary of acoustic correlates of stress in Rebkong Amdo 

The acoustic correlates of stress are summarized for non-verbs in section 

5.1.1, and for verbs in section 5.1.2. For both speakers, the majority of the words 

recorded and analyzed were nouns; there were about a dozen adjectives and a dozen 

numerals, and even fewer verbs. Since some of the verbs recorded could not be 

reliably segmented, only a handful remained for analysis. 

5.1.1 Non-verbs 

As in Balti, Rebkong Amdo non-verbs (nouns, adjectives, and numerals) are 

stressed on σ2, in contrast to verbs, which are stressed on σ1. 
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5.1.1.1 Nouns 

Nouns in Rebkong Amdo are stressed on σ2. The fundamental frequency-

related parameters pitch and pitch slope are the primary cues for this perceived stress 

pattern. Intensity shows a limited and weak correspondence with stress, with patterns 

influenced by the intrinsic effects of vowel height. There is no evidence to indicate 

that vowel duration correlates with stress. 

The only morphological types of nouns recorded from speakers AR_04 and 

AR_05 were monomorphemic and compound. There were no borrowed, reduplicated, 

or “unclear” forms, as there were in the Balti data set. Rebkong Amdo 

monomorphemic nouns included [na.'ma] mna’.ma ‘bride’, [ʰᵊlai.'pa] klad.pa / 

glad.pa ‘brain’, and [ndzɤ.'ɣɤ] mdzug.gu ‘digit; finger, toe’; compound nouns 

included [xtar.'ga] rta.sga (horse+saddle) ‘horse saddle’, [hʌχ.'xa] phag.sha 

(pig+meat) ‘pork’, and [ʰna.'tɕɤʁ] sna.khrag (nose+blood) ‘bloody nose; blood from 

the nose’. For speaker AR_04 I was able to segment and analyze 93 isolation forms 

and 74 frame forms; for speaker AR_05 I was able to segment and analyze 96 

isolation forms and 87 frame forms. 

5.1.1.2 Adjectives 

Like nouns, adjectives in Rebkong Amdo are stressed on the second syllable. 

This stress pattern is conveyed primarily by the fundamental frequency-related 

parameters pitch and pitch slope, in some cases functioning in complementarity. 
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Intensity exhibits a limited and weak correlation with stress only in the AR_05 frame 

forms; in adjectives produced by speaker AR_04, intensity is actually higher on σ1, in 

contrast to the perceived stress. There is no evidence of a correlation between vowel 

duration and stress, though the sample size is too small to be conclusive. 

Only a small number of adjectives were recorded for this dialect. Twelve 

isolation forms and ten frame forms were recorded from speaker AR_04, all of which 

are monomorphemic: e.g., [ka.'ru] dkar.po ‘white’; [ɕʰɤ.'ko] phyug.po ‘rich’. The 

twelve isolation forms and twelve frame forms recorded from speaker AR_05 include 

several reduplicated forms – e.g., [tɕʰʊŋ.'tɕʰʊŋ] chung.chung ‘small’, and [leʋ.'leʋ] 

leb.leb ‘flat’ – as well as monomorphemic forms, like [s�o.'ma] so.ma ‘new’. 

5.1.1.3 Numerals 

Like nouns and adjectives, Rebkong Amdo numerals are stressed on the 

second syllable. This pattern is conveyed primarily by pitch slope, and also by 

intensity. Pitch measurements suggest a weak correlation with stress. Because the 

numerals were recorded only in isolation, it is not possible to determine whether there 

is any correlation at all between vowel duration and stress. 

Numerals were recorded only from speaker AR_05. The disyllabic numerals 

recorded include nominalized forms (e.g., [ksʊm.'ba] gsum.pa ‘third’; [ᵊdʊn.'ba] 

bdun.pa ‘seventh’) as well as compound forms (e.g., [tɕʊb.'dʊn] bcu.bdun 

‘seventeen’; [ʰᵊdʊn.'tɕʊ] bdun.cu ‘seventy’). Not all of the disyllabic numerals could 
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be reliably segmented, leaving only two nominalized forms and nine compound forms 

to be analyzed. This included three pairs of compounds like ‘seventeen’ and 

‘seventy’, in which the same elements are combined in reverse order. These are of 

particular interest because stress falls on σ2 regardless of the order of morphemes – 

clear evidence that stress is governed by syllable position, rather than by segmental or 

semantic content. 

5.1.2 Verbs 

Verbs in Rebkong Amdo are stressed on σ1, in contrast to the σ2 stress 

perceived on non-verbs.  

Only a handful of verbs were recorded for each speaker, since the focus at the 

time I began my study was on nouns. For speaker AR_04, only the frame forms are 

considered here. Except as monosyllabic imperatives, it proved very difficult for this 

speaker to produce verbs in complete isolation, without the normal context of tense, 

aspect, and evidentiality. Given his discomfort with this element of the task, the 

isolation forms were generally stressed on both syllables, in a very unnatural way, 

regardless of the pattern on the prompt provided by my research assistant. The 

speaker was more comfortable producing the verbs in a sentence frame; these 

recordings sound more natural, and here a σ1 stress pattern is easy to hear. 

Despite the small sample size, several patterns emerge. Both pitch and 

intensity are always higher on σ1. For the AR_04 frame forms, the sample is too 

small (n=2) to determine whether or not these apparent correlations with stress are 
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statistically significant. For AR_05 verbs, both pitch and intensity are statistically 

significant correlates of stress, for isolation and frame forms. 

Pitch slope is never an acoustic correlate of stress in verbs, because it lacks 

contextual significance: the downward slopes on each syllable are a direct result of 

the drop in pitch across syllables. For both speakers, the sample is too small to 

determine whether vowel duration shows a correlation with stress. 

All of the verbs recorded from both speakers have a Noun+Verbalizer 

structure – e.g., [nta.hɛn] mda’.’phen ‘to shoot an arrow’; [nʌm.bɨʋ] gnam.babs ‘to 

rain’; [ɮẽ.tɕɤʋ] lan.brgyab ‘to give an answer’. For speaker AR_05, the verb 

[nʌm.baʋ] gnam.babs ‘to rain’ was anomalously produced with stress on both 

syllables in the frame form. This was the only one of the five verbs that sounded like 

this, and it was only in the frame form – not in the two isolation tokens, and not in the 

two tokens in the short sentence the speaker made up. What I think is that the speaker 

produced this word, in this context, with an anomalous stress pattern. I include it on 

the graphs for reference, but I do not include it in the statistics. 

5.2 Pitch 

Pitch can be regarded as one of two reflexes of fundamental frequency, the 

other being pitch slope, which is discussed in section 5.3. 

In Balti, pitch was identified as a robust correlate of stress for both speakers, 

for words in all lexical categories (see section 4.2). This is not quite the situation in 



329 

 

Rebkong Amdo; here, pitch is often – but not always – a robust correlate of stress. In 

cases where the pitch contrast across syllables is not so strong or so consistent, 

another acoustic correlate – pitch slope or intensity – generally plays a role in 

conveying stress. 

For speaker AR_04, analyses of nouns, adjectives, and verbs in isolation and 

in the sentence frame are presented in section 5.2.1. For this speaker, the magnitude 

of the pitch contrast across syllables is influenced by whether σ2 is open or closed. 

The intrinsic variation of pitch as a function of vowel height does not appear to play a 

significant role. 

Pitch patterns in nouns, adjectives, and verbs produced by speakers AR_04 

and AR_05 are analyzed in sections 5.2.1 and 5.2.2, respectively. 

5.2.1 Pitch for speaker AR_04 

For speaker AR_04, pitch is a robust and consistent cue for σ2 stress in both 

nouns and adjectives, in isolation and in the sentence frame. 

Because this speaker was not able to comfortably produce verbs in isolation – 

without the context of tense / aspect / evidentiality – the data collected for this group 

of samples is not useful or meaningful. For verbs produced in the sentence frame, 

though, there is some evidence of a potential correlation between pitch and σ1 stress. 

The overall patterns of pitch on σ1 and σ2 of isolation forms are illustrated in 

Figure 5.1 below. There is a great “X” through the verb portion of the plot, since this 

data is not meaningful. 
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Figure 5.1  AR_04 / Isolation:  Pitch contrasts 

 

Pitch contrasts for the frame forms are illustrated in Figure 5.2 below. Here, 

pitch clearly distinguishes the σ2 stress perceived on non-verbs from the σ1 stress 

perceived on verbs. 
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Figure 5.2  AR_04 / Frame:  Pitch contrasts 

 

 

Pitch data for AR_04 nouns, adjectives, and verbs are considered in greater 

detail in sections 4.2.1.1 through 5.2.1.3. 

5.2.1.1 AR_04 Nouns 

Pitch is a robust cue for stress for AR_04 nouns both in isolation and in the 

sentence frame. The top part of Figure 4.3 above shows that pitch is higher on σ2 – 

the stressed syllable – in all but two or three words. In fact, in most cases, points fall 

to the right of the dotted “Pitch difference = 10 Hz” reference line. In the frame forms 

the points are more tightly clustered, reflecting the prosodic constraints imposed 

when the target word is produced in a fixed sentence. There is no evidence that either 

isolation or frame forms behave differently depending on morphological structure. 
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The box-and-whisker plots in the bottom part of the figure show no overlap of 

either the notches or the interquartile ranges. Thus we can reject the null hypothesis 

and conclude – with 95% confidence – that there is a significant difference between 

the median pitch of σ1 and the median pitch of σ2, for nouns in both settings. 
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Figure 5.3  AR_04 / Nouns:  Pitch 
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Paired-sample t-tests confirm the statistical significance of the contrast in 

pitch across syllables. As summarized in Table 5.1 below, p-values are <<0.05, and 

the mean difference is a considerable 21 or 22 Hz for both isolation and frame forms. 

The 95% confidence intervals are fairly tight: if we were to repeatedly record groups 

of nouns from speaker AR_04 and compare pitch across syllables for each group, 

there is a 95% probability that the mean difference each time would fall between 20 

Hz and 23 Hz. 

Table 5.1  AR_04 / Nouns / Pitch:  Results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 
lower upper 

AR_04 
isolation 23.9072 92 < 2.2e-05 22 20 23 

frame 32.478 73 < 2.2e-16 21 20 22 

 

5.2.1.2 AR_04 Adjectives 

Pitch contrasts across syllables for AR_04 adjectives are illustrated in Figure 

5.4 below. Here, too, pitch is a robust and consistent cue for σ2 stress. In the top part 

of the figure, all of the adjectives fall to the right side of the dashed line, and most 

also fall to the right side of the dotted “+10 Hz” reference line. In the bottom part of 

the figure, the boxplots show no overlap of the notches, indicating that the median 

values of σ1 and σ2 are significantly different at the 95% confidence level. The boxes 

representing the interquartile ranges for each syllable show no overlap, either. 
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Figure 5.4  AR_04 / Adjectives:  Pitch 
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Paired-sample t-tests for AR_04 adjectives are summarized in Table 5.2. With 

p-values << 0.05, the null hypothesis must be rejected, confirming that the difference 

in pitch is highly significant. The mean increase across syllables is 17 Hz for isolation 

forms, and 23 Hz for frame forms. 

Table 5.2  AR_04 / Adjectives / Pitch:  Results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 
lower upper 

AR_04 
isolation 6.1397 11 7.314e-05 17 10.90 23.09 

frame 15.8297 9 7.062e-08 23 15.83 26.29 

 

Thus even though the sample size is small, the pattern is consistent, and the 

correlation between pitch and σ2 stress is robust. 

5.2.1.3 AR_04 Verbs 

Pitch measurements for AR_04 verbs are plotted in Figure 5.5 below. As 

noted above, this speaker was not at all comfortable producing the verbs in isolation, 

without the context of tense/aspect/evidentiality. Thus the graph on the left below 

does not faithfully represent pitch in AR_04 verbs. The two frame forms – which 

were produced more naturally – both have a higher pitch on σ1, the stressed syllable, 

and so plot to the left of the dashed line below. 
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Figure 5.5  AR_04 / Verbs:  Pitch 

 

With only two tokens, a paired-sample t-test would not be meaningful here. 

Nonetheless, the two verbs considered clearly behave differently than non-verbs, and 

suggest a potential correlation between pitch and stress. It would be useful to consider 

a larger sample in future. 

5.2.2 Pitch for speaker AR_05 

Pitch has been identified as a correlate of σ2 stress in non-verbs and of σ1 

stress in verbs for both Balti speakers (section 4.2) and for speaker AR_04 (section 

5.2.1). For speaker AR_05, however, the correlation between pitch and stress is not so 

reliable. Specifically, for non-verbs produced in isolation, pitch is not consistently 

higher on σ2. In fact, for nearly 20% of the nouns, pitch is actually higher on σ1, the 

syllable which is not stressed. (However, as I demonstrate in sections 5.3.2 and 5.3.3 
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below, pitch slope is a robust cue for stress in the cases where pitch is not; pitch and 

pitch slope are complementary reflexes of fundamental frequency in Rebkong 

Amdo.) 

Pitch contrasts for AR_05 isolation forms of nouns, adjectives, and verbs are 

illustrated in the box-and-whisker plots in Figure 5.6 below. (Numerals are 

considered in section 5.2.2.3.) As shown, for nouns and adjectives there is 

considerable overlap in the range of pitch values measured on the two syllables; for 

adjectives, the notches overlap as well. (This is considerably different than the pattern 

observed for speaker AR_04, as illustrated in Figure 5.1 on page 330.) For verbs, 

pitch is clearly a strong cue for the perceived σ1 stress. 

Figure 5.6  AR_05 / Isolation:  Pitch contrasts 
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For frame forms, the pitch contrasts are much sharper, as illustrated in Figure 

5.7 below. The patterns here are reminiscent of those of the Balti speakers and of 

speaker AR_04, with pitch clearly distinguishing the σ2 stress perceived on non-verbs 

from the σ1 stress perceived on verbs. 

Figure 5.7  AR_05 / Frame:  Pitch contrasts 

 

 

Pitch data for AR_05 nouns, adjectives, numerals, and verbs are considered in 

greater detail in sections 5.2.2.1 through 5.2.2.4. 

5.2.2.1 AR_05 Nouns 

Pitch measurements for AR_05 nouns are plotted in Figure 5.8 below. If pitch 

were a robust cue for the perceived σ2 stress pattern, then nearly all nouns would fall 
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well to the right of the dashed “0” line. For the isolation forms, this is clearly not the 

case. Many nouns plot to the left of the dashed line, indicating a higher pitch on σ1, 

the unstressed syllable. And even among those nouns which do have a higher pitch on 

σ2, the contrast is < +10 Hz for all but a handful of compound forms. In fact, there is 

a distinct rightward “bulge” of isolation forms in which σ2 pitch is greater than ~ 135 

Hz; all of these forms are compounds. 

For the frame forms, pitch is indeed higher on σ2 in almost all cases, though 

the contrast across syllables is often < +10 Hz. Here, too, many of the nouns with a 

high pitch on σ2 are compounds. 
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Figure 5.8  AR_05 / Nouns:  Pitch 
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For both isolation and frame forms, the observed pitch pattern is influenced by 

two factors: (a) a tendency for pitch to be higher on σ2 when σ2 is closed; and (b) the 

intrinsic variation of pitch with vowel height. 

The effect of σ2 closure is illustrated by the plots in Figure 5.9 below. 

Figure 5.9  AR_05 / Nouns:  Pitch vs. σ2 closure 

 

It is quite clear here that pitch is always higher than 130 Hz on σ2 whenever 

σ2 is closed. (The template of σ1 is not relevant: about half of these filled circles have 

an [open.closed] structure and about half have a [closed.closed] structure, and they 

appear to be randomly distributed.) This correspondence between pitch and syllable 

closure accounts for the rightward “bulge” in the distribution of isolation forms in 

Figure 5.8. In monomorphemic nouns σ2 is open, since it is generally a variant of     

[-pa] or [-ma]. Thus all of the words with a closed σ2 are compounds.  
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The reason pitch on the σ2 vowel is relatively high in these words has to do 

with the fact that pitch slope is an important correlate of σ2 stress in Amdo nouns (as 

discussed in detail in section 5.3.) When σ2 is open, pitch leaps to an early peak on 

the vowel, and then declines through to the end of the word. This is illustrated in the 

pitch trace for [na.'pa] nad.pa ‘sick person, patient’ in Figure 5.10 below 43. Pitch for 

the vowels in σ1 and σ2 was measured (over the medial 50%) as 116 Hz and 120 Hz, 

respectively, so the increase in mean pitch across syllables is a mere 4 Hz. 

Figure 5.10  AR_05 / Nouns / Isolation / Pitch trace: [na.'pa] nad.pa ‘sick person, 
patient’ 

 

                                                            
43 In this and other figures, the solid line shows pitch, and the dashed line shows intensity. 
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On the other hand, when σ2 is closed, pitch slope is borne not just by the 

vowel, but by the entire rhyme. As illustrated for the word [xtsa.'tʰʌŋ] rtswa.thang 

‘pasture, grazing area’ in Figure 5.11 below, when so much of the decline is carried 

by the coda, the vowel itself carries a relatively high mean pitch.  

Figure 5.11  AR_05 / Nouns / Isolation / Pitch trace: [xtsa.'thʌŋ] rtswa.thang ‘pasture, 
grazing area’ 

 

In this case, when the pitch measured for σ1 (123 Hz) is compared to the pitch 

measured over the full rhyme of σ2 (126 Hz), the increase across syllables is a trivial 

3 Hz, comparable to the 4 Hz difference calculated for [na.'pa] above. But when the 
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pitch measured for σ1 is compared to the pitch measured for only the vowel of σ2 

(140 Hz), the increase across syllables is an exaggerated 17 Hz. 

This same effect occurs in the frame forms, as illustrated by comparing the 

word [na.'pa] nad.pa ‘sick person, patient’, where σ2 is open (Figure 5.12) ...   

Figure 5.12  AR_05 / Nouns / Frame / Pitch trace: [na.'pa] nad.pa ‘sick person, patient’ 

 

… with the word [sʰo.nɨm] bsod.nams ‘merit, luck’, where σ2 is closed (Figure 5.13). 
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Figure 5.13  AR_05 / Nouns / Frame / Pitch trace: [sʰo.nɨm] bsod.nams ‘merit, luck’ 

 

All nouns with a closed σ2 are influenced by this factor, because all of the 

codas are pitch-bearing voiced continuants. What is clear from this is that it would be 

preferable, in future studies, to measure pitch (and pitch slope) for the entire rhyme in 

such cases, rather than for just the nuclear vowel in each syllable. For the present, 

though, this factor can be controlled for by focusing the analysis on those nouns in 

which σ2 is open. These are plotted in Figure 5.14 below. 
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Figure 5.14  AR_05/ Nouns / σ2 Open:  Pitch 

 

Having thus controlled for the incidental effects of σ2 closure, the potential 

influence of vowel height contrast can be considered.  

Isolation forms of nouns with σ2 open are plotted in terms of vowel height in 

Figure 5.15 below. (The seven ‘σ2-open’ words which have a diphthong in σ1 are 

excluded from these plots.) When there is a contrast in vowel height across syllables, 

there is some tendency for pitch to be higher on whichever syllable has the higher 

vowel, as one might predict following Lehiste. As shown, all of the [lower.higher] 

nouns – predicted to have a higher pitch on σ2 – indeed do fall to the right of the 

dashed line. Furthermore, the only nouns which have a higher pitch on σ1 – falling to 

the left of the dashed line – are those which have a higher vowel in that syllable, the 

[higher.lower] nouns. However, other [higher.lower] nouns have a higher pitch on σ2, 
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which may reflect some degree of correlation with stress. For this subset, one could 

say that stress “outranks” vowel height contrast as the factor governing pitch. 

Nouns with vowels of the same height in both syllables fall to either side of 

the dashed line, though skewed to the right. 

Figure 5.15  AR_05 / Nouns / σ2 Open / Isolation:  Pitch vs. vowel height 

 
 

The magnitude of the pitch contrast across syllables is thus somewhat 

influenced by the contrast in vowel height; a steady trend is illustrated in the box-and-

whisker plot in Figure 5.16 below. For the control group – those with vowels of the 

same height in both syllables – the notch representing the 95% confidence interval 

about the median skims the dashed “0” line. 
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Figure 5.16  AR_05 / Nouns / σ2 Open / Isolation:  Pitch differences vs. vowel height 

 
 
Paired-sample t-tests, summarized in Table 5.3 below, indicate that the 

increase in pitch across syllables is barely statistically significant for the control 

group, with p = 0.0278. The difference is certainly not perceptually salient, with a 

mean difference of only 2.2 Hz, and a lower 95% confidence limit of 0.2 Hz. This 

reflects the fact that, in about one third of the nouns in the sample population, pitch is 

actually higher on σ1, the unstressed syllable. 
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Table 5.3  AR_05 / Nouns / σ2 Open / Isolation:  Pitch by vowel height contrast: paired-
sample t-tests (two-tailed) 

Vowels t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 

lower upper 
lower.higher 6.6312 16 5.772e-06 6.8 4.6 8.9 

same height 2.3488 23 0.0278 2.2 0.2 4.1 

higher.lower 1.8947 22 0.07135 1.8 -0.17 3.7 

 

In conclusion, once the incidental effects of syllable closure and vowel height 

have been controlled for, we can see that pitch shows a statistically significant 

correlation with σ2 stress, but that the pitch contrast across syllables cannot be 

considered perceptually significant. In fact, a statistically meaningful contrast may be 

smaller than the just-noticeable difference of 1 Hz (Lehiste 1970). Therefore pitch 

cannot be considered a correlate of stress for AR_05 isolation nouns. 

 

The frame forms with σ2 open manifest a considerably different pattern. (See 

also Figure 5.8, page 341.) As illustrated in Figure 5.17 below, pitch is only weakly 

influenced by the contrast in vowel height across syllables – with some distinction 

between the distributions of [lower.higher] and [higher.lower] groups – but all nouns 

(with one exception) still fall to the right of the dashed line, with a higher pitch on σ2. 
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Figure 5.17  AR_05 / Nouns / σ2 Open / Frame:  Pitch vs. vowel height contrast 
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Paired-sample t-tests for the frame forms, summarized in Table 5.4 below, 

indicate that the difference in pitch across syllables is highly significant for all height 

groups, with p << 0.05. When the full set of frame forms with an open σ2 is 

considered, the mean difference in pitch is 12 Hz, and the 95% confidence limit is 

fairly narrow. 

Table 5.4  AR_05 / Nouns / σ2 Open / Frame:  Pitch by vowel height contrast: paired-
sample t-tests (two-tailed) 

Vowels t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 

lower upper 
lower.higher 14.2869 17 6.69e-11 14 12 16 

same height 10.9494 23 1.344e-10 12 9.7 14 

higher.lower 10.6991 19 1.753e-09 11 8.7 13 

all 21.642 68 < 2.2e-16 12 11 14 

 

Thus for nouns produced in the sentence frame – unlike those produced in 

isolation – the contrast between the mean pitch on σ1 and the mean pitch on σ2 is 

both statistically and perceptually significant, indicating a correlation between pitch 

and perceived σ2 stress. Contrasts in σ2 closure have an incidental effect on pitch 

measurements, while contrasts in vowel height do not. 

5.2.2.2 AR_05 Adjectives 

The pitch patterns for AR_05 adjectives are similar to those described above 

for nouns. As illustrated in Figure 5.18 below, for the frame forms, the correlation 

between pitch and stress is quite clear. All points indicate a higher pitch on σ2, and 

even plot to the right of the dotted “+10 Hz” reference line. A paired-sample t-test, 
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summarized in Table 5.5 below, shows that the difference across syllables is both 

statistically and perceptually significant (p << 0.05; mean difference = 15 Hz). 

Table 5.5  AR_05 / Adjectives / Frame / Pitch:  Results of paired-sample t-tests (two-
tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 
lower upper 

AR_05 frame 15.0312 11 1.115e-08 15 12.87 17.29
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Figure 5.18  AR_05 / Adjectives:  Pitch 
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For the isolation forms, there is no such clear correlation. Four of the twelve 

tokens show no difference in pitch across syllables, and a fifth – [no.'χo] nag.po 

‘black’ – has a distinctly higher pitch on σ1. The two reduplicated forms which plot 

to the right of the dotted “+10 Hz” reference line – [ɮeʋ.lɛʋ] leb.leb ‘flat’ and 

[tɕʰʊŋ.tɕʰʊŋ] chung.chung ‘small’ – are also the only two words with a closed σ2. As 

was the case with nouns, since much of the pitch slope is carried by the coda when σ2 

is closed, the pitch measured over the medial 50% of the vowel is exaggerated. This 

is illustrated in Figure 5.19 below. 

Figure 5.19  AR_05 / Adjectives / Isolation / Pitch trace: [ɮeʋ.lɛʋ] leb.leb ‘flat’ 
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Excluding these two cases with a closed σ2 – and also the one case with a 

diphthong in σ1 – the remaining adjectives are plotted in terms of vowel height 

contrast in Figure 5.20 below. The plot is too sparse to draw any firm conclusions 

about the potential influence of vowel height contrast on pitch. In the boxplot at the 

bottom of the figure, the notch representing the control group intersects the “0” line, 

indicating that the median pitch difference is not significantly different than zero. In 

fact, the notches for the three height groups overlap one another; it is not clear that 

there is any real basis for distinguishing between them. 
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Figure 5.20  AR_05 / Adjectives / σ2 Open / Isolation:  Pitch vs. vowel height contrast 
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A paired-sample t-test for the set of nine σ2-open adjectives is summarized in 

Table 5.6 below. Here, p > 0.05 and the 95% confidence interval includes zero. This 

means that the null hypothesis – that there is no significant difference in pitch across 

syllables – cannot be rejected. 

Table 5.6  AR_05 / Adjectives / σ2 Open / Isolation / Pitch:  Results of paired-sample t-
tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 
lower upper 

AR_05 isolation 1.3914 8 0.2016 2.4 -1.6 6.5

 

In conclusion, for AR_05 adjectives, pitch is a robust cue for stress in the 

frame forms, but is not a correlate of stress at all for the isolation forms. Nonetheless, 

as will be shown in section 5.3.2.2, pitch slope is a robust correlate of stress in exactly 

those cases in which pitch is not. 

5.2.2.3 AR_05 Numerals 

Pitch contrasts for all the numerals which could be measured are plotted in 

Figure 5.21 below. If pitch were a robust and reliable correlate of stress, all points 

would fall well to the right of the dashed line. As shown, most of the numerals do, but 

some are quite close to the dashed line – indicating minimal contrast across syllables 

– and two even fall to the left of the line – including the nominalized form [ksʊm.ba] 

gsum.pa ‘third’ at (σ2, σ1) coordinates (136,146). The median values for the two 

syllables are not significantly different from one another, as illustrated by the overlap 

of notches in the boxplot to the right below. 
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Figure 5.21  AR_05 / Numerals:  Pitch 

 

With such a small sample, it is particularly important to determine if the 

distribution is skewed by incidental factors, such as a contrast in vowel height across 

syllables. As shown in Figure 5.22, however, the pattern seems to be dominated by a 

correlation between pitch and stress, rather than by a correlation between pitch and 

vowel height. Several of the [higher.lower] numerals have a higher pitch on σ2 – 

plotting to the right of the dashed line – even though the vowel height contrast would 

predict otherwise. And the [same.height] numerals fall mostly to the right, rather than 

being evenly distributed to either side of the dashed line. 
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Figure 5.22  AR_05/ Numerals / Isolation:  Pitch vs. vowel height contrast 
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As shown in the box-and-whisker plot above, the notches for the 

[lower.higher] and [higher.lower] groups span the “0” line, indicating that the median 

difference in pitch across syllables is not significantly different than zero. Indeed, 

paired-sample t-tests for these subsets – summarized in Table 5.7 below – yield very 

large 95% confidence intervals, which is not surprising given the small sample sizes. 

The contrast in pitch across syllables is not statistically significant (p > 0.05) for 

either of these groups. 

Table 5.7  AR_05 / Numerals / Pitch by vowel height contrast:  Paired-sample t-tests 
(two-tailed) 

Vowel ht. t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher 1.4 1 0.3949 3.5 -28 35 

same height 2.8852 5 0.03438 9.2 1.0 17 

higher.lower 0.3203 2 0.7791 2.0 -25 29 

all 2.5055 10 0.03115 6.2 0.68 11 

 

For the control group, a paired-sample t-test shows that the difference in pitch 

across syllables is statistically significant (p < 0.05), with a mean of 9.2 Hz. However, 

as indicated by the lower 95% confidence interval, a statistically significant mean 

difference may be as small as 1.0 Hz, which is just at the threshold of perceptibility. 

When the entire set of eleven numerals is considered, the lower 95% confidence limit 

of 0.68 Hz is smaller than the just-noticeable difference of 1 Hz (Lehiste). 

In conclusion, then, a limited and controlled subset of the data shows a 

statistically significant but perceptually trivial correlation with the σ2 stress perceived 
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in AR_05 numerals. Based on these findings, I do not consider pitch to be a cue for 

stress for this lexical category. 

5.2.2.4 AR_05 Verbs 

For AR_05 verbs, the isolation forms exhibit a consistent and strong 

correlation between pitch and σ1 stress, despite the small sample size, as illustrated in 

Figure 5.23 on the following page. 

Frame forms too, show a clear correlation between pitch and stress, though the 

contrast across syllables is more subdued, with points plotting closer to the dashed 

line in Figure 5.23 . Also, as discussed in section 5.1.2, the verb [nʌm.baʋ] 

gnam.babs ‘to rain’ was produced with equal prominence on both syllables. This 

seems to have been an anomalous pronunciation, compared to the pronunciation of 

this same word in isolation and in the speaker’s own short, spontaneous sentence, and 

also compared to all of the other verbs both in isolation and in the sentence frame. I 

have included this verb in the distribution graphs below, for reference, but I have 

excluded it from box-and-whisker plots and statistical tests. 
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Figure 5.23  AR_05 / Verbs:  Pitch 
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As was the case with numerals, since the sample of verbs is small, it is 

particularly important to check for any potential skewing due to incidental factors. 

That is, if all of the verbs here had a [higher.lower] vowel contrast, then the 

distribution observed could be entirely attributable to the predicted correlation 

between pitch and vowel height, and we would not be able to draw any firm 

conclusions about stress. However, this can be ruled out. The set of isolation forms 

includes only one [higher.lower] verb: [ʋu.dʑəp] wu.brgyab ‘to shoot a gun’; there 

are also three [same.height] forms, and one [lower.higher] form, and all of these 

clearly have a higher pitch on σ1, as well. For frame forms, the only verb with a 

[higher.lower] vowel contrast happens to be [nʌm.baʋ] gnam.babs ‘to rain’, which – 

as noted above – seemed to be an anomaly. 

Having thus ruled out the potential influence of vowel height, we can 

conclude that the speaker has manipulated pitch in order to convey stress. Paired-

sample t-tests, summarized in Table 5.8 below, confirm that the contrast across 

syllables is statistically significant (p < 0.05) for both isolation and frame forms. For 

the isolation forms, this contrast is also clearly perceptually significant: on average, 

pitch in σ1 is 32 Hz higher than pitch in σ2, and the minimum significant mean 

difference (the upper 95% confidence interval) is -22 Hz. For the frame forms, the 

mean difference across syllables is -14 Hz, and the minimum probable mean 

difference is only -5.8 Hz. 
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Table 5.8  AR_05/ Verbs / Pitch:  Results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz) 
95 % conf. limits 
lower upper 

AR_05 
isolation -9.0249 4 0.000835 -32 -41 -22 

frame * -5.5092 3 0.01177 -14 -22 -5.8 

* The verb ‘to rain’ has been excluded. 

In conclusion, for the isolation forms of AR_05 verbs, pitch is a robust cue for 

σ1 stress. The contrast across syllables is so strong that a listener could probably 

identify the stress pattern without reinforcement by any other acoustic cues. For the 

frame forms, pitch is a consistent correlate of stress, but the contrast across syllables 

is not as dramatic as for the isolation forms. Nonetheless, the pattern is clear, and is 

clearly distinct from the pitch pattern observed on non-verbs. 

5.3 Pitch slope 

The very first time that I heard Rebkong Amdo Tibetan spoken, I was 

immediately struck by a dramatic fall in pitch on the second syllable of disyllabic 

nouns. This was such a highly perceptible feature – and it seemed so clearly to serve 

as a cue for stress – that it was at once obvious to me that a study of the acoustic 

correlates of stress in Rebkong Amdo could not be complete without considering this 

factor. I subsequently noted this same dramatic pitch slope in the speech of all of the 

other Rebkong Amdo speakers I worked with – in Xining, in Rebkong, and in 

Kathmandu. 

Pitch slope data for speakers AR_04 and AR_05 is considered in detail in 

sections 5.3.1and 5.3.2 below. 
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5.3.1 Pitch slope for speaker AR_04 

Pitch slope contrasts for the isolation forms of AR_04 nouns, adjectives, and 

verbs are illustrated by the box-and-whisker plots in Figure 4.21 above. For nouns 

and adjectives, pitch in σ1 sometimes slopes upward, and sometimes slopes 

downward. In σ2, pitch always slopes downward. There is a considerable contrast in 

pitch slope across syllables, with no overlap of the notches – representing the 95% 

confidence interval about the median – or the boxes – representing the interquartile 

range. As discussed previously, this speaker was not able to produce verbs in 

isolation in a natural way, so I consider this small set of data invalid and have X-ed 

through it here. 

Figure 5.24  AR_04 / Isolation / Pitch slope contrasts 
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In the frame forms, illustrated in Figure 5.25 below, nouns and adjectives 

show similar patterns, though more subdued. For adjectives, measurements on the 

two syllables fall within much the same range, as evidenced by the overlap of notches 

and boxes. The two verbs analyzed also exhibit a “more downward” slope in σ2 than 

in σ1, but this does not reflect a correlation with σ1 stress; rather, it is a direct 

outcome of the pitch contrast across syllables, as discussed below. 

Figure 5.25  AR_04 / Frame / Pitch slope contrasts 

 

Pitch slope data for AR_04 nouns, adjectives, and verbs are considered in 

greater detail in sections 5.3.1.1 through 5.3.1.3 below. 
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5.3.1.1 AR_04 Nouns 

Pitch slope is a robust correlate of σ2 stress in AR_04 nouns, for both 

isolation and frame forms. The contrast in slope across syllables is statistically, 

perceptually, and contextually significant. 

Pitch slope measurements for the isolation forms of AR_04 nouns are 

illustrated in Figure 5.26 below. The general pattern is represented by the box-and-

whisker plot to the right. In σ1, pitch usually slopes downward; it slopes upward in 

less than half the examples. In σ2, pitch always slopes downward, usually rather 

steeply. There is a significant difference in the slopes measured in the two syllables: 

neither the notches – representing the 95% confidence interval about the median 

value – nor the boxes – representing the interquartile range – overlap at all. 

Figure 5.26  AR_04 / Nouns / Isolation:  Pitch slope 
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In the distribution plot at left above, nearly all points fall to the right of the 

dashed line, indicating that pitch slope is “more downward” in σ2 – the stressed 

syllable – than in σ1. That is, even in a word in which pitch slopes downward in σ1, it 

slopes downward more steeply in σ2. There are only a handful of exceptions to this 

pattern, including the compound form [ɖoʁ.sʰa] ’brog.sa ‘nomad area’ at (σ2, σ1) 

coordinates (-19, -52) and the monomorphemic form [xkɤ.pa] skud.pa ‘thread’ at     

(-28, -39). 

The statistical significance of the contrast in slope across syllables is 

confirmed by a paired-sample t-test. As indicated in Table 5.9 below, p << 0.05. The 

mean slope difference is -29 Hz/100msec, with a 95% confidence interval ranging 

from -33 Hz/100 msec to -25 Hz/100msec. I know that differences of this magnitude 

are perceptually highly significant, since I was struck by the contrast upon first 

hearing the language in the field, and also in these recordings. (There is no other basis 

by which to judge perceptual significance, since pitch slope has not been widely 

considered as an acoustic correlate of stress and there is no experimental evidence 

available.) 

Table 5.9  AR_04 / Nouns / Isolation / Pitch slope:  Results of paired-sample t-tests (two-
tailed) 

 Setting  Subset t DF p-value 
Mean diff 

(Hz/100msec) 
95 % conf. limits 
lower upper 

AR_04  Isolation -16.3817 92 < 2.2e-16 -29 -33 -25 
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Finally, what makes pitch slope such a prominent cue for stress in the AR_04 

isolation forms is its contextual significance. The downward pitch slope in σ2 

contrasts with – and, in fact, is highlighted by – the overall increase in pitch across 

the word, from σ1 to σ2. This contrast between pitch and pitch slope is illustrated in 

Figure 5.27 below. These graphs show the difference in pitch across syllables vs. the 

difference in pitch slope across syllables. The plot on the right includes only those 

words which have vowels of the same height in both syllables: this factor can have an 

intrinsic effect on pitch. Here, though, there is no remarkable difference between this 

graph and the one on the left, which includes all nouns regardless of vowel height. 

Figure 5.27  AR_04 / Nouns / Isolation:  Pitch difference vs. pitch slope difference 

 

Almost all of the nouns fall in the lower right quadrant of the graph. Points 

plot to the right of the y-axis – meaning that pitch rises from σ1 to σ2 – and below the 
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x-axis – meaning that pitch slopes downward within σ2. This contrast – a downward 

slope set against a background rise – lends particular salience to the pitch slopes 

measured in σ2.44 

The fact that most nouns fall well within the lower right quadrant reflects the 

fact that pitch and pitch slope usually reinforce one another as correlates of stress. A 

prototypical example is the compound noun [xka.tɯx] skad.lugs ‘dialect’, shown in 

Figure 5.28 below. In the vowel in σ1, pitch slopes downward at -10 Hz/100msec. In 

σ2 pitch slopes downward much more steeply, at -51 Hz/100msec. The difference in 

slope is calculated as (-51) – (-10) = -41 Hz/100msec. 

                                                            
44 This is quite different from the pattern observed in BSh_03 nouns, where – rather than 

contrasting with the pitch pattern – pitch slope merged with the pitch pattern and could not be 
distinguished from it. In Figure 3.39, BSh_03 nouns plot in the upper right quadrant of the graph. 
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Figure 5.28  AR_04 / Noun / Pitch trace: [xka.tɯx] skad.lugs ‘dialect’ 

 

In addition, though, the downward-sloping pitch in σ2 takes place at a higher 

overall pitch level compared to that in σ1: the average pitch over the medial 50% of 

the vowel was measured as 164 Hz in σ1, and as 186 Hz in σ2, for an increase across 

syllables of 22 Hz. Thus both pitch and pitch slope are more prominent in σ2. In fact, 

in this word, pitch and pitch slope are the only parameters that convey σ2 stress. 

Intensity does not play a role: intensity is higher on σ1, not σ2 (Δintensity = -9 dB). 

Nor does vowel length play a role: the vowel in σ1 is longer than that in σ2 

(Δduration = -10 msec). Finally, vowel quality does not contribute to stress, either: 

the vowel in σ1 is full [a] while that in σ2 is reduced to [ɯ]. 
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Another representative example is the monomorphemic noun [ʈɤ.ma] dri.ma 

‘smell, scent, odor’, shown in Figure 5.29 below. The difference in slope across 

syllables is (-28.29) – (-3.85) = -24 Hz/100msec; the difference in pitch is 22 Hz. In 

this case, intensity also corresponds with stress (Δintensity = 4 dB), and the vowel is 

longer in σ2 (Δduration = 39 msec). This example also shows that when the 

consonant at the syllable boundary is a sonorant, the pitch contour exhibits some 

transitional curves, and the slope on σ2 is not so distinctly straight and constant as it 

was in Figure 5.28. 

Figure 5.29  AR_04 / Noun / Pitch trace: [ʈɤ.ma] dri.ma ‘smell, scent, odor’ 
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There are a few nouns in which pitch slope alone lends prominence to σ2; 

these are points that fall very close to the y-axis in Figure 5.27. An example is the 

compound noun [xtax.tɕɤχ] rta.lcag ‘horse whip’, shown in isolation in Figure 5.30 

below. Pitch declines gently over the vowel in σ1, with slope measured as -8.3 

Hz/100msec. In σ2 pitch declines much more steeply, at a rate of -56 Hz/100msec. 

The difference in pitch slope across syllables is audibly (and here, visibly) quite 

striking; the difference in slope is calculated as -48 Hz/100msec. 

Average pitch itself does not contribute to the perception of σ2 stress in this 

word: the average pitch across the medial 50% of the vowel was measured as 171 Hz 

in σ1 and as 172 Hz in σ2, for an increase across syllables of only 1 Hz. (This is very 

different than what we observed in nouns produced by Balti speaker BSh_03, in 

section 4.23. There, pitch slope was an epiphenomenon of the pitch increase from σ1 

to σ2.) And intensity is actually higher in σ1, the syllable which is not stressed: 

intensity over the medial 50% of the vowel was measured as 79 dB in σ1 and 74 dB 

in σ2, for a decrease across syllables of 5 dB. (Of course, this intensity contrast may 

in part be attributed to the contrast in vowel height across syllables, as will be 

discussed in greater detail in section 5.4.) The vowel is longer in σ2 (166 msec) than 

in σ1 (151 msec), but it is not possible to determine whether this reflects a correlation 

with stress or not, since vowels are often lengthened in the final syllable of an 

utterance. Finally, vowel quality cannot be a factor contributing to the perception of 

stress, since the vowel in σ2 is reduced to [ɤ], while the vowel in σ1 is full [a]. 
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Figure 5.30  AR_04 / Noun / Pitch trace: [xtaç.tɕɤχ] rta.lcag ‘horse whip’ 

 

This example thus demonstrates that pitch slope alone can be manipulated in 

order to convey stress. In fact, one notable feature of the pitch traces in Figure 5.28 

and Figure 5.30 is that the downward slope in σ2 is straight and constant. There is no 

leveling off of the curve at any point, no stage at which the speaker maintains a 

steady target pitch, however brief. Rather, it appears that the slope itself is the 

speaker’s target. 

There are also a few nouns in which pitch plays a greater role than pitch slope 

in conveying σ2 stress; these are points that fall close to the y-axis in Figure 5.27. In 

[çtɤr.̥kɤ] sprul.sku ‘incarnation, incarnate lama’, for example, the contrast in pitch 

slope across syllables is only -7 Hz/100msec, but the contrast in pitch across syllables 
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is 27 Hz. (In this case there is no difference in vowel quality across syllables, and 

intensity increases 2 dB from σ1 to σ2.) The pitch trace for this word is shown in 

Figure 5.31 below. 

Figure 5.31  AR_04 / Noun / Pitch trace: [çtɤr.̥kɤ] sprul.sku ‘incarnation, incarnate 
lama’ 

 

The examples above included cases in which σ2 was open, and cases in which 

σ2 was closed. As illustrated in Figure 5.32 below, pitch slope shows the same 

general pattern for both templates. The only slight difference is that, when σ2 is 

closed, pitch in the vowel shows greater variation, with points dispersed a bit more 

widely along the x-axis. But in both structural types, with only a handful of 

exceptions, points fall to the right of the dashed line, indicating that slope is more 
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prominent in σ2. This reflects the fact that the speaker is consistently – though 

unconsciously – manipulating pitch in order to create this distinctive slope, which 

plays such an important role in conveying stress. 

Figure 5.32  AR_04 / Nouns / Isolation:  Pitch slope vs. σ2 closure 

 

These patterns are different from what we observed in nouns produced in 

isolation by speaker BM_01. In that case, I attributed the “more downward” pitch 

slope in σ2 to a falling terminal intonation contour. This downward slope was 

sometimes blocked in words with σ2 closed, which accounts for the random 

distribution of points to either side of the dashed line in Figure 4.59. That is not what 

happens in the case of Rebkong Amdo: because pitch slope is crucial in conveying 

stress, vowels are manipulated so that pitch slopes prominently downward even when 

σ2 is closed. 
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In summary, for AR_04 nouns produced in isolation, pitch slope contrasts 

across syllables are statistically, perceptually, and contextually significant. In most 

nouns, pitch and pitch slope both play a role in conveying stress. In a handful of 

cases, though, pitch is a cue for stress where pitch slope is not, and in another handful 

of cases, pitch slope is a cue for stress where pitch is not. In this sense, pitch and pitch 

slope function as complementary reflexes of fundamental frequency. 

 

Pitch slope also shows a robust correlation with σ2 stress in AR_04 nouns 

produced within the carrier sentence [ŋa.tʃu kɛ.kɨ X  se.ra] ‘In our language, we X 

say’. As illustrated in Figure 5.33 below, in the frame forms pitch in σ1 usually slopes 

downward, but sometimes slopes upward. In σ2, pitch always slopes downward, and 

usually fairly steeply. In the box-and-whisker plot to the right, there is no overlap of 

either the notches or the boxes, indicating that the range of measurements for the two 

syllables are fairly distinct. 
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Figure 5.33  AR_04 / Nouns / Frame:  Pitch slope 

 

As was the case with the isolation forms, in the graph to the left above 

nearly all points fall to the right of the dashed line, again indicating that pitch slope 

is “more downward” in σ2 – the stressed syllable – than in σ1. There are only a 

handful of exceptions to this pattern. Aside from [xkɤ.pa] skud.pa ‘thread’ at (-17, 

-55) and [kɤ.ɮi] sku.lus ‘body.HON’ at (20, -12), most of these exceptions fall quite 

close to the dashed line, indicating that the contrast in slope across syllables is 

minimal. [kɤ.ɮi] sku.lus ‘body.HON’ is the only token plotting to the left of the y-

axis, with a steep upward slope in σ1. 

Figure 5.34 below suggests that slope patterns are the same whether σ2 is 

open or closed. 
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Figure 5.34  AR_04 / Nouns / Frame:  Pitch slope vs . σ2 closure 

 

The statistical significance of the difference in slope across syllables is 

confirmed by paired-sample t-tests, summarized in Table 5.10 below: p << 0.05. The 

mean difference in slope across syllables is -20 Hz/100msec, with a 95% confidence 

interval ranging from -24 to -15 Hz/100msec. 

Table 5.10  AR_04 / Nouns / Pitch slope:  Results of paired-sample t-tests (two-tailed) 

 Setting  Subset t DF p-value 
Mean diff 

(Hz/100msec) 
95 % conf. limits 
lower upper 

AR_04 Frame -9.224 73 7.087e-14 -20 -24 -15 

 

Thus pitch slope shows a robust and consistent correlation with σ2 stress for 

the frame forms of nouns produced by speaker AR_04, as it did for the isolation 

forms. 
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A fairly typical example of the frame forms is [xka.tɯx] skad.lugs ‘dialect’, 

illustrated in Figure 5.35 below. 

Figure 5.35  AR_04 / Noun / Frame / Pitch trace: [xka.tɤx] skad.lugs ‘dialect’ 

 

Measurements of acoustic parameters in the isolation and frame forms of 

[xka.tɯx] / [xka.tɤx] skad.lugs ‘dialect’ are compared in Table 5.11 below. 45 Even 

though the rate of speech is much faster in the frame form – the total length of the 

word was 651 msec in isolation, and only 402 msec in the sentence frame – the pitch 

and pitch slope contrasts are similar. In both settings, pitch and pitch slope are more 

prominent in σ2, the stressed syllable. Both intensity (discussed in section 5.4) and 

                                                            
45 The isolation form was illustrated in Figure 5.28. 
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vowel duration (discussed in section 5.5) are more prominent in σ1, the unstressed 

syllable. (For both parameters, this is consistent with what one might predict based on 

intrinsic variation as a function of vowel quality.) 

Table 5.11  AR_04 / Nouns / Potential stress correlates: [xka.tɯx] skad.lugs ‘dialect’ 

Parameter 
Isolation  Frame 

σ1 σ2 Δ  σ1 σ2 Δ 

Pitch (Hz) 164 186 22  170 184 14 

Slope (Hz/100msec) -10 -51 -41  -14 -51 -37 

Intensity (dB) 82 73 -9  82 72 -10 

Duration (msec) 145 135 -10  105 73 -32 

 

The pitch and pitch slope differences measured for [xka.tɯx] skad.lugs 

‘dialect’ are fairly representative of the frame forms. This word plots at coordinates 

(14, -35) in the graph at left in Figure 5.36 below, which illustrates the relationship 

between these two reflexes of fundamental frequency. (The graph at right includes 

only those nouns with vowels of the same height in both syllables. There is no major 

difference between the two plots.) 
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Figure 5.36  AR_04 / Nouns / Frame:  Pitch difference vs. pitch slope difference 

 

As was the case with the isolation forms (Figure 5.27), most of the frame 

forms plot in the lower right quadrant of the graph. This indicates that pitch and pitch 

slope are usually both more prominent in σ2, reinforcing one another as correlates of 

σ2 stress. A typical example – the compound noun [sʰa.tɕa] sa.cha ‘land, place, 

property’ – is shown in Figure 5.37 below. For this word, Δpitch = 16 Hz, Δpitch 

slope = -28 Hz/100msec, Δintensity = 4 dB (all more prominent on σ2); and Δvowel 

duration =  -29 msec (more prominent on σ1). 
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Figure 5.37  AR_04 / Noun / Frame / Pitch trace: [sʰa.tɕa] sa.cha ‘land, property’ 

 

An example with a continuant at the syllable boundary is the monomorphemic 

noun [tsɔi.ma] btson.ma ‘prisoner’, shown in Figure 5.38 below. The contrasts across 

syllables are: Δpitch = 16 Hz; Δpitch slope = -29 Hz/100msec; Δintensity = 5 dB; 

Δvowel duration = -31 msec. 
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Figure 5.38  AR_04 / Noun / Frame / Pitch trace: [tsɔi.ma] btson.ma ‘prisoner’ 

 

There were a few tokens among the isolation forms in which pitch slope was a 

strong cue for stress but pitch was not (i.e., points which plot close to the y-axis in 

Figure 5.27); this is never the case for the frame forms. Here, pitch always correlates 

with stress; all points fall to the right of the y-axis. 

However, there are a few frame forms in which pitch is a strong cue for stress 

but pitch slope is not; these are the points plotting above the x-axis in Figure 5.36 

above. (The two nouns up at the top, with a pitch slope difference of ~35 Hz/10msec, 

are [xkɤ.pa] skud.pa ‘thread’ and [kɤ.ɮi] sku.lus ‘body.HON’.) One such noun is 

[ᵊdim.bɤm] rdo.’bum ‘sacred pile of 100,000 stones’, shown in Figure 5.39 below. In 



386 

 

this case, the difference in slope across syllables is only 0.05 Hz/100msec, but the 

difference in pitch across syllables is 16 Hz. The intensity difference across syllables 

for this word is 0 dB; the vowel duration difference is 2 msec; pitch is thus the sole 

cue for stress. 

Figure 5.39  AR_04 / Noun / Frame / Pitch trace: [ᵊdim.bɤm] rdo.’bum ‘sacred pile of 
100,000 stones’ 

 

 

These patterns are completely different than those exhibited in frame forms 

produced by speaker BSh_03. In Figure 4.39 in the previous chapter, nearly all points 

fall in the upper right quadrant. In that case, pitch slope on σ2 was “more upward” 

than on σ1, and this was a direct consequence of the increase in pitch across syllables. 
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5.3.1.2 AR_04 Adjectives 

For the adjectives produced by speaker AR_04, pitch slope is a strong 

acoustic correlate of stress for the isolation forms, but not for the frame forms. 

Slope contrasts across syllables for the isolation forms are illustrated in Figure 

5.40 below. In the graph on the left, points are distributed both above and below the 

x-axis: sometimes pitch slopes upward in σ1, and sometimes it slopes downward. All 

points fall to the right of the y-axis, indicating that pitch always slopes downward in 

σ2. With the exception of [ɕhɤ.ko] phyug.po ‘rich’, at (σ2, σ1) coordinates (-43,        

-42), pitch slopes “more downward” in σ2 than in σ1. In fact, the difference in slopes 

is generally more than -20 Hz/100msec, as indicated by the dotted reference line. 

Figure 5.40  AR_04 / Adjectives / Isolation:  Pitch slope contrasts 
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A paired-sample t-test, summarized in Table 5.12 below, confirms that the 

slope contrast is statistically significant (p << 0.05), with a mean difference across 

syllables of -32 Hz/100msec. 

Table 5.12  AR_04 / Adjectives / Isolation / Pitch slope:  Results of paired-sample t-tests 
(two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz/100msec) 
95 % conf. limits 
lower upper 

AR_04 isolation -7.3033 11 1.536e-05 -32 -42 -23 

 

Slope contrasts for the frame forms of AR_04 adjectives are plotted in Figure 

5.41 below. With one exception – [tshan.di] tsha.’di  ‘hot’ – all points fall in the 

lower right quadrant of the graph, indicating that pitch slopes downward in both 

syllables of each word. Furthermore, points fall close to and to either side of the 

dashed line, indicating that sometimes slope is slightly “more downward” in σ1, and 

sometimes slightly “more downward” in σ2. In the box-and-whisker plot to the right, 

both the notches and boxes overlap considerably. That is, the ranges of values 

measured in the two syllables are quite similar. 
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Figure 5.41  AR_04 / Adjectives / Frame:  Pitch slope contrasts 

 

Indeed, as summarized in Table 5.13 below, a paired-sample t-test yields a p-

value > 0.05 and a 95% confidence interval which spans zero. This means that the 

null hypothesis – that there is no difference in slope across syllables – cannot be 

rejected. 

Table 5.13  AR_04 / Adjectives / Frame / Pitch slope:  Results of paired-sample t-tests 
(two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz/100msec) 
95 % conf. limits 
lower upper 

AR_04 frame -1.3817 9 0.2004 -7.7 -20 4.9 

 

As was the case for nouns, pitch and pitch slope are complementary correlates 

of stress for AR_04 adjectives, in the sense that pitch is a reliable stress cue exactly 
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when pitch slope is not, and pitch slope is a reliable stress cue exactly when pitch is 

not. For the majority of isolation forms, the two parameters reinforce one another in 

conveying σ2 stress. 

Pitch differences and pitch slope differences across syllables for AR_04 

adjectives are plotted in Figure 5.42 below. For the isolation forms, nearly all 

adjectives fall in the lower right quadrant: both pitch and pitch slope are prominent on 

σ2, and are redundant cues for stress. In the case of [ɕhɤ.ko] phyug.po ‘rich’, which 

plots just above the x-axis, slope is not a correlate of stress, but pitch is 19 Hz higher 

on σ2 than on σ1. Conversely, on those words which plot closest to the y-axis – 

indicating that pitch is a weak cue – pitch slope is a very strong cue, with differences 

of more than -30 Hz/100msec across syllables. 
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Figure 5.42  AR_04 / Adjectives:  Pitch difference vs. pitch slope difference 

 

For the frame forms, shown on the right above, pitch is a robust cue for stress 

in all cases, so it does not matter that pitch slope sometimes is not. (The words which 

plot above the x-axis are [ɕʰɤ.ko] phyug.po ‘rich’, [ka.ru] dkar.po ‘white’, [sʰo.ma] 

so.ma ‘new’, and [xkɔim.bu] dkon.po ‘rare’.) 

The pitch trace for the adjective [tɕʰe.po] chen.po ‘big’ in Figure 5.43 below 

provides an illustration. For this word, since the consonant at the syllable boundary is 

a stop, pitch leaps upward from σ1 to σ2, and the downward slope in σ2 is fairly 

straight and constant. Pitch slope was measured as -2.1 Hz/100msec in σ1, and -47 

Hz/100msec in σ2; the difference in slope -45 Hz/100msec. Pitch is also a correlate of 

stress for this word: pitch was measured over the medial 50% of the vowel as 178 Hz 
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in σ1 and 190 Hz in σ2, for an increase in pitch of 12 Hz. This word thus plots in the 

lower right quadrant in the graph on the left above, at coordinates (12, -44). 

Figure 5.43  AR_04 / Adjectives / Pitch trace: [tɕʰe.po] chen.po ‘big’ 

 

When [tɕʰe.po] chen.po ‘big’ is produced in the sentence frame, the contrast 

in slope is more subdued, and the contrast in pitch is more pronounced. Here, Δpitch 

= 26 and Δpitch slope = -16, so this point still plots in the lower right quadrant; both 

pitch and pitch slope are correlates of stress. 
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Figure 5.44  AR_04 / Adjectives / Frame / Pitch trace: [tɕʰe.po] chen.po ‘big’ 

 

For [sʰo.ma] so.ma ‘new’, on the other hand, there is a greater difference 

between isolation and frame forms. In isolation – as shown in Figure 5.45 below – 

pitch slope was measured as -3.6 Hz/100msec in σ1, and -28 Hz/100msec in σ2. The 

contrast in slopes across syllables is -25 Hz/100msec. The contrast in pitch across 

syllables for this word is 13 Hz, so it, too, falls in the lower right quadrant in Figure 

5.42, at coordinates (13, -25) 
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Figure 5.45  AR_04 / Adjectives / Pitch trace: [sʰo.ma] so.ma ‘new’ 

 

When this same word occurs in the sentence frame, the slopes are actually 

steeper in both syllables than in the isolation forms, and the relationship between 

them is different. Pitch slope was measured as -18 Hz/100msec in σ1, and -15 

Hz/100msec in σ2, for a slope difference of 3 Hz/100msec. The positive difference 

means that pitch slopes “more downward” in σ1 than in σ2; this does not indicate a 

correlation with σ2 stress. Pitch, on the other hand, is more prominent on the stressed 

syllable: Δpitch = 19 Hz. This point falls in the upper right quadrant in the graph on 

the right in Figure 5.42 above, at coordinates (19, 3). 
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Figure 5.46  AR_04 / Adjectives / Frame / Pitch trace: [sʰo.ma] so.ma ‘new’ 

 

What these examples have shown is that pitch slope is a robust cue for σ2 

stress in isolation forms of AR_04 adjectives, but does not show a correlation with 

stress in the frame forms at all. In the frame forms, the other reflex of fundamental 

frequency – pitch – plays a stronger role. 

5.3.1.3 AR_04 Verbs 

As discussed previously, speaker AR_04 was not able to comfortably produce 

verbs in isolation, so I do not discuss them here. The two frame forms are plotted in 

the graph at right in Figure 5.47 below. Both verbs fall to the right of the y-axis, 

indicating that pitch always slopes downward in σ2. However, the sample is really 
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too small to draw any firm conclusions from this – and even if the sample were 

larger, the trend suggested here cannot be distinguished from the contrast in pitch 

across syllables. 

Figure 5.47  AR_04 / Verbs:  Pitch slope 

 

The point which plots below the x-axis is [ɮẽ.tɕɤʋ] lan.brgyab ‘to answer’, 

shown in Figure 5.48 below. For this verb, pitch slopes downward in both syllables, 

but downward more steeply in σ2 than in σ1. 
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Figure 5.48  AR_04 / Verbs / Frame / Pitch trace: [ɮẽ.tɕɤʋ] lan.brgyab ‘to answer’ 

 

The point above the x-axis – with an upward slope in σ1 and a downward 

slope in σ2 is [nʌm.bɨʋ] gnam.babs ‘to rain’, shown in Figure 5.49 below. 
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Figure 5.49  AR_04 / Verbs / Frame / Pitch trace: [nʌm.bɨʋ] gnam.babs ‘to rain’ 

 

In Figure 5.50 below, the difference in pitch slope across syllables is plotted 

against the difference in pitch across syllables. Both verbs fall in the lower left 

quadrant. As demonstrated in section 5.2.1.3, pitch is a robust correlate of σ1 stress 

for AR_04 verbs, significantly higher in σ1 than in σ2. Pitch slope is an 

indistinguishable outcome of this pitch contrast; as pitch falls from the first syllable to 

the second, pitch slopes downward. 
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Figure 5.50  AR_04 / Verbs:  Pitch difference vs. pitch slope difference 

 

5.3.2 Pitch slope for speaker AR_05 

Pitch slope contrasts for the isolation forms of AR_05 nouns, adjectives, and 

verbs are illustrated by the box-and-whisker plots in Figure 5.51 below. For nouns 

and adjectives, pitch in σ1 usually slopes downward, though it sometimes slopes 

upward. In σ2, pitch always slopes downward. As was the case with speaker AR_04, 

there is a considerable contrast in pitch slope across syllables, with no overlap of the 

notches or the boxes. Verbs show a similar pattern – though with more variation in σ1 

– but here it is an incidental effect of the drop in pitch across syllables. 
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Figure 5.51  AR_05 / Isolation / Pitch slope contrasts 

 

 

In the frame forms, illustrated in Figure 5.52 below, the patterns are similar, 

but more subdued. For adjectives, measurements on the two syllables show 

considerable overlap. 
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Figure 5.52  AR_05 / Frame / Pitch slope contrasts 

 

 

Pitch slope data for AR_05 nouns, adjectives, numerals, and verbs is 

considered in greater detail in sections 5.3.2.1 through 5.3.2.4 above. 

5.3.2.1 AR_05 Nouns 

Pitch slope is a robust cue for σ2 stress in AR_05 nouns produced in isolation, 

and a weaker correlate of stress for nouns produced in the sentence frame. This was 

also the case for nouns produced by speaker AR_04. 

Slope measurements are plotted in Figure 5.53 below. The isolation forms 

define a distinct cluster, with nearly all points falling to the right of the dashed line 

and centered on the x-axis. In σ1, pitch slopes upward in about half the sample, and 

downward in about half the sample. In σ2, pitch always slopes downward, and always 
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“more downward” than in σ1 (i.e., to the right of the dashed line). Only a few 

exceptions fall close to the dashed line, with a minimal slope contrast across 

syllables. (The three points closest to the dashed line are [xkʌŋ.lʌm] ‘rkang.lam 

footpath’, [tɕʰor.tɨn] mchod.rten ‘chorten’, and [xtir.̥kɤ] sprul.sku ‘incarnation, 

incarnate lama’.) 

In comparison, points representing the frame forms – shown in the graphs on 

the right below – are more scattered, and there are fewer cases in which pitch slopes 

upward in σ1 (i.e., fewer points above the x-axis). Still, most of the frame forms plot 

to the right of the dashed line, indicating that pitch slopes “more downward” in σ2 

than in σ1. (The exceptions which fall to the left of the dashed line include [ʂo.mʌŋ] 

sro.ma ‘nit, lice egg’ left of the y-axis, [kɤ.pa] skud.pa ‘thread’ at (σ2, σ1) 

coordinates (-7.8, -57) and [tɕʰɤŋ.go] chu.mgo ‘water source, spring’ at (0.45, -7.7).) 
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Figure 5.53  AR_05 / Nouns:  Pitch slope 
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The difference in pitch slope across syllables is statistically significant for 

nouns in both settings, as indicated by paired-sample t-tests summarized in Table 5.14 

below. In both cases, p << 0.05. For the isolation forms, the mean difference in slope 

across syllables is -20 Hz/100msec, with a narrow 95% confidence interval. Based on 

my own listening, this is a highly perceptible contrast. For the frame forms, the mean 

difference in slope across syllables is only -6.8 Hz/100msec; but a statistically 

significant mean slope difference can be as small as only -4.1 Hz/100msec (the upper 

95% confidence limit), which is probably not of great perceptual significance. Thus I 

consider pitch slope to be a robust cue for σ2 stress in the isolation forms, and a 

weaker correlate of stress for frame forms. 

Table 5.14  AR_05 / Nouns / Pitch slope:  Results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz100msec)
95 % conf. limits 
lower upper 

AR_05 
Isol. -23.3503 93 < 2.2e-16 -20 -22 -18 

Frame -5.04 77 3.005e-06 -6.8 -10 -4.1 

 

 

In Figure 4.20 below, the isolation forms of AR_05 nouns are plotted in terms 

of σ2 closure. As shown, σ2-open nouns define a fairly tight cluster centered on the x-

axis, while σ2-closed nouns are dispersed more broadly. (This variation occurs 

because in some closed syllables, pitch slopes downward at the same rate over both 

the vowel and the following coda, while in other cases most of the slope may be 

carried by the coda.) In both cases, all points fall to the right of the dashed line. (As 
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discussed in section 4.3.2.1 in the previous chapter, this contrasts with the patterns 

exhibited by BM_01. There, points representing nouns with σ2 closed fell to either 

side of the dashed line; pitch slope there reflects a falling intonation contour, which is 

interrupted by a closed σ2.) 

Figure 5.54  AR_05 / Nouns / Isolation:  Pitch slope vs. σ2 closure 

 

A prototypical example of the σ2-open type is [xsam.ba] zam.ba ‘bridge’; the 

pitch trace for this word is shown in Figure 5.55 below. 
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Figure 5.55  AR_05 / Nouns / Isolation / Pitch trace: [xsam.ba] zam.ba ‘bridge’ 

 

As was the case in AR_04 nouns, when the consonant at the syllable boundary 

is a stop, pitch leaps to a maximum at the beginning of σ2, and immediately begins to 

slope downward at a constant rate. In [xsam.ba] zam.ba ‘bridge’, slope in σ1 is -1.8 

Hz/100msec, slope in σ2 is -21 Hz/100msec, so the slope difference is -19 

Hz/100msec. This is quite a noticeable contrast. Average pitch, on the other hand, 

shows almost no contrast across syllables: pitch in σ1 is 123 Hz while pitch in σ2 is 

124 Hz, so the difference in pitch is a barely perceptible 1 Hz. (There is no contrast in 

vowel quality across syllables; Δintensity is 2 dB, and Δvowel duration is 32 msec.) 
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When the consonant at the syllable boundary is a sonorant, the pitch slope in 

σ2 rises more gently, as illustrated for [na.ma] mna’.ma ‘bride’ in Figure 5.56 below. 

Here, the difference in pitch slope across syllables is -18 Hz/100 msec. (Δpitch = 5 

Hz, Δintensity = 0 dB, Δvowel duration = -16 msec.) 

Figure 5.56  AR_05 / Nouns / Isolation / Pitch trace: [na.ma] mna’.ma ‘bride’ 

 

When σ2 is closed – which can only occur in compound nouns, plotted in the 

graph on the right in Figure 4.20 – pitch slope in σ2 is more variable. In [kʰa.tɤʁ] 

kha.btags ‘khata, offering scarf’, the slope in σ2 is steeper than is typically seen in the 

monomorphemic / σ2 open nouns. This is clear from the pitch trace in Figure 5.57 
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below. Here, pitch slope is only -1.8 Hz/100msec in σ1, but a notable -36 

Hz/100msec in σ2, for a slope difference of -34 Hz/100msec. 

Figure 5.57  AR_05 / Nouns / Isolation / Pitch trace: [kʰa.tɤʁ] kha.btags ‘khata, offering 
scarf’ 

 

In this case, there is also a clear increase in average pitch across syllables, 

from 128 Hz in σ1 to 142 Hz σ2, for an increase of 14 Hz. As discussed in section 

5.2.2.1, pitch is usually exaggerated in σ2 when it is closed. The explanation for this 

is clear from the pitch trace above: the downward pitch slope in σ2 occurs over the 

entire span of the rhyme; if we look only at the vowel, only the highest portion of this 

slope is represented. (This may not always effect pitch slope, though: the vowel may 

– or may not – exhibit exactly the same slope as the entire rhyme. Even if the vowel 
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is short, the rate of change of pitch may be the same for this shorter span – the vowel 

– as it is for the longer span – the rhyme.) For the word here, the average pitch over 

the full rhyme is 130 Hz; this is nearly the same as the average pitch of 128 Hz in σ1. 

(For this word Δintensity = 0 dB and Δvowel duration = -25 msec.) 

Another example is [ʰᵊraŋ.tʰʊŋ] ring.thung ‘length’, shown in Figure 5.58 

below. Here, pitch is unstable in the σ2 vowel, and most of the pitch slope is carried 

by the nasal coda. Thus slope in the σ2 vowel is more gentle than is typically seen in 

the monomorphemic / σ2 open nouns, measured as only -11 Hz/100msec. In σ1, pitch 

slope is 0.10 Hz/100 msec, so the difference in slope is -11 Hz/100msec. The 

difference in average pitch across syllables is 15 Hz if the σ1 and σ2 vowels are 

compared, but only 4 Hz if the σ1 vowel is compared to the σ2 rhyme – which is the 

more appropriate comparison. (Δintensity = 0 dB, Δvowel duration = -47 msec.) 
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Figure 5.58  AR_05 / Nouns / Isolation / Pitch trace: [ʰᵊraŋ.tʰʊŋ] ring.thung  ‘length’ 

 

The relationship between pitch slope and pitch for the AR_05 isolation forms 

is illustrated in Figure 5.65 below. The graph at right below shows only nouns which 

have vowels of the same height in both syllables, thus controlling for the potential 

incidental effect of vowel height contrasts on pitch. Within this group, the subset of 

nouns with σ2 open – controlled for the variation in pitch which occurs when σ2 is 

closed – is centered on the y-axis and falls distinctly below the x-axis. This graph 

shows that pitch slope is a robust and distinctive correlate of σ2 stress, though pitch – 

as concluded in section 5.2.2.1 – is only a limited and very weak correlate. 
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Figure 5.59  AR_05 / Nouns / Isolation:  Pitch difference vs. pitch slope difference 

 

The fact that nouns in the control group cluster nearly symmetrically about the 

vertical “pitch difference = 0” line suggests that speaker AR_05 is really not even 

aiming to create a pitch contrast across syllables at all. Instead, the speaker’s aim is to 

create a contrast in pitch slope of between ~ -10 Hz/100msec and ~ -30 Hz/100msec. 

(Note that the pattern here is not the same as that in Figure 4.20. The graph there 

shows that, in isolation forms with σ2 open, the speaker is aiming for a flat slope in 

σ1 and a steep downward slope in σ2. The graph here shows that, in isolation forms 

with σ2 open, the speaker is aiming for a neutral pitch contrast across syllables, but a 

strong pitch slope contrast.) 

In summary, pitch slope is a robust correlate of σ2 stress in the isolation forms 

of AR_05 nouns. Pitch and pitch slope do not reinforce one another as cues for stress 
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(which was the case for AR_04 isolation forms). Instead, the speaker seems to 

manipulate fundamental frequency in order to create a contrast in pitch slope across 

syllables, but not a contrast in pitch. 

 

In the frame forms of AR_05 nouns, the role of pitch slope as an acoustic 

correlate of σ2 stress is more muted. As shown in Table 5.14 on page 404, the 

difference in slope across syllables is, indeed, statistically significant (p << 0.05), but 

it is probably not perceptually highly salient: the mean slope difference is only -6.8 

Hz/100msec (compared to a mean difference of -20 Hz/100msec for the isolation 

forms), and the 95% confidence limit ranges from -10 Hz/100msec to as little as -4.1 

Hz/100msec. Fundamental frequency is thus manipulated to emphasize the contrast in 

pitch across syllables, rather than the contrast in pitch slope.  

The frame forms of AR_05 nouns are plotted in terms of morphological 

composition and in terms of σ2 closure, respectively, in Figure 5.60 and Figure 5.61 

below. As was the case with the isolation forms, these two factors appear to have 

some effect on pitch slope; slopes in σ2 seem to be steeper in the compound / σ2 

closed subsets than in the monomorphemic / σ2 open subsets. (It seems, from Figure 

5.61, that most of the nouns falling to the left of the dashed line have an open σ2. I 

am not sure why this should be so; it may be that more nouns with σ2 closed would 

fall in this area, too, but the sample is too small to reveal this.) 

In contrast to the isolation forms, most points plot below the x-axis, meaning 

that slope is only rarely upward in σ1. Still, most points fall to the right of the dashed 
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line, meaning that even if pitch slopes downward in both syllables, it slopes 

downward more steeply in σ2. 
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Figure 5.60  AR_05 / Nouns / Frame:  Pitch slope vs. morphological composition 

 

Figure 5.61  AR_05 / Nouns / Frame:  Pitch slope vs. σ2 closure 
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An example of the σ2 open type is the monomorphemic noun [χɔim.bo] 

dpon.po ‘official, chief’, shown in Figure 5.62 below. Here, pitch slope was measured 

as -1.8 Hz/100 msec in σ1, and -14 Hz/100msec in σ2, for a difference of -12 

Hz/100msec. Pitch, intensity, and vowel duration also contribute to the perception of 

stress on σ2 in this case: Δpitch = 16 Hz; Δintensity = 7 dB; Δvowel duration = 26 

msec. 

Figure 5.62  AR_05 / Nouns / Frame / Pitch trace: [χɔim.bo] dpon.po ‘official, chief’ 

 

Another example is the compound noun [na.do] sna.tha? sna.tho? sna.rdul?, 

shown in Figure 5.63 below. In this word, the difference in pitch slope across 

syllables is -7.9 Hz/100msec. Pitch and intensity also correlate with stress, though 
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vowel duration does not: Δpitch = 13 Hz; Δintensity = 1 dB; Δvowel duration = -30 

msec. 

Figure 5.63  AR_05 / Nouns / Frame / Pitch trace: [na.do] sna.tha? sna.tho? sna.rdul? 
‘snuff’ 

 

The compound noun [tɕɛn.tsʰʌŋ] khyim.tshang ‘household, family’ is an 

example in which σ2 is closed; the pitch trace for this word can be seen in Figure 5.64 

below. Pitch slope is -7.1 Hz/100msec in σ1, and -19 Hz/100msec in σ2, for a slope 

difference of -11 Hz/100msec. Unlike the isolation forms, here, the contrast in pitch 

across syllables reflects a correlation with stress, regardless of whether we consider 

the vowels or the rhymes: in σ1, pitch is 123 Hz in the vowel and 122 Hz over the 
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entire rhyme; in σ2, pitch is 138 Hz in the vowel, and 134 Hz over the entire rhyme. 

Either way, pitch is 12 to 15 Hz higher in σ2 than in σ1. 

Intensity also contributes to the perception of stress on σ2, though vowel 

duration does not: Δintensity = 3 dB; Δvowel duration = -22 msec. 

Figure 5.64  AR_05 / Nouns / Frame / Pitch trace: [tɕɛn.tsʰʌŋ] khyim.tshang ‘household, 
family’ 

 

The relationship between pitch slope and pitch is illustrated in Figure 5.65 

below. Since pitch can vary intrinsically as a function of vowel height, in the graph 

on the right below I show only nouns which have vowels of the same height in both 

syllables. For this speaker, vowel height does not significantly affect the distribution, 

compared to the graph on the left. In both graphs, most nouns plot in the lower right 
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quadrant. This means that pitch and pitch slope reinforce one another as acoustic 

correlates of stress. 

Figure 5.65  AR_05 / Nouns / Frame:  Pitch difference vs. pitch slope difference 

 

 

In summary, speaker AR_05 manipulates fundamental frequency in different 

ways in the isolation forms and frame forms of nouns. In the isolation forms, pitch 

slope is a robust cue for σ2 stress, while the average pitch contrast across syllables is 

weak. In the frame forms, pitch slope is a weaker correlate of stress, but pitch plays a 

stronger role. 
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5.3.2.2 AR_05 Adjectives 

As was the case for nouns, pitch slope is a robust cue for stress for the 

isolation forms of adjectives produced by speaker AR_05, but not for the frame 

forms. 

The isolation forms are plotted in Figure 5.66 below. As shown, with the 

exception of [ɕʰɪ.'ko] phyug.po ‘rich’, at (σ2, σ1) coordinates (-24, -41), all points fall 

well to the right of the dashed line. This indicates that pitch slope is more prominent 

in σ2 – i.e., slope is “more downward” in σ2 than in σ1. The difference across 

syllables is always greater than -10 Hz/100msec, as indicated by the dotted reference 

line. In the boxplot on the right below, there is no overlap of either the notches – 

representing the 95% confidence interval about the median – or the boxes – 

representing the interquartile range. 
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Figure 5.66  AR_05 / Adjectives / Isolation:  Pitch slope contrasts 

 

A paired-sample t-test, summarized in Table 5.15 below, confirms that the 

difference in slope across syllables is statistically significant, with p << 0.05. The 

mean difference is -13 Hz/100msec; however, the lower 95% confidence limit of only 

-6.6 Hz/100msec may not be highly perceptible. 

Table 5.15  AR_05 / Adjectives / Isolation / Pitch slope:  Results of paired-sample t-tests 
(two-tailed) 

Speaker Subset t DF p-value 
Mean diff 

(Hz/100msec) 
95 % conf. limits 
lower upper 

AR_05 isolation -4.4539 11 0.0009725 -13 -20 -6.6 

 

As an example, the pitch trace for the word [sʰo.ma] so.ma ‘new’ is provided 

in Figure 5.67 below. Pitch slopes slightly upward in σ1, at 2.24 Hz/100msec, and 
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downward in σ2 at -23 Hz/100msec, for a difference in slope of -25 Hz/100msec. On 

the other hand, if a listener were attending to the average pitch in each syllable, this 

would not prove to be a useful cue for stress, as the increase across syllables is only 1 

Hz: pitch over the medial 50% of the vowel was measured as 123 Hz in σ1 and 124 

Hz in σ2. The intensity difference across syllables is 2 dB, and the vowel duration 

difference is 8 msec. These are not large contrasts, leaving pitch slope as the primary 

cue for stress. 

Figure 5.67  AR_05 / Adjectives / Isolation / Pitch trace: [sʰo.ma] so.ma ‘new’ 

 

This same adjective is fairly representative of the frame forms as well; a pitch 

trace is shown in Figure 5.68 below. In this setting, pitch slopes are similar on the two 

syllables: -4.9 Hz/100msec in σ1 and -8.0 Hz/100msec in σ2, for a slope difference of 
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only -3.0 Hz/100msec. Conversely the difference in the average pitch in each syllable 

is more significant: 120 Hz in σ1, 134 Hz in σ2, for a respectable difference of 14 Hz. 

Here, intensity and vowel duration also contribute to the perception of σ2 stress: 

Δintensity = 7 dB; Δvowel duration = 35 msec. (The contrast in vowel quality / vowel 

height across syllables emphasizes the contrast for both of these parameters.) 

Figure 5.68  AR_05 / Adjectives / Frame / Pitch trace: [sʰo.ma] so.ma ‘new’ 

 

Pitch slope measurements for all of the frame forms of AR_05 adjectives are 

plotted in Figure 5.69 below. Points fall close to and to either side of the dashed line. 

This indicates that the contrast in slope across syllables is very small; pitch slopes 

“more downward” sometimes in σ1 and sometimes in σ2. (The anomalous form at 
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coordinates (-20, -39) is again [ɕʰɪ.'ko] phyug.po ‘rich’.) The box-and-whisker plot to 

the right shows considerable overlap of both the notches and the boxes. 

Figure 5.69  AR_05 / Adjectives / Frame:  Pitch slope contrasts 

 

A paired-sample t-test, summarized in Table 5.16 below, confirms that the 

difference in pitch slope across syllables is not significant, with p > 0.05 and a 95% 

confidence limit which includes zero. 

Table 5.16  AR_05 / Adjectives / Frame / Pitch slope:  Results of paired-sample t-tests 
(two-tailed) 

Speaker Subset t DF p-value 
Mean diff 

(Hz/100msec) 
95 % conf. limits 
lower upper 

AR_05 frame -0.3933 9 0.7032 -1.0 -7.1 5.0 
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The complementary nature of the relationship between pitch and pitch slope in 

AR_05 adjectives is illustrated in Figure 5.70 below. In the isolation forms, where 

pitch is not a strong correlate of σ2 stress, pitch slope is. Conversely, in the frame 

forms, where pitch slope is not a strong correlate of σ2 stress, pitch is. Pitch and pitch 

slope can thus be regarded as two reflexes of fundamental frequency, which is 

manipulated differently in the two settings in order to convey stress. Of course, no 

adjectives fall in the upper left quadrant in the graphs below. Those would be cases in 

which neither pitch nor pitch slope was a reliable correlate of the perceived σ2 stress.  

Figure 5.70  AR_05 / Adjectives:  Pitch difference vs. pitch slope difference 

 

 

In summary, while pitch slope is a consistent correlate of stress for the 

isolation forms of AR_05 adjectives, it is not a correlate of stress for the frame forms. 
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But pitch and pitch slope behave as complementary reflexes of fundamental 

frequency; in one manifestation or the other, fundamental frequency is manipulated in 

order to convey stress. 

5.3.2.3 AR_05 Numerals 

In numerals produced by speaker AR_05, pitch slope does not show a 

consistent correlation with σ2 stress. 

In Figure 5.71 below, eight of the eleven numerals plot to the right of the 

dashed line, meaning that pitch slope is “more downward” in σ2 than in σ1. (These 

include the two nominalized forms: [ᵊdɤn.ba] bdun.pa ‘seventh’ – which is partially 

obscured at (-37, 3.3) – and [ksʊm.ba] gsum.pa ‘third’.) The other three numerals fall 

to the left of the dashed line, with slope “more downward” in σ1.  
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Figure 5.71  AR_05 / Numerals:  Pitch slope contrasts 

 

One numeral which falls to the right of the dashed line is [ʑɤb.tɕɤ] bzhi.bcu 

‘forty’; the pitch trace for this word is shown in Figure 5.72 below. Here, pitch is 

irregular in σ1 (with a downward slope at the end measured as -5.3 Hz/100msec) , 

and slopes downward steadily and steeply in σ2, at -26 Hz/100msec. The slope 

difference is thus -21 Hz/100msec, which is quite noticeable. Intensity and vowel 

duration are also both more prominent on σ2: Δintensity = 5 dB, and Δvowel duration 

= 58 msec. The difference in pitch across syllables is only 3 Hz. 
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Figure 5.72  AR_05 / Numerals / Isolation / Pitch trace: [ʑɤb.tɕɤ] bzhi.bcu ‘forty 

 

On the other hand, a numeral that falls to the left of the dashed line in the 

graph above is [kɤb.tɕɤ] dgu.bcu ‘ninety’, shown in Figure 5.73 below. Pitch slopes 

downward in σ1 at -39 Hz/100msec, and downward in σ2 at -20 Hz/100msec, for a 

difference of 18 Hz/100msec – i.e., “more downward” in σ1 than in σ2. However, 

while pitch slope is more prominent in σ1, all the other acoustic parameters are more 

prominent in σ2: Δpitch = 10 Hz; Δintensity = 5 dB; Δvowel duration = 24 msec. 
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Figure 5.73  AR_05 / Numerals / Isolation / Pitch trace: [kɤb.tɕɤ] dgu.bcu ‘ninety’ 

 

As expected, a paired-sample t-test shows that the contrast across syllables is 

not statistically significant. As summarized in Table 5.17 below, p > 0.05 and the 

95% confidence interval spans zero. 

Table 5.17  AR_05 / Numerals / Pitch slope:  Results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz/100msec) 
95 % conf. limits 
lower upper 

AR_05 isolation -2.0792 10 0.06429 -15 -31 1.1 

 

Finally, the relationship between pitch and pitch slope is illustrated in Figure 

5.74 below. Some numerals fall in the lower right quadrant, indicating that both pitch 

and pitch slope are more prominent in σ2, the stressed syllable. For the three 
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numerals that plot above the x-axis, pitch is a correlate of stress though pitch slope is 

not; for the two numerals that plot to the left of the y-axis, pitch slope is a correlate of 

stress though pitch is not. That is, in every case, one or both reflexes of fundamental 

frequency serve(s) to convey stress. 

Figure 5.74  AR_05 / Numerals:  Pitch difference vs. pitch slope difference 

 

In summary, pitch slope alone is not a consistent cue for σ2 stress in AR_05 

numerals. However, in individual cases, pitch is a cue for stress when pitch slope is 

not, and pitch slope is a cue for stress when pitch is not. Either way, fundamental 

frequency is a reliable correlate of stress.  
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5.3.2.4 AR_05 Verbs 

As discussed in section 5.2.2.4, for AR_05 verbs produced in isolation and in 

the sentence frame, the contrast in pitch across syllables serves as a robust cue for σ1 

stress, despite the small sample size. Pitch slope patterns are a direct outcome of this 

contrast in pitch across syllables, so slope is not contextually significant. Since pitch 

slope is thus epiphenomenal, it does not function as a correlate of stress in verbs. This 

was also the case for verbs produced by speakers BSh_03, BM_01, and AR_04. 

Pitch slope measurements for both isolation and frame forms of AR_05 verbs 

are plotted in Figure 5.75 below. In isolation, all points plot to the right of the dashed 

line, meaning that whether pitch in σ1 slopes upward or downward, pitch in σ2 slopes 

“more downward”. Of the five frame forms recorded and analyzed, pitch slope 

measurements could be collected from both syllables of only three of them; one of 

them is the verb ‘to rain’, which, as discussed previously, was produced with an 

anomalous stress pattern. For the two remaining frame forms – [nda.hɛn] mda’.’phen 

‘to shoot an arrow’ and [kʰʌŋ.bʌp] gangs.babs? ‘to snow’ – both points also plot to 

the right of the dashed line. The box-and-whisker plots at the bottom of the figure 

reflect the fact that, in both settings, pitch slopes vary more widely across different 

verbs in σ1 than in σ2. 
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Figure 5.75  AR_05 / Verbs:  Pitch slope contrasts 
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Paired-sample t-tests, summarized in Table 5.18 below, indicate that the 

contrast in slope across syllables is not statistically significant for verbs in either 

setting – though only barely so for the isolation forms. 

Table 5.18  AR_05 / Verbs / Pitch slope:  Results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(Hz/100msec) 
95 % conf. limits 
lower upper 

AR_05 
isolation -2.7758 4 0.05003 -21 -43 0.005 

frame -1.2106 1 0.4395 -18 -202 166 

 

The pitch trace for the verb [nda.hɛn] mda‘.‘phen ‘to shoot an arrow’ 

produced in isolation is shown in Figure 5.76 below. As demonstrated previously in 

sections 5.2.1.3 and 5.2.2.4, pitch is a robust correlate of stress in Rebkong Amdo 

verbs. In this example, pitch is typically higher in σ1 (137 Hz) than in σ2 (113 Hz), 

for a difference of -24 Hz. The decline in pitch from σ1 to σ2 defines a steady 

trajectory, and it is this trajectory that yields the pitch slopes observed in each 

syllable: -4.1 Hz/100msec on σ1, and -15 Hz/100msec on σ2, for a slope difference 

across syllables of -11 Hz/100msec. Since the pitch slope contrast is not contextually 

significant – it cannot be distinguished from the pitch contrast – it cannot be a 

correlate of stress. (In this word, both intensity and vowel duration are also more 

prominent in σ1, the stressed syllable, though this may in part be attributable to the 

contrast in vowel quality across syllables; Δintensity = -8 dB, Δvowel duration = -64 

msec.) 
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Figure 5.76  AR_05 / Verbs / Isolation / Pitch trace: [nda.hɛn] mda’.’phen ‘to shoot an 
arrow’ 

 

A similar pattern is observed in the verb [kʰʌŋ.bʌp] gangs.babs? ‘to snow’, 

illustrated in Figure 5.77 below. Here, the difference in pitch across syllables is -27 

Hz. The decline in pitch from σ1 to σ2 is reflected in the pitch slopes observed: -9.3 

Hz/100msec in σ1, and -19 Hz/100msec in σ2, for a slope difference of  -9.8 

Hz/100msec. (Δintensity = -2 dB, Δvowel duration = 46 msec.) 
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Figure 5.77  AR_05 / Verbs / Isolation / Pitch trace: [kʰʌŋ.bʌp] gangs.babs? ‘to snow’ 

 

The frame forms for these two words exhibit similar behavior. In [nda.hɛː̃] 

mda’.’phen ‘to shoot an arrow’ – shown in Figure 5.78 below – pitch declines from 

120 Hz in σ1 to 110 Hz in σ2. This decline in pitch across syllables is reflected in the 

rates of pitch slope: -7.9 Hz/100msec on σ1, and -11 Hz/100msec on σ2, for a 

difference of  -3.0 Hz/100msec (i.e., slightly more downward in σ2). Intensity also 

contributes to the perception of σ1 stress (Δintensity = -6 dB); the difference in vowel 

duration is a trivial -5 msec. 
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Figure 5.78  AR_05 / Verbs / Frame / Pitch trace: [nda.hɛn] mda’.’phen ‘to shoot an 
arrow’ 

 

The pitch trace for the frame form of [kʰʌŋ.bʌp] gangs.babs? ‘to snow’ is 

shown in Figure 5.79 below. Again, the downward pitch slope in both syllables 

follows from the decrease in pitch across syllables, which serves as a cue for σ1 

stress: Δpitch = -17 Hz; Δpitch slope = (-22.31 in σ2) – (9.7 in σ1) = -32 Hz/100msec. 

Intensity is also a cue for σ1 stress (Δintensity = -4 dB), while the vowel in σ2 is 

actually longer than that in σ1 (Δvowel duration = 12 msec.) 
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Figure 5.79  AR_05 / Verbs / Frame / Pitch trace: [kʰʌŋ.bʌp] gangs.babs? ‘to snow’ 

 

The relationship between pitch and pitch slope is illustrated in Figure 5.80 

below. Verbs produced in isolation and in the sentence frame (with the exception of 

the anomalous ‘to rain’) fall in the lower left quadrant of the graph. The fact that all 

points plot to the left of the y-axis means that pitch is higher in σ1 than in σ2 – i.e., 

pitch declines from σ1 to σ2. The fact that all points also plot below the x-axis – i.e., 

with a more downward slope in σ2 than in σ1 - is a direct consequence of this pitch 

pattern: the slope in σ2 is simply a continuation of the downward trajectory of pitch. 

Pitch slope is thus an epiphenomenon of pitch; lacking contextual significance, it is 

not a correlate of the perceived σ1 stress. 
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Figure 5.80  AR_05 / Verbs:  Pitch difference vs. pitch slope difference 

 

5.3.3 The interaction of pitch and pitch slope 

As demonstrated in the sections above, pitch and pitch slope can be regarded 

as two expressions of a single acoustic resource: fundamental frequency. In Rebkong 

Amdo, a speaker can use pitch, pitch slope, or both to convey stress. In this section, 

the relationship between pitch and pitch slope is compared across lexical categories. 

In Figure 5.81 below, pitch differences and pitch slope differences across 

syllables are plotted for isolation forms produced by speaker AR_04, for all lexical 

categories. As noted previously, this speaker was not comfortable producing verbs in 

isolation, so these points cannot be considered representative. For nouns and 

adjectives, most points fall in the lower right quadrant, indicating that pitch and pitch 

slope reinforce one another as correlates of stress. (Since pitch is a robust correlate of 
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σ2 stress regardless of the potential effects of vowel height – as demonstrated in 

sections 4.2.1.1 and 5.2.1.2 – there was no reason to control for this parameter, so all 

points are included in the graph below.) 

Figure 5.81  AR_04 / Isolation:  Pitch difference vs. pitch slope difference 

 

Virtually all of the nouns and adjectives in Figure 5.81 above have a pitch 

contrast of at least 10 Hz, or a pitch slope contrast of at least -10 Hz/100msec, or both 
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– that is, they plot away from the graph’s origin. The point closest to the origin is the 

noun [ҫɯ.'ma] ?.ma ‘tea with tsampa’, at coordinates (5, -5.8). 

In some cases, one of these correlates is weak, while the other is strong. These 

are points falling close to (or above) the x-axis , or close to (or left of) the y-axis.  

Crucially, none of the nouns or adjectives fall in the upper-left quadrant of the 

graph. These would be cases with both pitch and pitch slope more prominent in σ1, 

contradicting the stress pattern. 

 

For the AR_04 frame forms, plotted in Figure 5.82 below, the two verbs are 

clearly distinguished from non-verbs by pitch, but not by pitch slope. (That is, verbs 

plot left of the y-axis, non-verbs plot right of the y-axis, but all plot below the x-axis.) 

Again, most nouns and adjectives plot in the lower-right quadrant, indicating that 

pitch and pitch slope are both more prominent on σ2, the stressed syllable. A number 

of nouns and adjectives have a more prominent pitch slope on σ1and thus fall above 

the x-axis. But in all of these cases, the average pitch is at least 17 Hz higher on σ2, 

which is certainly a distinctive cue for stress. 

There are no points close to the origin of the graph: contrasts in pitch are 

always at least 10 Hz, and/or contrasts in pitch slope are always at least -10 

Hz/100msec. 

For verbs, the difference in pitch across syllables is negative, meaning that 

pitch is higher in σ1, which is the stressed syllable. Both tokens also plot below the x-

axis, indicating a steeper downward slope in σ2. As discussed in section 5.3.1.3, this 
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is completely unrelated to stress, and is a direct result of the drop in pitch across the 

entire word. 

Figure 5.82  AR_04 / Frame:  Pitch difference vs. pitch slope difference 

 

Pitch and pitch slope contrasts for AR_05 isolation forms are plotted in Figure 

5.83 below. Even before the incidental effects of contrasts in vowel height and 

syllable closure are controlled for, it is clear that the verbs are again distinguished 
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from the non-verbs by pitch, though not by pitch slope; again, nouns, adjectives, and 

numerals generally pattern alike. 

Figure 5.83  AR_05 / Isolation:  Pitch difference vs. pitch slope difference 

 

The graph in Figure 5.84 below shows only the appropriate control groups. 

For non-verbs, the control groups include only those forms in which σ2 is open, and 

which also have vowels of the same height in both syllables. For verbs, all tokens are 
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plotted, since vowel height and σ2 closure did not have an incidental effect on pitch 

or pitch slope. 

Figure 5.84  AR_05 / Isolation / Control groups:  Pitch difference vs. pitch slope 
difference 

 

As shown, for the control group of nouns, adjectives, and numerals, pitch is 

not a consistent cue for stress. These non-verbs plot close to or to either side of the y-

axis: sometimes pitch is higher in σ1, sometimes it is higher in σ2, and the contrast 
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across syllables is not very dramatic. In all of these cases, pitch slope serves as the 

reliable correlate of stress, with a contrast in slope of at least -10 Hz/100msec. The 

only word which plots above the x-axis is the numeral [kɤb.tɕɤ] dgu.bcu ‘ninety’, 

discussed in section 5.3.2.3. Crucially, none of the non-verbs plot in the upper left 

quadrant. These would be cases with both pitch and pitch slope more prominent on 

σ1, contradicting the stress pattern. 

 

Pitch differences and pitch slope differences for the AR_05 frame forms are 

plotted in Figure 5.85 below. (The anomalous verb ‘to rain’ has been excluded from 

this graph.) Once again, verbs are distinguished from non-verbs by pitch, though not 

by pitch slope.  
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Figure 5.85  AR_05 / Frame:  Pitch difference vs. pitch slope difference 

 

Patterns are more refined in Figure 5.86 below, which shows the control 

groups for nouns and adjectives – i.e., only those words which have vowels of the 

same height in both syllables, and in which σ2 is open. (The full set of two verbs is 

plotted, since verbs were not affected by vowel height or syllable closure.) 

For nouns – with only a few exceptions – both pitch and pitch slope are 

correlates of stress. For adjectives, pitch is a cue for stress, but pitch slope is not: 
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points fall close to and to either side of the x-axis. For verbs, pitch is a cue for stress, 

but pitch slope is not; slope differences are not contextually significant, since they are 

an epiphenomenon of the pitch contrast. 

Figure 5.86  AR_05 / Frame / Control groups:  Pitch difference vs. pitch slope difference 

 

In conclusion, fundamental frequency can be regarded as a robust and reliable 

acoustic correlate of stress in Rebkong Amdo. For non-verbs, a speaker may exercise 
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flexibility in the manipulation of this acoustic resource, conveying stress sometimes 

through prominence in pitch, sometimes through prominence in pitch slope, and most 

often through prominence in both parameters. For verbs, stress is conveyed by pitch; 

pitch slope patterns are a direct reflection of pitch patterns, so pitch slope never 

serves as a correlate of stress. 

5.4 Intensity 

For the two speakers of Rebkong Amdo Tibetan considered here, there are 

small samples or subsets of data in which intensity does show a correlation with 

stress. However, I do not generally consider intensity to be a meaningful correlate of 

stress, in the sense that a listener cannot always depend on this acoustic signal to 

provide a statistically and perceptually significant means of identifying the stressed 

syllable. 

As discussed in section 2.5.2.2, Lehiste (1970) demonstrated that vowels of 

different heights have different intrinsic intensities – low vowels intrinsically have a 

higher intensity than high vowels – and she identified 1 dB as the just-noticeable 

difference. Both of these points are taken into consideration in the analysis of 

intensity here. 

For speaker AR_04, when contrasts in vowel height are controlled for – by 

focusing on subsets of words which have vowels of the same height in both syllables 

– nouns show a limited and perceptually weak correlation with σ2 stress, while 

adjectives are found to have a slightly higher intensity on σ1, contradicting the stress 
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pattern. The sample of verbs is too small to be conclusive; the patterns here suggest 

that a larger sample might reveal a correlation between intensity and σ1 stress. 

For speaker AR_05, after controlling for contrasts in vowel height, nouns 

show only a limited and weak correlation with σ2 stress. This is also the case for 

adjectives recorded in the sentence frame; for adjectives produced in isolation, the 

contrast in intensity across syllables is not statistically significant, even for the control 

group. Numerals (recorded only in isolation) show a correlation between intensity and 

σ2 stress, while verbs show a correlation between intensity and σ1 stress. 

Analysis of intensity data for speakers AR_04 and AR_05 is presented in 

sections 5.4.1 and 5.4.2, below. 

5.4.1 Intensity for speaker AR_04 

For words produced by speaker AR_04 in isolation, the distribution of 

intensity measurements in the two syllables of each lexical category is represented in 

the box-and-whisker plots in Figure 5.87 below. Since the intrinsic variation of 

intensity as a function of vowel height is such an influential factor in these analyses, 

these plots are based on the control groups – i.e., those words with vowels of the 

same height in both syllables. I have drawn an X through the verb plot, since I do not 

consider this data to be valid; as discussed previously, it proved very difficult for 

speaker AR_04 to produce verbs in complete isolation, without the normal context of 

tense, aspect, and evidentiality. 
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Figure 5.87  AR_04 / Isolation:  Intensity contrasts (“SH” indicates that only words with 
vowels of the same height in both syllables are plotted) 

 

For the control group of nouns, intensity tends to be higher in σ2, the stressed 

syllable. However, while the intensity contrast across syllables is statistically 

significant, it may be so small as to barely exceed the difference limen of 1 dB 

discussed by Lehiste. Thus I consider AR_04 isolation nouns to exhibit a limited and 

weak correlation with stress – “limited” because the correlation does not pertain to all 

other vowel height groups, and “weak” because even a statistically significant 

difference may be barely perceptible.  

For adjectives in the control group, intensity is higher in σ1, the unstressed 

syllable, so it is quite clear that intensity is not a correlate of stress. 
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The distribution of intensity measurements for AR_04 frame forms are 

illustrated in Figure 5.88 below. Again, only the subsets on which the final analysis 

was based are represented. 

Nouns and adjectives exhibit the same patterns as they did in isolation: Nouns 

show only a weak and limited correlation between intensity and σ2 stress. The control 

group of adjectives has only two members, and in both of these intensity is higher in 

σ1, contradicting the stress pattern. 

Verbs also have a higher intensity in σ1, which is the stressed syllable. In one 

of the two tokens which could be analyzed, this intensity pattern might be attributable 

to a [lower.higher] vowel height contrast. Thus there was only one control sample 

showing a correlation with stress. 
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Figure 5.88  AR_04 / Frame:  Intensity contrasts (“SH” indicates that only words with 
vowels of the same height in both syllables are plotted) 

 

Detailed analyses of intensity data for AR_04 nouns, adjectives, and verbs are 

presented in sections 5.4.1.1 through 5.4.1.3 below. 

5.4.1.1 AR_04 Nouns 

If intensity were a robust correlate of the σ2 stress perceived on AR_04 nouns, 

then one would expect to see a consistently higher intensity on σ2. However, as 

shown in Figure 5.89 below, for both isolation and frame forms intensity is higher on 

σ1 in about half the words, and higher on σ2 in about half the words, regardless of 

morphological structure. 
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Figure 5.89  AR_04 / Nouns:  Intensity 

 

These distributions reflect the interaction of two factors: (a) the intrinsic 

variation of intensity as a function of vowel height; and (b) the use of intensity to 

convey stress. In Figure 5.90 below, the isolation forms are plotted in terms of vowel 

height in the two syllables of a word. (The eight nouns with a diphthong in σ1 have 

been excluded.) In the plot to the left, intensity is usually higher on whichever 

syllable has a lower vowel, as one would predict following Lehiste (1970): 

[lower.higher] forms – such as [kʰa.tu] kha.thum? ‘lid, cover’ and [dzo.mu] dzo.mo 

‘female dzo’ – fall to the left of the dashed line, while [higher.lower] forms – such as 

[ʂɨ.mo] sras.mo ‘girl, daughter’ and [lex.ka] las.ka ‘work’ fall to the right of the 

dashed line. 
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Figure 5.90  AR_04 / Nouns / Isolation:  Intensity vs. vowel height contrast 

 

The plot to the right above shows that in the control group – nouns in which 

the vowels have the same height in both syllables, such as [na.ma] mna’.ma ‘bride’ 

and [ᵊgɤn.ɖɤm] rgun.’brum ‘grape’ – intensity is most often higher on σ2, with most 

points falling to the right of the dashed line rather than being distributed evenly to 

either side. This indicates a correspondence between stress and intensity. 

The box-and-whisker plot in Figure 5.91 below illustrates the variation in 

intensity contrast as a function of vowel height contrast. The [same.height] group 

suggests that the speaker does manipulate intensity to convey stress. This correlation 

is obscured in the [lower.higher] group, and exaggerated in the [higher.lower] group. 
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Figure 5.91  AR_04 / Nouns /  Isolation:  Intensity differences vs. vowel height contrasts 

 

Paired-sample t-tests for the isolation forms are summarized in Table 5.19 

below. For the [lower.higher] nouns – where intensity corresponds with vowel height 

and is greater on σ1 – the difference across syllables is statistically highly significant 

(p << 0.05), and even the minimum probable mean contrast represented by the upper 

95% confidence limit (-2.4 dB) is likely to be of perceptual significance. If a listener 

were focusing on intensity as a cue for stress, s/he would receive acoustic information 

which contradicts the stress pattern. 
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Table 5.19  AR_04 / Nouns / Isolation / Intensity by vowel height contrast:  Paired-
sample t-tests (two-tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher -5.1543 34 1.084e-05 -4.0 -5.6 -2.4

same height 3.7872 24 0.0009006 2.5 1.2 4.0 

higher.lower 6.9743 24 3.272e-07 6.7 4.7 8.7

 

In the [higher.lower] nouns – where intensity is exaggerated on σ2 because of 

the vowel height contrast – the difference across syllables is again statistically highly 

significant (p << 0.05), averaging 6.7 dB. Even the minimum probable mean 

difference represented by the lower 95% confidence limit (4.7 dB) would certainly be 

highly perceptible.  

The control group – the subset of nouns which have vowels of the same height 

in both syllables – provides the most genuine measure of the degree to which speaker 

AR_04 manipulates intensity to convey stress, since the effects of vowel height 

contrast are neutralized. Here, the difference in intensity across syllables is 

statistically significant (p < 0.05), with a mean increase of 2.5 dB. However, the 

minimum probable mean difference indicated by the lower 95% confidence limit (1.2 

dB) is barely greater than the just-noticeable difference limen of 1 dB (Lehiste 1970). 

For isolation forms of nouns produced by speaker AR_04, then, intensity 

cannot be considered a consistent and robust cue for stress – an acoustic cue by which 

the listener can reliably identify the stress pattern . Rather, it is only a limited and 

weak correlate. In the control group, the contrast across syllables may not always be 
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highly perceptible. And in the [lower.higher] subset, intensity is higher on σ1, the 

syllable which is not stressed. 

 

Nouns produced in the sentence frame by this speaker show almost exactly the 

same patterns. Frame forms are plotted in terms of vowel height contrast in Figure 

5.92 below. (The six words with a diphthong in σ1 were excluded.) The plot on the 

left shows that intensity is usually higher in whichever syllable has the lower vowel. 

The plot on the right shows that, when there is no contrast in vowel height across 

syllables, intensity is usually higher on σ2, corresponding with the perceived stress 

pattern. 

Figure 5.92  AR_04 / Nouns / Frame:  Intensity vs. vowel height contrast 
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The trend in intensity variation as a function of vowel height contrast for the 

frame forms is illustrated in the box-and-whisker plot in Figure 5.93 below. As was 

the case with the isolation forms, we can see here that the correspondence between 

intensity and stress is obscured in the [lower.higher] nouns – where the effects of 

vowel height and stress oppose one another – and exaggerated in the [higher.lower] 

nouns – where the effects of vowel height and stress reinforce one another. 

Figure 5.93  AR_04 / Nouns /  Frame:  Intensity differences vs. vowel height contrasts 

 

Again, it is the subset with no contrast in vowel height across syllables that 

provides the crucial information. Here, the increase in intensity is statistically 

significant (p < 0.05) , with an average increase of 2.6 dB. However, with a lower 

95% confidence limit of 1.3 dB – not much greater than the difference limen of 1.0 

dB – the intensity difference may be barely perceptible. 
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Table 5.20  AR_04 / Nouns / Frame / Intensity by vowel height contrast:  Paired-sample 
t-tests (two-tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher -4.9686 21 6.456e-05 -4.2 -5.9 -2.4

same height 3.9519 24 0.000595 2.6 1.3 4.0

higher.lower 6.788 20 1.336e-06 5.9 4.1 7.7

 

In conclusion, for the AR_04 frame forms – as for the isolation forms – 

intensity shows a correlation with the perceived σ2 stress pattern only for a limited, 

controlled sample, and even there, the intensity contrast is not always highly 

perceptible. 

5.4.1.2 AR_04 Adjectives 

Though the sample size is not very large, AR_04 adjectives tend to show a 

higher intensity on σ1, in contradiction to the perceived pattern of σ2 stress. 

Intensity measurements for all isolation and frame forms are plotted in Figure 

5.94 below. (Several data points in these plots have identical coordinates, and so 

overlap.) Most of the adjectives plot to the left of the dashed line, indicating a higher 

intensity on σ1. For all we know at this point, though, the distribution might be 

entirely attributable to contrasts in vowel height across syllables. 



458 

 

Figure 5.94  AR_04 / Adjectives:  Intensity 

 

To test this, the isolation forms are plotted in terms of vowel height in Figure 

5.95 below. (The sample size is now even smaller: only ten isolation forms and eight 

frame forms remain once adjectives with diphthongs are excluded. ) 

When there is a contrast in vowel height across syllables – as in the graph on 

the left – intensity seems to behave as one would predict following Lehiste (1970): 

intensity is usually higher on whichever syllable has the lower vowel. For instance, 

the [lower.higher] adjective [xkam.bo] skam.po ‘dry, dried’ plots to the left of the 

dashed line, while the lone [higher.lower] adjective [sʰo.ma] so.ma ‘new’ plots to the 

right of the dashed line. 
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Figure 5.95  AR_04 / Adjectives / Isolation:  Intensity vs. vowel height contrast 

 

When there is no contrast in vowel height across syllables – as in the graph on 

the right above – one would predict, following Lehiste, that adjectives would be 

evenly distributed to either side of the dashed line. And if intensity were a robust 

correlate of stress, one would predict that all of them would fall to the right of the 

dashed line. Instead, all of them plot to the left, indicating a higher intensity on σ1. 

These include forms such as [tɕʰe.po] chen.po ‘big’ and [ᵊrʌ.ŋo] ring.po ‘long’. 

 

The frame forms exhibit similar patterns, though the sample is smaller still. In 

Figure 5.96 below, all but one of the [lower.higher] adjectives have a higher intensity 

on σ1, falling to the left of the dashed line, while the lone [higher.lower] adjective has 

a higher intensity on σ2, and falls to the right. These contrastive cases again indicate 
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that vowel height has a strong influence on intensity. The two [same.height] 

adjectives – [tɕʰe.po] chen.po ‘big’ and [ɕʰɤ.ko] phyug.po ‘rich’ – overlap at the 

same (σ2, σ1) coordinates, (74, 76), and so appear as a single point in the graph on 

the right. Of course, two tokens do not comprise a convincing sample, but it is 

noteworthy all the same that neither of them exhibit a correspondence between 

intensity and stress. 

Figure 5.96  AR_04 / Adjectives / Frame:  Intensity vs. vowel height contrast 

 

For isolation and frame forms, box-and-whisker plots for the control group – 

the adjectives with vowels of the same height in both syllables – are shown in Figure 

5.97 below. The median intensity is higher on σ1 than on σ2 for adjectives in both 

settings. For the isolation forms, the boxes representing the span of measurements 
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overlap slightly; for the frame forms there is no box at all because the two adjectives 

had the same values on both syllables. 

Figure 5.97  AR_04 / Adjectives:  Intensity with vowels of same height 

 

Paired-sample t-tests for the control groups of isolation and frame forms are 

summarized in Table 5.21 below. For the isolation forms the difference in intensity is 

statistically significant, with a p-value < 0.05; the mean decrease across syllables is    

-2.2 dB. The contrast of -0.73 dB indicated by the upper 95% confidence limit is 

almost certainly not perceptible. For the frame forms, a paired-sample t-test could not 

be completed since the two adjectives in this group have exactly the same intensity on 

both syllables. 
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Table 5.21  AR_04 / Adjectives with same vowel height / Intensity:  Results of paired-
sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 
lower upper 

AR_04 
isolation -4.7001 3 0.01822 -2.2 -3.8 -0.73

frame – 1 – -2.0 – – 

 

In summary, even though the sample size is quite small, there is certainly no 

evidence that intensity correlates with σ2 stress in AR_04 adjectives. On the contrary, 

it seems that intensity is generally higher on σ1, except in the few cases where it is 

drawn to σ2 by a contrast in vowel height. 

5.4.1.3 AR_04 Verbs 

Very little can be said about the behavior of intensity in AR_04 verbs. As 

noted above, this speaker was not comfortable producing verbs without the context of 

tense / aspect / evidentiality, with the result that the isolation forms were awkwardly 

produced and cannot be considered representative. For the frame forms, the sample is 

too small to control for incidental factors, and so no conclusive findings can be 

reached. 

Intensity measurements for isolation and frame forms are plotted in Figure 

5.98 below. The two frame forms which could be segmented and analyzed have a 

higher intensity on σ1, suggesting a correlation with stress. 
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Figure 5.98  AR_04 / Verbs:  Intensity 

 

However, one of the two verbs – [nʌm.bɨʋ] gnam.babs ‘to rain’ – has a 

[lower.higher] vowel height contrast, and is predicted, on that basis, to have a higher 

intensity in σ1. Thus it is impossible to determine whether the observed intensity 

contrast is a reflection of stress, or a reflection of vowel height. The one verb with 

vowels of the same height in both syllables – [ɮẽ.dʑɤʋ] lan.brgyab ‘to answer’ – also 

has a higher intensity on σ1, the stressed syllable. But one token is hardly sufficient 

evidence to claim a correlation between intensity and stress. 

All that can be said with certainty here is that neither of these examples has a 

higher intensity on σ2, which would contradict the perceived stress pattern. It is 
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possible that a larger sample might demonstrate that intensity is indeed a cue for 

stress. 

5.4.2 Intensity for speaker AR_05 

For speaker AR_05, intensity shows a clear correlation with σ1 stress in verbs 

– both in isolation and in the sentence frame – and with σ2 stress in numerals, 

recorded only in isolation. Intensity shows a limited and weak correlation with the σ2 

stress perceived on nouns. For adjectives, the sample is too small to be definitive, but 

the data suggests that intensity may be a correlate of stress for the forms forms, 

though not for the isolation forms. 

Figure 5.99 below shows the distribution of intensity measurements for both 

syllables of words produced in isolation by speaker AR_05. For nouns and adjectives, 

since vowel height has such a strong effect on intensity, analysis was based on the 

control group of words with vowels of the same height in both syllables – so these are 

the subsets represented here. For verbs, contrasts in vowel height were not relevant to 

the analysis; since the analysis was thus based on the full set of verbs, that is what is 

represented here. 

For the control group of nouns, the increase in intensity from σ1 to σ2 is 

statistically significant, but – as was the case for AR_04 nouns produced in isolation 

– a statistically significant contrast may be barely greater than the just-noticeable 

difference. Thus the correlation between intensity and stress exhibited by AR_05 

isolation nouns can only be considered limited and weak. 
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For adjectives, the small sample does not suggest a correlation between 

intensity and σ2 stress. In the box-and-whisker plot below there is almost complete 

overlap of the measurements in the two syllables. 

Like the other non-verbs, numerals are stressed on σ2, though they are not 

shown here for lack of space in the graph. As demonstrated in section 5.4.2.3 below, 

intensity shows a clear correlation with stress for this group. 

AR_05 verbs are stressed on σ1, and in all tokens – regardless of vowel height 

contrast – intensity is also higher on σ1. 

Figure 5.99  AR_05 / Isolation:  Intensity contrasts (“SH” indicates that only words with 
vowels of the same height in both syllables are plotted) 
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Figure 5.100 below shows the distribution of intensity measurements for 

AR_05 frame forms. Again, only the subsets on which the final analysis was based 

are represented. 

For both nouns and adjectives, intensity is a correlate of σ2 stress in the 

control group, but this does not extend to all height groups: the correlation with stress 

can be obscured by the intrinsic variation of intensity with vowel height. Intensity can 

thus be considered to show only a limited and weak correlation with stress for nouns 

and adjectives produced in the sentence frame. 

In verbs produced in the sentence frame, the contrast in intensity across 

syllables is statistically significant. Given the variability in σ2, however, this contrast 

may be barely above the just-noticeable difference. 
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Figure 5.100  AR_05 / Frame:  Intensity contrasts (“SH” indicates that only words with 
vowels of the same height in both syllables are plotted) 

 

Intensity data for AR_05 nouns, adjectives, numerals and verbs is considered 

in detail in sections 5.4.2.1 through 5.4.2.4 below. 

5.4.2.1 AR_05 Nouns 

Intensity measurements for both isolation and frame forms of AR_05 nouns 

are plotted in Figure 5.101 below. (Note that a number of points plot on top of each 

other and so are not visible.) As shown, the majority of nouns have a higher intensity 

on σ2 – the stressed syllable – plotting to the right of the dashed line. This is 

particularly true of the frame forms. Here, only a few compound nouns like [var.tɕʰɪl] 

bar.chad ‘obstruction’ and [ra.lɯɣ] ra.lug ‘goats and sheep’ plot to the left; these 
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have a [lower.higher] vowel height contrast, suggesting that this factor may play a 

strong role in the distribution. 

Figure 5.101  AR_05 / Nouns:  Intensity 

 

Indeed, the importance of vowel height is confirmed by the plots in Figure 

5.102 below. For both isolation and frame forms, when there is a contrast in vowel 

height across syllables – as in the plots on the left – there is a rough tendency for 

intensity to be higher on whichever syllable has a lower vowel, as one would predict 

following Lehiste (1970). However, the influence of stress appears to sometimes 

override this tendency. That is, nouns in the [lower.higher] group might be predicted 

– on the basis of vowel height alone – to consistently have a higher intensity on σ1. 

Instead, even some of these cases have a considerably higher intensity on σ2, the 

stressed syllable. 
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Figure 5.102  AR_05 / Nouns / Isolation:  Intensity vs. vowel height contrast 
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Nouns with vowels of the same height in both syllables are plotted in the 

graphs to the right above. For both isolation and frame forms, nearly all nouns in 

these control groups have a higher intensity on σ2, indicating a correspondence with 

the perceived σ2 stress pattern. 

The box-and-whisker plot in Figure 5.103 below illustrates the 

correspondence between intensity contrast and vowel height contrast for the isolation 

forms. In the [lower.higher] group, the notch spans the x-axis, indicating that the 

median difference in intensity across syllables for this subset is not significantly 

different than zero. 

Figure 5.103  AR_05 / Nouns / Isolation:  Intensity differences vs. vowel height contrasts 

 

Paired-sample t-tests, summarized in Table 2.8 above, confirm that the 

contrast for this [lower.higher] group is not statistically significant, with p > 0.05 and 
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a 95% confidence interval that includes zero. For nouns with a [higher.lower] vowel 

height contrast, the intensity increase from σ1 to σ2 is statistically significant (p << 

0.05), with mean differences across syllables of 2.4 dB. 

Table 5.22  AR_05 / Nouns / Isolation:  Intensity by vowel height contrast:  Paired-
sample t-tests (two-tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher 1.442 31 0.1593 0.72 -0.30 1.7

same height 4.529 31 8.243e-05 1.8 1.0 2.6

higher.lower 5.144 23 3.266e-05 2.4 1.4 3.4

 

For the crucial control group – the [same.height] nouns – the intensity 

increase is statistically significant (p << 0.05), but a statistically significant mean 

increase may be as small as 1 dB (the lower 95% confidence limit), which is barely 

perceptible (Lehiste 1970). Thus for AR_05 nouns produced in isolation, we can say 

that only a limited subset of the data shows a correlation between intensity and stress, 

and the contrast in intensity across syllables may not always be highly perceptible. 

Thus intensity can only be considered a limited and weak correlate of stress. (This 

was also the case for nouns produced by speaker AR_04.) 

 

The correspondence between intensity contrast and vowel height for the frame 

forms is illustrated in the box-and-whisker plot in Figure 5.104 below. Nouns in the 

[same.height] group show a more distinct increase in intensity across syllables than 

was the case for the isolation forms.  
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Figure 5.104  AR_05 / Nouns / Frame:  Intensity differences vs. vowel height contrasts 

 

A paired-sample t-test, summarized in Table 5.23 below, confirms that the 

contrast for the control group is statistically significant, with p << 0.05 and a mean 

intensity difference of 2.7 dB. Even the smallest probable mean difference in intensity 

of 1.9 dB (the lower 95% confidence limit) is somewhat greater than Lehiste’s just-

noticeable difference limen of 1.0 dB. For this limited subset, then, I consider 

intensity to be a meaningful correlate of stress. 

Table 5.23  AR_05 / Nouns / Frame / Intensity by vowel height contrast:  Paired-sample 
t-tests (two-tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher 1.684 27 0.1037 0.93 -0.20 2.06

same height 7.492 30 2.373e-08 2.7 1.9 3.4

higher.lower 14.4914 20 4.539e-12 4.0 3.4 4.6
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For nouns in the [lower.higher] group, the difference in intensity across 

syllables is not significant: p > 0.05 and the 95% confidence interval includes zero. 

Here, the correspondence between intensity and stress is obscured, since the effects of 

vowel height and stress oppose one another. For the [higher.lower] nouns, the 

correspondence between intensity and stress is exaggerated, since the effects of vowel 

height and stress reinforce one another. The difference in intensity across syllables is 

highly significant (p << 0.05), with a mean difference of 4.0 dB and a lower 95% 

confidence limit of 3.4 dB, which are likely to be highly perceptible. 

 

In conclusion, in isolation and in the sentence frame, nouns in the control 

group show that speaker AR_05 does, indeed, manipulate intensity in correspondence 

with the σ2 stress pattern. This correlation is statistically significant, but may be 

perceptually weak. Furthermore, in nouns in the [lower.higher] group, the correlation 

between intensity and stress is not strong enough to prevail over the intrinsic effects 

of vowel height. Thus for AR_05 nouns, intensity can be regarded as only a limited 

and weak correlate of stress. 

5.4.2.2 AR_05 Adjectives 

Intensity measurements for AR_05 adjectives are plotted in Figure 5.105 

below. The isolation forms fall to either side of the dashed line; sometimes intensity 

is higher in σ1, sometimes it is higher in σ2. Most of the frame forms fall to the right 

of the dashed line, indicating a higher intensity on σ2. In both settings, the two 
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reduplicated forms – [ɮeʋ.lɛʋ] leb.leb ‘flat’ and [tɕʰʊŋ.tɕʰʊŋ] chung.chung ‘small’ – 

have a higher intensity on σ2, suggesting a correlation with stress. 

Figure 5.105  AR_05 / Adjectives:  Intensity 

 

For isolation forms, the potential effects of vowel height contrast are taken 

into consideration in the plot in Figure 5.106 below. (Only eleven of the twelve 

adjectives are plotted, since one contained a diphthong.) Overall, eight tokens have a 

higher intensity in σ2, the stressed syllable. However, the graph on the left side of the 

figure shows that, for three of these, the intensity pattern may be attributable to the 

contrast in vowel height – the [higher.lower] adjectives all fall to the right of the 

dashed line. (The one [lower.higher] adjective with a higher intensity on σ2 is 

[tsʰan.di] tsha.’di ‘hot’.) 
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The graph on the right shows that, when vowel height is the same in both 

syllables, most adjectives have a higher intensity on σ2. Some of the isolation forms 

plot quite close to the dashed line, though, indicating only a small contrast, and one – 

[no.χo] nag.po ‘black’ – has a higher intensity on σ1. 

Figure 5.106  AR_05 / Adjectives / Isolation:  Intensity vs. vowel height contrast 

 

Paired-sample t-tests for the isolation forms are summarized in Table 5.24 

below. The contrast in intensity across syllables is not statistically significant for any 

of the vowel height groups; in all cases, p > 0.05 and the 95% confidence intervals 

include zero. For the control group, with such a small sample, the one adjective with a 

higher intensity on σ1 has a considerable impact on the statistical analysis. A larger 
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sample might reveal a correlation between intensity and σ2 stress. (Though on the 

other hand, it might not.) 

Table 5.24  AR_05 / Adjectives / Isolation:  Intensity by vowel height contrast:  Paired-
sample t-tests (two-tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher 0.1796 2 0.874 0.33 -7.6 8.3

same height 0.767 4 0.4859 1.0 -2.6 4.6

higher.lower 1.964 2 0.1885 3.0 -3.6 9.6

 

 

The frame forms of AR_05 adjectives are plotted in terms of vowel height in 

Figure 5.107 below. Again, as shown in the plot at left, there are three cases in which 

the higher intensity on σ2 can be attributed to the intrinsic effects of a [higher.lower] 

vowel height contrast. Two of the [lower.higher] forms plot on or very close to the 

dashed line, suggesting that any potential correlations between intensity and stress 

and between intensity and vowel height neutralize one another. The third 

[lower.higher] form – [tsʰan.di] tsha.‘di ‘hot’ – has a higher intensity on σ2 (as was 

the case in isolation); this point plots at (σ2, σ1) coordinates (80,74) and is obscured 

by one of the [higher.lower] forms. 

Adjectives in the control group – those with vowels of the same height in both 

syllables, including [tɕʰe.po] chen.po ‘big’ and [tɕʰʊŋ.tɕʰʊŋ] chung.chung ‘small’, 

which overlap at coordinates (78, 74) – all have a higher intensity on σ2, plotting to 
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the right of the dashed line below. These cases suggests a correlation between 

intensity and σ2 stress. 

Figure 5.107  AR_05 / Adjectives / Frame:  Intensity vs. vowel height contrast 

 

Paired-sample t-tests for the frame forms are summarized in Table 5.25 

below. For the control group, even though the sample is small, the test indicates that 

the difference in intensity across syllables is significant (p < 0.05), with a mean 

increase of 4.2 dB. Even the minimum probable mean increase of 2.2 dB is likely to 

be clearly perceptible. This subset suggests that intensity is a meaningful correlate of 

stress for AR_05 nouns produced in the sentence frame. 
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Table 5.25  AR_05 / Adjectives / Frame:  Intensity by vowel height contrast:  Paired-
sample t-tests (two-tailed) 

Vowels t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher 0.7625 2 0.5254 1.6 -7.7 11 

same height 5.7155 4 0.004636 4.2 2.2 6.2

higher.lower 12.1244 2 0.006734 7.0 4.5 9.5

 

In the [lower.higher] nouns, the correlation between intensity and σ2 stress is 

obscured by the intrinsic variation of intensity with vowel height. Conversely, in the 

[higher.lower] nouns it is exaggerated. 

 

In conclusion, the contrast in intensity across syllables is not statistically 

significant for the AR_05 isolation forms of adjectives, even in the control group. For 

the frame forms, the control group suggests that intensity is a correlate of stress – at 

least when it is not overridden by the intrinsic effects of vowel height contrast. 

5.4.2.3 AR_05 Numerals 

Intensity measurements for numerals are graphed in Figure 5.108 below. As 

shown, nearly all of the numerals have a higher intensity on σ2, and so fall to the 

right of the dashed line. One exception is [ʰᵊdɤn.tɕɤ] bdun.bcu ‘seventy’, which falls 

exactly on the dashed line with intensity measured as 77 dB in both syllables. The 

other is [tɕɤ.'ʈɨx] bcu.drug ‘sixteen’ at (σ2, σ1) coordinates (70,71), in which both 

vowels are centralized and reduced. (This word has the lowest intensity values on 

both syllables of all 124 isolation forms analyzed for this speaker. It likely represents 
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a case of mumbling.) The boxplot to the right in the figure below shows no overlap of 

either the notches – representing the 95% confidence interval about the median – or 

the boxes – representing the interquartile range. 

Figure 5.108  AR_05 / Numerals:  Intensity 

 

In Figure 5.109 below, the numerals are plotted in terms of vowel height. The 

three [higher.lower] numerals have a higher intensity on σ2, which one might 

attribute to the vowel height contrast. But the [same.height] nouns also mostly have a 

higher intensity on σ2, which must reflect a correlation with stress. In fact, the only 

numeral with a higher intensity on σ1 is the anomalous form [tɕɤ.'ʈɨx] bcu.drug 

‘sixteen’. 
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Figure 5.109  AR_05 / Numerals:  Intensity vs. vowel height contrast 

 

 
Paired-sample t-tests comparing intensity across syllables are summarized in 

Table 5.26 below. For the control group – those numerals with vowels of the same 

height in both syllables – the intensity difference is statistically significant (p < 0.05 ), 

averaging 4.0 dB. When all the numerals but the anomalous ‘sixteen’ are considered, 

the mean intensity difference is 4.1 dB, and the lower 95% confidence limit is 2.5 dB. 

These findings indicate that intensity is a meaningful correlate of the σ2 stress pattern 

perceived on the isolation form of numerals produced by speaker AR_05. (Frame 

forms were not recorded.) 
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Table 5.26  AR_05 / Numerals / Intensity by vowel height contrast:  Paired-sample t-
tests (two-tailed) 

Subset t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 

lower upper 
lower.higher 0 1 1 0 -13 13 

same height 4 5 0.01032 4.0 1.4 6.6

higher.lower 8 2 0.01527 5.3 2.5 8.2

all 4.5408 10 0.001073 3.6 1.8 5.4

all but ‘16’ 5.6796 9 0.000302 4.1 2.5 5.7 

 

5.4.2.4 AR_05 Verbs 

Intensity measurements for isolation and frame forms of verbs produced by 

speaker AR_05 are plotted in Figure 5.110 below. As shown, all of the verbs in both 

settings have a higher intensity on σ1 – the stressed syllable – with the exception of 

the frame form of [nʌm.baʋ] gnam.babs ‘to rain’, an anomaly which was discussed 

previously. 

This distribution cannot be attributed to the intrinsic variation of intensity with 

vowel height, since the sample includes the [lower.higher] verb [nda.hɛn] mda‘.‘phen 

‘to shoot an arrow’, the [higher.lower] verb [ʋu.dʑəp] wu.brgyab ‘to shoot a gun’, 

and three verbs with vowels of the same height in both syllables, including 

[kˣʌŋ.bʌp] gangs.babs ‘to snow’. 

Ruling out this incidental factor, then, we can conclude that intensity is a 

correlate of the perceived σ1 stress. 
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Figure 5.110  AR_05 / Verbs:  Intensity 
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Paired-sample t-tests, summarized in Table 5.27 below, show that the 

difference in intensity is statistically significant for both isolation and frame forms:    

p < 0.05, and the mean difference across syllables is ~-5.5 dB. 

Table 5.27  AR_05 / Verbs / Intensity:  Results of paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(dB) 
95 % conf. limits 
lower upper 

AR_05 
isolation -5.4392 4 0.005546 -5.6 -8.4 -2.7

frame * -4.1576 3 0.0253 -5.5 -9.7 -1.3

* The verb ‘to rain’ has been excluded. 

 

5.4.3 The interaction of pitch and intensity 

As was the case with Balti, pitch and intensity distinguish non-verbs (nouns, 

adjectives, and numerals) from verbs in Rebkong Amdo. The only exception to this is 

the set of isolation forms produced by speaker AR_04, which happens to be where we 

begin. 

For the AR_04 isolation forms, pitch difference and intensity difference are 

plotted in Figure 5.111 below. The graph on the left includes all of the measurements. 

As shown, verbs join nouns and adjectives in having a higher pitch on σ2; however, 

as discussed previously, I do not consider this verb data to be valid. Words from all 

lexical categories fall both above and below the “Intensity difference = 0” axis. 

The graph on the right includes only words which have vowels of the same 

height in both syllables. Nouns in the control group generally have a higher intensity 
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on σ2, the syllable which is stressed; adjectives in the control group have a slightly 

higher intensity in σ1, the syllable which is not stressed. 

Figure 5.111  AR_04 / Isolation:  Pitch difference vs. intensity difference 

 

The frame forms produced by speaker AR_04 are plotted in Figure 5.112 

below. Here, we can see that verbs are acoustically distinct from non-verbs, in terms 

of both pitch and intensity. In the graph on the left, the three verbs are characterized 

by a higher pitch and higher intensity on σ1, the stressed syllable. Nouns and 

adjectives show the same distribution as in the isolation forms. 

Interestingly, adjectives seem to exhibit the pitch contrasts typical of nouns, 

and the intensity contrasts typical of verbs. 
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Figure 5.112  AR_04 / Frame:  Pitch difference vs. intensity difference 

 

For the isolation forms produced by speaker AR_05, verbs are clearly distinct 

from nouns, adjectives, and numerals, as shown in Figure 5.113 below. For the verbs, 

once again, both pitch and intensity correspond with the σ1 stress pattern. For the 

non-verbs, pitch is higher on σ2 in most – but not all – cases; as demonstrated in 

section 5.3, when pitch is not a reliable cue for σ2 stress, pitch slope is. In the control 

group, shown in the graph at right, most of the non-verbs have a higher intensity on 

σ2. 
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Figure 5.113  AR_05 / Isolation:  Pitch difference vs. intensity difference 

 

The AR_05 frame forms once again confirm the acoustic distinction between 

verbs and non-verbs. In the graph on the left in Figure 5.114 below, the one verb 

which plots among the nouns is the anomalous ['nʌm. baʋ] gnams.babs ‘to rain’ 

(rain+fall), discussed previously. In all but one of the adjectives, intensity is higher on 

σ2, the stressed syllable. For nouns, it is only in the control group that most forms 

have a higher intensity on σ2. 
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Figure 5.114  AR_05 / Frame:  Pitch difference vs. intensity difference 

 

What the graphs here demonstrate is that – except in the AR_04 isolation 

forms – pitch and intensity together clearly differentiate between verbs and non-

verbs. Anomalous tokens excluded, it seems that a listener would be very unlikely to 

mistake a verb for a non-verb: even the points from each group which have the least 

separation between them on the graph occupy distinct acoustic spaces. 

5.5 Vowel duration 

As discussed in section 2.3.2.1, there are a number of factors which may 

incidentally cause vowels to be lengthened, thus obscuring or overriding a potential 

correlation between vowel duration and stress. Specifically: (a) vowels are often 

lengthened in utterance-final position; (b) vowels are often longer in open syllables 
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than in closed syllables46; and (c) low vowels are often longer than high vowels. In 

order to control for (a), isolation forms of non-verbs must be excluded from analysis 

since, in these cases, the stressed syllable is in utterance-final position. Factors (b) 

and (c) can be controlled for by focusing on the subset of forms in which both 

syllables have the same vowel in both syllables, and have the same type of syllable 

closure (i.e., [open.open] or [closed.closed]). 

Analyses of vowel duration measurements for speakers AR_04 and AR_05 

are presented in sections 5.5.1 and 5.5.2 below. They provide no clear evidence of a 

meaningful correlation between vowel duration and stress, for words of any lexical 

category produced by either speaker. 

5.5.1 Vowel duration for speaker AR_04 

Analysis of vowel duration data for speaker AR_04 is not very fruitful. As 

noted above, the isolation forms of non-verbs cannot be seriously considered at all, 

since it is not possible to determine whether a longer vowel in σ2 is attributable to 

stress or simply to the syllable’s utterance-final position. For the frame forms of non-

verbs, once incidental factors have been controlled for, the samples which remain are 

generally too small to yield a definitive conclusion. 

The isolation forms of verbs must also be excluded from consideration, since 

– as noted previously – the speaker was not comfortable producing verbs without 

                                                            
46 Vowels are also usually longer when they precede a voiced coda than when they precede a 

voiceless coda, but this factor is never relevant in this analysis. 
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some larger context of tense / aspect / evidentiality. The sample of frame forms of 

verbs is again too small to be helpful. 

Vowel duration data for nouns, adjectives, and verbs produced by speaker 

AR_04 is presented briefly in sections 5.5.1.1 through 5.5.1.3 below. 

5.5.1.1 AR_04 Nouns 

If vowel duration were a correlate of σ2 stress in Rebkong Amdo nouns, then 

we would expect vowels in σ2 to be longer than vowels in σ1. But this is not what we 

observe. 

Vowel duration measurements for AR_04 nouns are plotted in Figure 5.115 

below. I consider these to be “gross” distribution patterns, because incidental 

variation due to vowel quality, syllable closure type, and position in the utterance has 

not been factored out at this point. Nonetheless, these plots provide a general 

overview and a useful starting point. (Forms with diphthongs – which occur only in 

σ1 – have been excluded here; compensatory lengthening – which also occurs only in 

σ1 – is indicated by a circle around a data point.) 
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Figure 5.115  AR_04 / Nouns:  Gross vowel duration (circles indicate compensatory 
lengthening on σ1; forms with diphthongs excluded) 

 

As shown in the graph on the right above, the frame forms – embedded in the 

carrier sentence ‘In our language, we X say’ [ŋa.tʃu kɛ.kɨ X  se.ra] – define a fairly 

tight cluster, a stubby vertical band with greater variation in σ1 than in σ2: duration 

ranges from ~40 msec to ~140 msec in σ1, and from ~50 msec to ~100 msec in σ2. 

Among the isolation forms – shown in the graph on the left – there are some 

compound nouns which plot within this same range, but otherwise there is 

considerably more variation and the σ2 vowels are much longer. 

For the isolation forms, it is not possible to distinguish any potential 

lengthening associated with stress from any potential lengthening associated with 

σ2’s utterance-final position. This effect is compounded by the fact that σ2 is so often 
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open (with the vowel’s end point determined by the decline in intensity in the Praat 

script, as described in section 2.2.2), since monomorphemic nouns generally end in a 

variant of [-pa] or [-ma]. As noted previously, vowels in open syllables are often 

longer than vowels in closed syllables. Indeed, both of these factors affect vowel 

duration here. 

To illustrate, the isolation forms are plotted in terms of whether σ2 is open or 

closed in Figure 5.116 below. As shown in the graph on the left, when σ2 is open, its 

vowel is usually longer than ~120 msec. We cannot know whether this reflects a 

correlation with stress or simply the absence of conditions which might pose a limit 

on the vowel’s continuation. The graph on the right shows that even some nouns with 

σ2 closed have a vowel longer than 120 msec; these may be cases where the vowel is 

lengthened by virtue of being in utterance-final position, even though the syllable is 

closed. 
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Figure 5.116  AR_04 / Nouns / Isolation:  Vowel duration vs. σ2 closure (circles indicate 
compensatory lengthening on σ1; forms with diphthongs excluded) 

 

AR_04 frame forms exhibit greater cohesiveness and consistency than the 

isolation forms, as illustrated in Figure 5.117 below. Nouns with different syllable 

templates, whether they are monomorphemic – e.g., [na.'ma] mna‘.ma ‘bride’; 

[ᵊxkar.'ma] skar.ma ‘star’ – or compound – e.g., [xta.'ra] rta.ra ‘stable, horse pen’; 

[ɖoʁ.'sʰa] ‘brog.sa ‘nomad area’; [xtsa.'tʰʊŋ] rtswa.thang ‘pasture, grazing area’; 

[ʰᵊməʁ.'ʈhix] dmag.‘khrug ‘war’ – all plot within the same area in the two graphs 

below. 
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Figure 5.117  AR_04 / Nouns / Frame:  Vowel duration vs. syllable closure contrast 
(circles indicate compensatory lengthening on σ1) 

 

 

This cohesiveness is not surprising: within the carrier sentence, the target 

word – whether it has an open σ2 or a closed σ2 – is always followed by [se.ra] 

‘say’. The duration of the σ2 vowel is thus constrained in the sentence frame by three 

factors: (a) even in open final syllables, the vowel cannot be casually prolonged since 

the speaker must move on to complete the utterance; (b) whether open or closed, σ2 

of the target word is not in utterance final position, so its vowel is not subject to the 

lengthening that one might predict on that basis; and (c) after repeating disyllabic 

words within the context of the same carrier sentence over and over again, the 

speaker may have developed a sort of rhythm in producing this fixed number of 

syllables, further reducing variation. 
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When there is a contrast in syllable closure – as in the graph on the left in 

Figure 5.117 above – the handful of [open.closed] nouns all have a longer vowel in 

σ1, as one might predict, and so plot to the left of the dashed line. The majority of the 

[closed.open] nouns fall to the right of the dashed line, with a longer vowel in σ2. 

Nouns with the same type of syllable closure – i.e., the [open.open] and 

[closed.closed] subsets shown in the graph on the right in Figure 5.117 above – 

mostly plot to the left of the dashed line, with a longer vowel in σ1. What dominates 

the pattern here is that σ1 vowels show greater variation than do σ2 vowels. 

Finally, to determine whether there is a correlation between stress and vowel 

duration, this subset of [same.closure] nouns can be further limited to include only 

those words which have the same vowel in both syllables, thus controlling for the 

intrinsic variation of vowel duration which is associated with vowel quality (Lehiste 

1970). Nouns from this control group are plotted in Figure 5.118 below. The one 

[closed.closed] noun in this subset is [gɤn.ɖɤm] rgun.'brum ‘grape’; the set of 

[open.open] nouns includes [ɮa.pa] klad.pa/glad.pa ‘brain’ and [rɤ.lɤ] ril.bu ‘round 

pill’. If there were a correlation between vowel duration and stress, then we would 

expect the nouns in this control group, in particular, to fall to the right of the dashed 

line. However, as shown, nearly all of them fall instead to the left of the dashed line, 

indicating a longer vowel in σ1, contradicting the perceived stress pattern. 
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Figure 5.118  AR_04 / Nouns / Frame / Control group:  Vowel duration contrasts 
(circles indicate compensatory lengthening on σ1) 

 

 

A paired-sample t-test, summarized in Table 5.28 below, confirms that the 

contrast in vowel duration across syllables for this control group is statistically 

significant, with p < 0.05 and the vowel in σ1, on average, 24 msec longer than the 

vowel in σ2. 

Table 5.28  AR_04 / Nouns / Frame / Vowel duration / Control group:  Results of 
paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(msec) 
95 % conf. limits 
lower upper 

AR_04 frame -5.1035 11 0.0003422 -24 -34 -14 

 

In conclusion, then, isolation forms of AR_04 nouns cannot be evaluated for a 

correlation between vowel duration and stress, because incidental factors cannot be 
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controlled for. The control group of frame forms indicates that the vowel in σ1 is 

longer than the vowel in σ2, in opposition to the stress pattern. 

While a native speaker of Rebkong Amdo may not notice that the vowel in σ1 

is sometimes longer than that in σ2, contradicting the stress pattern, this is something 

that a native speaker of English might subconsciously notice – and it might even 

present a source of confusion regarding the locus of stress, since vowel duration plays 

a role in conveying stress in English. 

5.5.1.2 AR_04 Adjectives 

As was the case with nouns, AR_04 adjectives produced in isolation are not 

useful in assessing the potential correlation between vowel duration and stress. As 

illustrated in Figure 5.119 below, the vowels in σ2 are somewhat longer in the 

isolation forms than in the frame forms, but it is not possible to determine whether 

this lengthening is associated with stress, or with σ2’s structure or utterance-final 

position. 
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Figure 5.119  AR_04 / Adjectives:  Gross vowel duration vs. syllable closure 

 

As it happens, the frame forms are not useful in assessing vowel duration 

either. All of the adjectives here are monomorphemic, and so have an open σ2. We 

might expect that adjectives with σ1 closed would have a relatively longer vowel in 

σ2, but this is not the case; as illustrated in the plot on the right above, the three 

[closed.open] adjectives – [zar.mo] gzar.po ‘steep’, [xkam.bo] skam.po ‘dry, dried’, 

and [tsʰan.di] tsha.‘di ‘hot’ – fall instead to the left of the dashed line. This may be 

due to the contrast in vowel height across syllables: lower vowels are intrinsically 

longer (Lehiste 1970). None of the [open.open] adjectives have [a] in σ1: e.g., 

[sʰe.ru] ser.po ‘yellow’ and [sʰo.ma] so.ma ‘new’. 
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The sample of frame forms is simply too small to include a subset which has 

the same vowel in both syllables (and the same syllable closure). Without such a 

control group, it is not possible to assess the potential correlation between vowel 

duration and stress. 

All that can be concluded here is that vowel duration is more constrained in 

the context of the sentence frame than when produced in isolation. 

5.5.1.3 AR_04 Verbs 

In contrast to nouns, adjectives, and numerals, verbs are stressed on σ1. This 

means that the stressed syllable can never be in utterance-final position – even when 

produced in isolation. Thus, in theory, we can consider whether vowels are longer in 

the stressed syllable of isolation forms without worrying about the incidental effects 

of utterance-final lengthening. 

In practice, however, in the case of speaker AR_04, the isolation forms cannot 

be considered anyway: as discussed previously, this speaker was not comfortable 

producing a verb with no context, resulting in odd acoustic contrasts. Thus 

meaningful information can only be garnered from the frame forms. 

If vowel duration were a correlate of stress in Rebkong Amdo verbs, we 

would expect to see longer vowels in σ1, particularly when both syllables have the 

same vowel and the same type of syllable closure. Unfortunately, the small sample of 

verbs recorded did not include any such control cases, and with so few measurements, 

it is impossible to draw any firm conclusions about a possible relationship between 

stress and duration. 
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Vowel duration measurements for the two frame forms recorded from speaker 

AR_04 are plotted in Figure 5.120 below. 

Figure 5.120  AR_04 / Verbs:  Gross vowel duration contrasts 

 

Vowel duration differences and ratios are shown for these verbs in Table 4.32 

above. When both syllables are closed with voiced codas, as in (a), there is almost no 

contrast in duration. For (b) the vowel is much longer in σ1 than in σ2, just as one 

would predict based on the [open.closed] syllable template. 
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Table 5.29  AR_04 /  Verbs / Frame / [closed.open] / Same nucleus:  Vowel duration 
ratios 

Gloss IPA WT 
Dur diff 
(msec) 

V / V: ratio 
(σ2/σ1) 

to rain nʌm.bɨʋ snam.bab -4 0.63 

to give an 
answer ɮẽ.tɕɤʋ lan.brgyab -42 0.93 

 
Without a larger sample – which can be controlled for the effects of incidental 

factors – nothing further can be said about vowel duration in AR_04 verbs. 

5.5.2 Vowel duration for speaker AR_05 

As was the case with speaker AR_04, analysis of vowel duration data for 

speaker AR_05 is only minimally informative. Again, the isolation forms of non-

verbs must be excluded from consideration, since it is not possible to control for the 

potential lengthening effect of σ2’s utterance-final position. And for the frame forms 

of non-verbs, once incidental factors have been controlled for, the subsets which 

remain do not show evidence of a meaningful correlation with stress. 

For the verbs, too, the samples of both isolation and frame forms are too small 

to yield any conclusive findings. 

Vowel duration data for nouns, adjectives, numerals, and verbs produced by 

speaker AR_05 is presented briefly in sections 5.5.2.1 through 5.5.2.4 below. 

5.5.2.1 AR_05 Nouns 

Gross vowel duration measurements for nouns produced by speaker AR_05 

are plotted in Figure 5.121 below. For both isolation and frame forms, the effect of σ2 
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closure is readily apparent: the vowel in σ2 is longer when σ2 is open than when it is 

closed. That is, in both plots, the open circles fall to the right of the filled circles. 

Figure 5.121  AR_05 / Nouns:  Gross vowel duration contrasts (circles indicate 
compensatory lengthening on σ1) 

 

We can also see that the vowel in σ2 is longer when this syllable is in 

utterance-final position than when it is not: the entire cluster of points representing 

the isolation forms is slightly further to the right than the cluster of points 

representing the frame forms. Since it is impossible to separate out this effect of 

utterance-final lengthening, there is nothing to be learned from further consideration 

of the isolation forms. 

In the frame forms, the syllable of interest – σ2 – is never in utterance-final 

position, since it is followed by the remainder of the carrier sentence [ŋa.tʃu kɛ.kɨ X  



502 

 

se.ra] ‘In our language, we X say’. Thus the potential effect of utterance-final 

lengthening is not a concern. 

The potential effects of syllable closure contrast and vowel quality contrast on 

duration can also be eliminated, by considering a subset in which both syllables have 

the same closure, and also have the same vowel. Vowel duration measurements for 

the thirteen nouns in this control group are plotted in Figure 5.122 below. If vowel 

duration served as an acoustic correlate of stress, then we would expect these nouns 

to have a longer vowel in σ2, and plot to the right of the dashed line. Instead, most 

nouns fall to the left of the line, and others plot fairly close to it. 

As one would expect, nouns in which both syllables are closed – e.g., 

[xkʌŋ.lʌm] rkang.lam ‘footpath, trail’; [tɕɤʁ.tʰɤʁ] lcags.thag ‘iron chain’ – have 

shorter vowels in both syllables and plot closer to the graph’s origin, while nouns in 

which both syllables are open – e.g., [do.χo] bdag.po ‘boss, head man’; [ta.ra] rta.ra 

‘stable, horse pen’ – have longer vowels in both syllables and plot further from the 

graph’s origin. 
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Figure 5.122  AR_05 / Nouns / Frame / Control group:  Vowel duration contrasts 

 

A paired-sample t-test for this control group, summarized in Table 5.30 

below, indicates that the difference in vowel duration across syllables is statistically 

significant, with p < 0.05 and a mean difference of -12 msec (i.e., longer in σ1, the 

syllable which is not stressed). This mean difference is barely greater than the just-

noticeable difference, and the upper 95% confidence limit is only 0.77 msec. That is, 

in repeated sampling of nouns produced in the sentence frame, a mean duration 

difference of < 1 msec would be statistically significant; such a contrast would not be 

perceptible, much less perceptually significant. 
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Table 5.30  AR_05 / Nouns / Frame / Vowel duration / Control group:  Results of 
paired-sample t-tests (two-tailed) 

Speaker Setting t DF p-value 
Mean diff 

(msec) 
95 % conf. limits 
lower upper 

AR_05 frame -2.3356 12 0.03768 -12 -22 -0.77 

 

In conclusion, when AR_05 nouns are controlled for the potential effects of 

position in the utterance, syllable closure type, and vowel quality, there is no evidence 

to suggest a meaningful correlation between vowel duration and stress. On the 

contrary, there is a limited and weak tendency for the vowel to be longer in σ1, the 

syllable which is not stressed. 

5.5.2.2 AR_05 Adjectives 

Among the AR_05 adjectives, there are only two words that are controlled for 

both vowel quality and syllable closure: these are the two reduplicated forms [leʋ.leʋ] 

leb.leb ‘flat’ and [tɕʰʊŋ.tɕʰʊŋ ] chung.chung ‘small’. As shown in Figure 5.123 

below, in isolation and in the sentence frame these two adjectives have a longer 

vowel in σ1– the syllable which is not stressed – and so plot to the left of the dashed 

line. 
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Figure 5.123  AR_05 / Adjectives:  Gross vowel duration contrasts 

 

None of the other adjectives are helpful in determining whether or not vowel 

duration is a correlate of σ2 stress. In the isolation forms, lengthening may occur in 

σ2 simply because it is in utterance-final position; this cannot be distinguished from 

any potential lengthening which is related to stress. For both isolation and frame 

forms, vowel duration in σ2 may also be affected by a contrast in syllable closure 

(vowels in open syllables tend to be longer than those in closed syllables) or contrasts 

in vowel quality (lower vowels tend to be longer than higher vowels). 

The only samples controlled for all of these incidental factors are the 

reduplicated forms in the sentence frame. Both of these plot close to but just left of 

the dashed line; the difference in vowel duration across syllables is -9 msec in one 
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case, and -19 msec in the other case. This certainly does not suggest a correlation 

between vowel duration and σ2 stress. 

The only pattern that is clear here is that, for the monomorphemic adjectives – 

like [kɔim.bo] dkon.po ‘rare’ and [xtsʌŋ.ma] gtsang.ma ‘clean’ – there is less 

variation in the duration of vowels in σ2 (which all have similar structure and 

content) than in the duration of vowels σ1. There is no evidence of a correspondence 

between vowel duration and stress. 

5.5.2.3 AR_05 Numerals 

Because the numerals were only recorded in isolation from speaker AR_05, it 

is not possible to determine whether or not there is a correlation between vowel 

duration and σ2 stress. There is no way to control for the potential intrinsic 

lengthening of a vowel in the final syllable of an utterance. Vowel quality contrasts 

and syllable closure contrasts may also have an intrinsic effect. 

Duration measurements for all numerals which could be reliably segmented 

and analyzed are illustrated in Figure 5.124 below. The one token which is controlled 

for both vowel quality and syllable closure – the compound form [tɕɤb.'dɤn] 

bcu.bdun ‘seventeen’ – has a longer vowel in σ2, plotting at coordinates (71, 63), 

between the dashed “0” line and the dotted “+10 msec” reference line. All of the other 

numerals have a contrast across syllables in either vowel quality, or syllable closure, 

or both. Thus even if the numerals had been recorded in the sentence frame, it would 
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still not be possible to control for all potential incidental factors and focus on 

identifying a correlation with stress. 

Figure 5.124  AR_05 / Numerals / Isolation:  Gross vowel duration contrasts 

 

5.5.2.4 AR_05 Verbs 

If vowel duration were a correlate of stress for Rebkong Amdo verbs, then we 

would expect vowels to be longer in σ1 – since this is the locus of stress for verbs – 

than in σ2. 

Tautologically, σ1 can never be the last syllable of a disyllabic word. This 

means that the isolation forms of verbs can provide meaningful data – which was not 

the case with the non-verbs – since here there is no danger that vowel lengthening 
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associated with σ1 stress could be confused with vowel lengthening associated with 

utterance-final position. 

Like the non-verbs, though, the sample of verbs available is unfortunately too 

small to permit a meaningful assessment of a potential correlation between vowel 

duration and stress. 

Vowel duration measurements for AR_05 verbs produced in isolation and in 

the sentence frame are plotted in Figure 5.125 below. For the isolation forms, points 

fall to either side of the dashed line; for the frame forms, most points fall close to or 

left of the line, with the exception of ‘to rain’. (As discussed previously, the frame 

form of [nʌm.baʋ] gnam.babs ‘to rain’ was produced with an anomalous stress 

pattern.) 

Figure 5.125  AR_05 / Verbs:  Gross vowel duration contrasts 
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Vowel duration differences and ratios for the five isolation forms are shown in 

Table 5.31 below. The two weather verbs [kʰʌŋ.bʌp] gangs.babs ‘to snow’ and 

[ʰᵊnʌm.bʌp] gnam.babs ‘to rain’ are controlled in terms of syllable closure and vowel 

quality, and both have a longer vowel in σ2, the unstressed syllable. But this may be 

idiosyncratic, and no other patterns are evident. The sample is really too small to 

yield conclusive findings. 

Table 5.31  AR_05 / Verbs / Isolation:  Vowel duration differences and ratios 

Gloss IPA WT Dur diff (msec) V / V: ratio (σ2/σ1) 

to give an answer lɛn.tɤv lan.brgyab -51 0.59 

to shoot an arrow nda.hɛn mda‘.’phen -64 0.61 

to shoot a gun ʋu.dʓəp wu.brgyab -2 0.97 

to rain ʰᵊnʌm.bʌp gnam.babs 67 1.78 

to snow kʰʌŋ.bʌp gangs.babs 46 1.98 

Mean   -0.80 1.18 

 
 

Duration contrasts for the frame forms seem to be just as arbitrary, given the 

measurements summarized in Table 5.32 below. The sample is simply too small to 

identify a subset of verbs controlled for syllable closure and vowel quality. It would 

be helpful to consider a larger sample in future.  
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Table 5.32  AR_05 / Verbs / Frame:  Vowel duration differences and ratios 

Gloss IPA WT Dur diff (msec) V / V: ratio (σ2/σ1) 

to answer lɛn.tɤv lan.brgyab -86 0.26 

to shoot a gun ʋu.dʓɪp wu.brgyab -5 0.86 

to shoot an arrow nda.hɛ ̃ mda‘.’phen -5 0.96 

to snow kxʌŋ.bɤʋ gangs.babs 12 1.26 

Mean   -21 0.84 

Note: ‘to rain’ has been excluded 

 

In conclusion, too few verbs were recorded from speaker AR_05 to begin to 

determine whether or not there is a correlation between vowel duration and stress. 

5.6 Recapitulation 

Table 5.33 below summarizes the contributions made by pitch, pitch slope, 

intensity, and vowel duration to the stress patterns perceived in Balti. 

For non-verbs, σ2 stress is conveyed by the two reflexes of fundamental 

frequency: pitch and pitch slope. Intensity and vowel duration do not correlate with 

stress, and, in fact, are sometimes more prominent on σ1, contrary to the stress 

pattern. 

For verbs, σ1 stress is conveyed by both pitch and intensity. 



511 

 

Table 5.33  Acoustic correlates of stress in Rebkong Amdo 

 
Speaker Setting Pitch Pitch slope Intensity 

Vowel 
duration 

Nouns 

(σ2 ) 

AR_04 
isol robust robust limited, weak NA 

frame robust robust limited, weak no – I  

AR_05 
isol no robust limited, weak NA 

frame yes weak limited no – I 

Adjs 

(σ2) 

AR_04 
isol robust robust no – I  NA 

frame robust no no – I IS 

AR_05 
isol no robust no – SS NA 

frame robust no yes – SS no – SS 

Nums 
(σ2) 

AR_05 isol limited no yes NA 

Verbs 

(σ1) 

AR_04 
isol NA NA NA NA 

frame possible – SS NA possible – SS IS 

AR_05 
isol robust NA robust no – SS 

frame yes NA yes no – SS 

NA This parameter could not be analyzed. 

I In fact, the Inverse relationship is observed: intensity is higher on σ1, the syllable 
which is not stressed. 

IS Insufficient Sample. Too small to analyze conclusively. 

SS  Small Sample. The conclusion presented in the table should be considered tentative, 
as it was based on a very limited data set. 

possible – The sample size is small, but provides no evidence which would contradict a 
potential correlation with stress. 
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6. Summary, implications, and future research 

I begin this chapter, in section 6.1, with a summary of the analyses of stress 

patterns and stress correlates presented in Chapters 4 and 5. Based on these results, in 

section 6.2 I then offer a reconstruction of stress in Proto-Tibetan. Section 6.3 

provides background information on the tone patterns observed in the Innovative 

dialects of Tibetan, and a review of previous research on Tibetan tonogenesis. This 

material lays the groundwork for the hypothesis I present in section 6.4 regarding the 

role of stress in Tibetan tonogenesis. 

In section 6.5 I consider the implications of this analysis in terms of the 

direction of tone split in Tibetan. Finally, in section 6.6 I briefly mention several 

topics that will be interesting to investigate in the future. 

6.1 Stress in Balti and Rebkong Amdo Tibetan 

The core contributions of this study are descriptive and analytical: I identify 

the stress patterns and the acoustic correlates of stress in Balti Tibetan and Rebkong 

Amdo Tibetan, as summarized in sections 6.1.1 and 6.1.2 below.  

6.1.1 Stress patterns 

Disyllabic words in Balti and Rebkong Amdo exhibit the same stress patterns, 

distinguishing non-verbs from verbs. Non-verbs – nouns, adjectives, and numerals – 

are stressed on σ2. Verbs are stressed on σ1. 
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As noted in section 3.1.1, it is fairly unusual for a language to exhibit distinct 

stress patterns in different lexical categories. For Zhongu Tibetan, (Sun 2003) reports 

the same stress patterns and stress contrasts as are described here, and English has 

noun-verb minimal pairs like 'rebel - re'bel, 'contrast - con'trast, and 'insight - in'cite. 

This also occurs in Dumi Rai, a Kiranti language spoken in Nepal; as described by 

van Driem (1993: 58): “verbs and deverbatives are always stressed on the root. Nouns 

and other parts of speech are stressed on the first syllable.” Other languages 

exhibiting this phenomenon could probable be identified. 

6.1.2 Stress correlates 

In Chapters 5 and 6 I presented my analyses of the acoustic correlates of stress 

in Balti and Rebkong Amdo. My focus was on identifying meaningful acoustic 

correlates – i.e., contrasts across syllables which are statistically, perceptually, and 

contextually significant, as described in Chapter 2. Results are summarized in 

sections 6.1.2.1 and 6.1.2.2 below, for non-verbs and verbs respectively. 

6.1.2.1 Stress correlates in non-verbs  (σ2 stress) 

For nouns and adjectives, the fundamental frequency-related parameters pitch 

and pitch slope are the most consistent and robust cues for σ2 stress. Intensity plays a 

more limited role. For numerals, the Balti speaker uses only pitch to convey stress, 

and the Rebkong Amdo speaker uses only intensity to convey stress. 

Table 5.33 below provides a more detailed summary of the behavior of 

acoustic parameters in nouns. For Balti, pitch is the only robust and consistent 
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acoustic correlate of σ2 stress. Intensity is a weak correlate of stress only in a limited 

subset of the nouns produced by speaker BM_01. For Rebkong Amdo, both pitch and 

pitch slope serve to convey stress in nouns – sometimes reinforcing one another, and 

sometimes complementing one another, as discussed in section 4.3.3. Intensity shows 

only a limited – and usually weak – correlation with stress. 

Table 6.1  Meaningful acoustic correlates of stress for nouns 

Dialect Speaker Setting n Pitch 
Pitch 
slope 

Intensity 
Vowel 

duration 

Balti 
BSh_03 

isol 77 robust no no NA 
frame 64 robust no no no – SS 

BM_01 isol 72 yes no limited, weak NA 

Amdo 
AR_04 

isol 93 robust robust limited, weak NA 
frame 74 robust robust limited, weak no – I  

AR_05 
isol 96 no robust limited, weak NA 
frame 87 yes weak limited no – I 

Shared correlates F0 – yes limited no 

NA This parameter could not be analyzed. 
I In fact, the Inverse correlation is observed. 
SS  Small Sample. The conclusion presented in the table should be considered tentative, 

as it was based on a very limited data set. 

 
In the bottom row of the table above, I identify fundamental frequency as the 

only acoustic correlate of stress which is common to both dialects. As discussed in 

section 2.2.2, for purposes of this study, I identify “pitch” (average F0 across the 

medial 50% of a vowel) and “pitch slope” (the change in F0 over the span of the 

vowel) as acoustic correlates of stress. These are both measurements of F0, and can 

be thought of as distinct reflexes of F0. That is there are two ways in which speakers 

manipulate fundamental frequency in order to convey stress. Balti speakers only 



515 

 

express F0 as “pitch”. Rebkong Amdo speakers sometimes manipulate F0 to create 

contrasts in “pitch”, and sometimes manipulate F0 to create contrasts in “pitch slope”.  

Table 6.2 below provides a more detailed account of the behavior of acoustic 

parameters in adjectives. For Balti, pitch is the only cue for σ2 stress. For Rebkong 

Amdo, both pitch and pitch slope serve to convey stress – sometimes reinforcing one 

another, and sometimes complementing one another, as was the case for nouns. For 

speaker AR_04, intensity shows an inverse correlation with stress: intensity is higher 

on σ1, the syllable which is not stressed. Again, the fundamental frequency-related 

parameters are the only shared correlates. 

Table 6.2  Meaningful acoustic correlates of stress for adjectives 

Dialect 
Speaker Setting n Pitch 

Pitch 
slope 

Intensity 
Vowel 

duration 

Balti 
BSh_03 

isol 8 robust no no – SS NA 

frame 7 robust no no – SS no – SS 

BM_01 isol 26 yes no no NA 

Amdo 

AR_04 
isol 12 robust robust no – I  NA 

frame 10 robust no no – I IS 

AR_05 
isol 12 no robust no – SS NA 

frame 12 robust no yes – SS no – SS 

Shared correlates F0 – yes no no 

NA This parameter could not be analyzed. 
I In fact, the Inverse correlation is observed. 
IS  Insufficient Sample. Too small to analyze conclusively. 
SS  Small Sample. The conclusion presented in the table should be considered tentative, 

as it was based on a very limited data set. 
 

The numerals recorded for this study exhibit a high degree of acoustic 

uniformity. Unlike the nouns and adjectives, they constitute a unique and restricted 
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semantic set. Furthermore, they were recorded in sequence within a very short span of 

time. (Also, they were recorded only in isolation, which means that vowel duration 

could not be assessed.) As shown in Table 6.3 below, speaker BSh_03 used only 

pitch to convey σ2 stress, while speaker AR_05 used only intensity. There are no 

stress correlates common to the two dialects. 

Table 6.3  Meaningful acoustic correlates of stress for numerals 

Dialect Speaker Setting n Pitch 
Pitch 
slope 

Intensity 
Vowel 

duration 

Balti BSh_03 isol 9 robust no no NA 

Amdo AR_05 isol 11 limited no yes NA 

Shared correlates ? ? ? 

NA This parameter could not be analyzed. 

 

6.1.2.2 Stress correlates in verbs  (σ1 stress) 

For verbs, both pitch and intensity are consistent acoustic correlates of σ1 

stress for both speakers in both dialects, as summarized in Table 6.4 below. Pitch 

slope is never a meaningful acoustic correlate of stress. (It lacks perceptual 

significance in verbs, as discussed in sections 4.3 and 5.3.) Vowel duration seems to 

contribute to the perception of σ1 stress in Balti verbs, but in Rebkong Amdo the 

sample was too small to permit a conclusive analysis. 
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Table 6.4  Meaningful acoustic correlates of stress for verbs 

Dialect Speaker Setting n Pitch 
Pitch 
slope 

Intensity 
Vowel 

duration 

Balti 

BSh_03 
isol 35 robust no robust limited 

frame 31 robust no robust limited 

BM_01 
citation 8 robust no robust yes – SS 

N+Vblzr 6 robust no limited yes – SS 

Amdo 

AR_04 
isol 3 NA NA NA NA 

frame 2 possible – SS NA possible – SS IS 

AR_05 
isol 5 robust NA robust no – SS 

frame 5 yes NA yes no – SS 

Shared correlates yes no yes ? 

NA This parameter could not be analyzed. 
IS  Insufficient Sample. Too small to analyze conclusively. 
SS  Small Sample. The conclusion presented in the table should be considered tentative, 

as it was based on a very limited data set. 
 

6.2 Reconstructing stress in Proto-Tibetan 

As discussed in section 1.2, the distribution of the conservative Archaic 

dialects – like Balti and Rebkong Amdo – at the western and eastern edges of the 

Tibetan language area is consistent with the history of the Tibetan empire. At its peak 

in the 8th century, garrisons and settlements were established in these areas. When the 

empire collapsed late in the 9th century, these Tibetan-speaking communities were left 

stranded at the periphery, isolated politically and geographically from each other and 

from the central plateau. 

Previous research (discussed in section 1.4) has shown that, by comparing the 

various Tibetan dialects to each other and to Written Tibetan, Proto-Tibetan can be 
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reconstructed as lacking contrastive tone but rich in complex consonant clusters. 

These characteristics are preserved in the Archaic dialects. 

I take a similar approach in reconstructing stress patterns and stress correlates 

for Proto-Tibetan. 

6.2.1 Stress patterns 

Since nouns, adjectives, and numerals in both Balti and Rebkong Amdo are 

stressed on σ2, I reconstruct a pattern of σ2 stress for Proto-Tibetan nouns, adjectives, 

and numerals. Likewise, since verbs in both Balti and Rebkong Amdo are stressed on 

σ1, I reconstruct a pattern of σ1 stress for Proto-Tibetan verbs. 

6.2.2 Stress correlates 

The acoustic correlates of stress in Proto-Tibetan can likewise be 

reconstructed by comparing the acoustic correlates of stress in Balti and Rebkong 

Amdo. This is the methodology that I refer to as “historical comparative acoustics”. 

The bottom rows of Table 5.33 through Table 6.4 showed the acoustic 

correlates of stress which are common to both speakers of both dialects. Ruling out 

borrowing and coincidence as sources of these shared features – as discussed 

previously in section 1.4 – we can conclude that they were inherited from a common 

parent. That is, we can reconstruct these features for Proto-Tibetan. 

I thus reconstruct fundamental frequency as a robust and consistent acoustic 

correlate of σ2 stress in Proto-Tibetan nouns and adjectives. (See Table 5.33 and 

Table 6.2.) And I reconstruct both pitch and intensity as acoustic correlates of σ1 
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stress in Proto-Tibetan verbs. Vowel duration may also play a role here. (See Table 

6.4.) 

The stress correlates for Proto-Tibetan numerals cannot be reconstructed, 

since the Balti and Rebkong Amdo speakers did not utilize acoustic resources in the 

same way for this lexical category. (See Table 6.3.) 

6.3 Background on Tibetan tone and tonogenesis 

As mentioned briefly in section 1.4, previous researchers have not only 

reconstructed sounds and words for Proto-Tibetan, but have also developed several 

hypotheses to explain how tone arose as a contrastive feature in the modern spoken 

Innovative dialects. 

The term “tonogenesis” was coined by Matisoff (1970) to refer to both the 

development of tonal contrasts in a previously non-tonal language, and to the increase 

in the number of tonal contrasts in an already-tonal language. In the case of Tibetan, 

since Proto-Tibetan has been reconstructed as non-tonal and since the modern spoken 

Innovative dialects are tonal, it is apparent that tonogenesis has occurred. 

One of the main theoretical contributions of this dissertation is my 

consideration of the role that stress has played in this process, a factor which has been 

almost entirely overlooked in the past. 

In section 6.3.1 below I describe the tone patterns which are commonly 

observed in the tonal Innovative dialects, and which must be accounted for by a 

theory of Tibetan tonogenesis. In section 6.3.2 I provide an overview of previous 
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hypotheses of Tibetan tonogenesis, and in section 6.4 I present my own view, which 

incorporates the role played by stress. 

6.3.1 Tone patterns in the Innovative dialects of Tibetan 

As discussed in section 1.2, the Innovative dialects are, by definition, those 

which make contrastive use of tone, and which have simplex syllable onsets and 

reduced (or no) syllable codas. They are spoken across the vast expanse of the 

Tibetan plateau, physically separating Archaic dialects of the western and eastern 

peripheries, such as Balti and Rebkong Amdo. 

In sections 6.3.1.1 and 6.3.1.2 below I provide an overview of the tone 

patterns observed in monosyllabic and disyllabic words, respectively. I begin each 

section with specific examples from Tokpe Gola Tibetan, an Innovative dialect 

spoken in the Taplejung district of northeastern Nepal on which I have conducted 

considerable field research. The tone patterns observed in Tokpe Gola are typical of 

those reported for other Tibetan dialects, as I demonstrate with a brief summary of 

previous literature.  

6.3.1.1 Monosyllabic words 

In Tokpe Gola, monosyllabic words fall into one of two phonological tone 

categories: high (H) or low (L). High-toned words are historically associated with 

voiceless unaspirated or voiceless aspirated onset consonants, and modal phonation; 

in certain phonological environments – i.e., with certain WT onsets and codas – they 

exhibit a sharp falling tone and a laryngealized onset. Low-toned words are 
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associated with voiced unaspirated or voiceless aspirated onset consonants47, and 

often occur with breathy phonation; in certain environments they exhibit a gentle 

rising tone, and some voiced stop onsets are prenasalized. In the examples in Table 

6.5 below, “ ” indicates breathy phonation and low tone, while the diacritics on the 

words for ‘tiger’ and ‘copper’ indicate high [checked] falling and low rising tones, 

respectively.  

Table 6.5  Tokpe Gola Tibetan:  Tone patterns in monosyllabic non-verbs 

Tone IPA WT Gloss 

H tone: pū spu hair, fur 

 pʰū phu upper part of a valley 

L tone: bṳ sbug inside 

    ͫbu ̱ ’bu insect 

H tone: ta ̄k̀ stag tiger 

 ʈʰāk khrag blood 

L tone: ʈʰaḵ brag boulder 

 dak̤ bdag 1 SG.HUM † 

H tone: lō glo cough 

L tone: lo ̱ lo year 

H tone: sāŋ sang tomorrow 

L tone: sa ̱ŋ́ zangs copper 

   †    1st person singular humilific 

As discussed in section 1.3, there is a direct correlation between these tone 

patterns and the Written Tibetan spelling. For instance, the onset consonant of [bṳ] 

                                                            
47 Tibetan dialects differ in terms of where tone splits occur. In Tokpe Gola, voiceless aspirated 

onsets can occur with either low or high tone – e.g., [p�u�] phu ‘upper part of a valley’ vs. 
[��a�k] brag ‘boulder’ in Table 6.5 above. In Kyirong (Huber 2005), voiceless plain onsets 
can occur with either low or high tone. Such dialectal differences can be correlated systematically 
with WT spelling. 
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sbug ‘inside’ is predictably voiced because the root letter b has an s superscript. 

Likewise, [  ͫbu ̱] ‘bu ‘insect’ is predictably prenasalized because the root letter b is 

preceded by the prefix a.chung (represented by an apostrophe in the Wylie 

transliteration). The high tone of [lō] glo ‘cough’ corresponds to the fact that l here is 

a subscript to the root letter g, rather than a root letter itself, as it is in [lo]̱ lo ‘year’. 

The high, checked falling tone of [ta ̄k̀] stag ‘tiger’ corresponds to the combination of 

the s superscript and the g suffix. 

These Tokpe Gola tone patterns are quite typical. All of the Innovative 

dialects display a distinction between high and low register tones48; some distinguish 

a mid tone, too. Many exhibit high, checked falling tones and low rising tones under 

the same predictable circumstances, and some are reported to contrast level and 

moving contours. In some cases, authors offer different opinions regarding the 

significance of contour tones of a single dialect; this may be the result of working 

with different speakers or different sociolinguistic registers, or of simply coming to 

different conclusions about tonemic contrasts. Local variations on the pattern are 

usually systematic and can be correlated to Written Tibetan forms. 

There is a significant body of literature reporting these general characteristics 

of tone on monosyllabic words in Lhasa Tibetan, including, among many others: 

Chang and Shefts (1964), Dawson (1980), Denwood (1999), Goldstein and Nornang 

                                                            
48 Because tone in Tokpe Gola – and other Innovative dialects – can be regarded as a bundle of 

features associated with the entire syllable, a contrast in tone is generally accompanied by a 
contrast in onset phonation, or vowel phonation, or both. Such feature-bundling in Tibetan is 
sometimes referred to as tone register – e.g., Hari (1980). 
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(1984), Haller (1999), Hari (1980), Hu (1982), Kjellin (1975, 1976), Mazaudon 

(1977), Meredith (1990), Sprigg (1955), and Yang (1974). 

Bielmeier (1988a) discusses similar tone patterns in the Drokpa, Lhasa, 

Kyirong, Dzar, and Kagate dialects. 

Huang (1995) comments on the tone patterns of Lhasa, Shigatse, Sherpa, 

Dege, Zhongdian, Muyu, Zhouqu, and Ruoergai. (Note that some of the Chinese 

dialect names she gives may have alternate Tibetan forms.) 

Sun (2001) describes tone register and contour in the Lhasa, Zaduo, Dege, 

Baima, Zhangla, Qiuji, Zhuoni, Rikeze [Shigatse], Zhibo, and Langkazi dialects of 

Tibetan. (Again, Chinese names may have alternate Tibetan forms.) 

Other dialects in which tone register and tone contour are relevant include 

Kyirong (Bielmeier 1982; Huber 2005) and Shigatse (Haller 2000). 

6.3.1.2 Disyllabic words 

Disyllabic nouns and adjectives in Tokpe Gola also fall into two tone 

categories: low-high (LH) and high-high (HH), as evidenced by perceptual and 

acoustic data described in Caplow (2004). Minimal pairs contrasting only in terms of 

tone are exceedingly rare; in fact, I do not believe I have any examples at all in my 

data. 

Table 6.6 below includes examples of monomorphemic, compound, and 

reduplicated forms. Crucially, while the first syllable may be either low or high, the 

second syllable is always high. It is exactly this prohibition against *LL and *HL tone 
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patterns that I account for, in section 6.4 below, in terms of the stress patterns and 

stress correlates reconstructed for Proto-Tibetan. 

Example (a) in Table 6.6 shows that, when two disyllabic words are simplified 

and combined to form a disyllabic compound (a very common phenomenon in 

Tibetan), σ2 will always have a high tone, regardless of the tone in the component 

parts. When two low-toned monosyllabic words are joined to form a compound, the 

second element will take on a high tone, as shown in example (b). Example (c) shows 

that the restriction to LH and HH tone patterns pertains to reduplicated forms as well, 

even when σ1 has a low tone. 

Table 6.6  Tokpe Gola Tibetan:  Tone patterns in disyllabic non-verbs 

 Tone IPA WT Gloss 

a. 

HH ka ŋ.pa   rkang.pa leg, foot 

LH lak.pa   lag.pa arm, hand 

HH ka ŋ.la k  rkang.lag limbs (arms & legs) 

b. 

L me  me fire 

L ta  mda’ arrow 

LH mn.da  me.mda’ gun, rifle 

c. 

HH uk.uk lhug.lhug loose, floppy 

LH lp.lp  leb.leb flat 

LH ø.ø  gzhon.gzhon young; youth 

 

Another important feature of Tokpe Gola disyllabics is that tone in σ1 is 

always level – if low, it is never rising; if high, it is never falling – even though rising 

and falling contours are seen in monosyllabic words. The H tone in σ2 of disyllabics 
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may be level, or may have a falling tone in certain phonological environments – i.e., 

with certain codas. 

The words in (b) above illustrate another phenomenon typical of the 

Innovative dialects: consonant clusters that are reduced in word-initial and word-final 

positions are preserved at the syllable juncture. That is, in Tokpe Gola [ta] mda’ 

‘arrow’, the nasal prefix of the WT form is elided (though it is preserved in Balti and 

Rebkong Amdo, in both of which the word ‘arrow’ is pronounced [nda]). But in the 

Tokpe Gola compound [mn.da] me.mda’ ‘gun, rifle’, the nasal prefix is present, now 

re-syllabified as the coda of the preceding syllable. This retention of word-medial 

consonant clusters is relevant to consideration of the development of tone in Tibetan, 

to be discussed in sections 6.3.2 and 6.4.  

Disyllabic verb complexes in Tokpe Gola may show different tone patterns 

than nouns and adjectives, and may even contrast in terms of tone, as illustrated in 

Table 6.7 below. 

Table 6.7  Tokpe Gola Tibetan:  Tone patterns in disyllabic verbs 

Tone IPA WT Composition Gloss 

LH nyi ̱ː .lōq nyi.log 
nyi.ma LH ‘day’ + 
log L ‘to return’ 

to go and return in 
one day 

HH nyī.lo ̱q gnyid.log 
gnyid H ‘to sleep’ + 
log L ‘to return’ 

go to sleep! 

 

In describing tone patterns in disyllabic words in other Innovative dialects, 

previous researchers have generally not attended to the potential for a distinction 
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between non-verbs and verbs. This can yield inaccurate or ambiguous descriptions 

and analyses: if sufficient information is not provided, a reader may not able to 

determine, for instance, whether HL tone is actually observed in nouns – which 

would be noteworthy – or if it only occurs in verbs. In one or two publications, a 

reported phonemic tone contrast is illustrated by minimal pairs or triplets which 

compare a noun, a verb, and/or a noun stem + enclitic. I do not believe such examples 

constitute satisfactory evidence for Tibetan. For the most part, however, the 

descriptions offered for other Innovative dialects are explicitly based on non-verbs 

only, since these can be elicited very easily and very naturally. In these cases, the tone 

patterns reported are usually the same as those I observed in Tokpe Gola – i.e., 

disyllabic nouns and adjectives can only be HH or LH; the tone in σ1 must be level, 

while in σ2 it may be level or falling. Thus when I account for elements of Tokpe 

Gola tone in terms of historical stress patterns (in section 6.4), my conclusions are of 

broad relevance across the Tibetan dialects. 

There is a significant body of literature reporting the same (or similar) tone 

restrictions in Lhasa Tibetan as in Tokpe Gola: in disyllabic words, tone is contrastive 

(L vs. H) only in σ1; tone in σ2 is always H, with some authors distinguishing 

between level and falling contours. Among the authors who describe such patterns for 

the Lhasa dialect are Chang and Shefts (1964, 1968: 3), Dawson (1980), Denwood 

(1999: 77), Edmondson et al (n.d.), Hu (1982), Mazaudon (1977: 82), Saxena (1991), 

Sprigg (1955), and Sun (1997). The pitch patterns described by Kjellin (1975, 1976) 
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are also consistent with this tone pattern.49 Goldstein and Nornang’s (1984: xv) 

description of tone is slightly different: They mark tone (either L or H) only on σ1 of 

disyllabic words, and consider σ2 to have a mid tone, which is higher than a σ1 low 

tone, and lower than a σ1 high tone. 

In Tsang, as well, σ1 may have a H or L tone, but σ2 can only have a H tone 

(Ossorio, 1982). In Refugee Standard Tibetan, disyllabic nouns have only LH or HH 

tone patterns (Meredith 1990). The tone on σ1 is always level, while the high tone on 

σ2 may be either level or falling. Haller (1999, 2000) reports the same patterns for 

Shigatse, another Central dialect. In Kyirong (Huber 2005), σ1 of disyllabic words 

may have low, mid, or high registers, but σ2 is again always high. Dolpo (Watters 

2002) also allows only a high tone in σ2. In southern Mustang (Bielmeier 1988c), a 

phonemic H vs. L tone contrast only occurs in σ1. 

To the east, in Sichuan province, Lin (2002) reports that Thewo Tibetan also 

has contrastive H and L register tones in σ1 of disyllabic nouns, while tone is always 

high in σ2. For Bathang, a Khams dialect, Haller (1999) does not include an explicit 

phonological description, but the disyllabic examples provided all have only LH and 

HH tone patterns. 

Thus for many of the dialects that have been described – and there are other 

cases that I have not mentioned here – the dominant pattern observed in disyllabic 

non-verbs is that tone is contrastive in σ1 (low vs. high register), but is always high in 

                                                            
49 Though in his view, Lhasa Tibetan is not a tone language; he considers the pitch patterns to be 

entirely derivable from segmental characteristics. 
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σ2. This dominant pattern is what I account for in terms of Proto-Tibetan stress in 

section 6.4. 

There are some exceptions – and it is possible that more will be reported in 

future. Local varieties of Sherpa can have a low tone on σ2 (Graves 2007; Kelly 

2005; Sun 2003; Watters 2002). In fact, Watters (2002) notes that a high tone in σ2 is 

actually rare in Sherpa. And in Bartee’s (2007) grammar of the Dongwang variety of 

Khams, the glossary includes convincing examples of nouns and adjectives with HL 

register tone patterns, along with forms that can be analyzed as LH and HH. 

Accounting for these rare patterns is beyond the scope of the present study. 

6.3.2 Previous research on Tibetan tonogenesis 

An adequate theory of Tibetan tonogenesis must account for the tone patterns 

described above. A number of hypotheses have been put forward by previous 

researchers, all focusing primarily on the relationship between consonants and tone. 

What is new in this dissertation is that I consider not only historical segmental 

features, but also historical suprasegmental features. 

As noted previously, Proto-Tibetan (like the Archaic dialects and like Written 

Tibetan) has been reconstructed as rich in syllable-initial onset clusters and in 

syllable-final codas and coda clusters. Historically, these corresponded to prefixes, 

suffixes, and post-suffixes which may have had morphological significance as 

causative markers, tense/aspect markers, and classifiers, among other functions (e.g., 

Beyer 1992). 
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Both Matisoff (1973) and Mazaudon (1977) refer to the effects which onset 

and coda consonants – such as Proto-Tibetan root letters and affixes – may have on 

nuclear vowels. That is, voiced onsets correspond to lower pitch register; voiceless 

onsets correspond to higher pitch register; and laryngeal final consonants correspond 

to a falling contour in the preceding vowel. These patterns are largely attributable to 

universal laryngeal and physiological factors, as discussed in Hombert, Ohala, and 

Ewan (1979), and so are wide-spread cross-linguistically, manifested as both 

contrastive and non-contrastive pitch differences. In Tibetan, over time, these non-

contrastive tones took on a phonemic function, yielding a tonal split. 

6.3.2.1 Matisoff (1973) 

Matisoff (1973) suggests that languages which are basically monosyllabic are 

most prone to the development of tone. Their cohesive structure favors the constant 

influence of various parts of the syllable upon one another, and the shift of contrastive 

function from one feature to another (a phenomenon which Mazaudon 1977 refers to 

as “transphonologization”). 

For the development of tone in Tibetan, Matisoff proposes a recurring cycle of 

word structure, tone birth, and tone decay. Looking in on the cycle at an arbitrary 

starting point, we observe monosyllabic words with prefixes and suffixes, in which 

consonants have an effect on pitch, but pitch patterns are redundant rather than 

contrastive.50 In the next stage, initial and final consonants break down, affixes are 

dropped or absorbed into the root morpheme, and “homophony rears its ugly head” 

                                                            
50 Some authors – including Huang (1995) – refer to this as “natural tone”. 
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(1973:83). At this point, tone becomes distinctive. Matisoff suggests that compounds 

are formed here to help disambiguate between potentially homophonous forms. Next, 

syllables in compounds are reduced: vowels lose their stress, reduce to schwa, lose 

their tone, and start to become absorbed into neighboring syllables. As syllables 

become fused, new consonant clusters develop, and the functional load of vowel 

quality differences wanes. Words tend once again towards monosyllabism, and new 

affixes arise, co-existing with some of the older ones. The cycle then repeats. 

Other scholars generally agree with Matisoff’s hypothesis. Among the many 

papers which contribute to the discussion of the development of tone in Tibetan are 

Sprigg (1972), Yang (1974), Kjellin (1975), Nishida (1975), Takata (1981), 

Mazaudon and Michailovsky (1988), DeLancey (1989), Saxena (1991), and Haller 

(1999).  

Huang (1995) and Sun (2001) discuss the diversification of tone patterns in 

the Tibetan dialects, and the varying degrees to which tone has developed as a 

contrastive feature. Mazaudon (1977) elaborates on certain details and shows how 

similar patterns can be observed in other Tibeto-Burman languages. 

6.3.2.2 Mazaudon (1977) 

This latter paper includes a discussion of tone in Lhasa Tibetan. Mazaudon is 

in accord with previous researchers in her view that tone in monosyllabic words can 

be explained in terms of the influence of syllable onsets on tone height (or register) 

and the influence of syllable codas on tone contour. 
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However, she argues against Matisoff’s view of the temporal relationship 

between the formation of compounds and the development of tone. As noted above, 

Matisoff suggests that the process of compound formation was initiated just as tone 

began to serve a contrastive function. Mazaudon, on the other hand, suggests that tone 

can arise on polysyllabic words as well as monosyllabic words, and that compounds 

must have existed before the phonemicization of tone. (Though Mazaudon does not 

point it out, the evidence in support of her view is abundant and clear: the many 

compound words which occur in the lexicons of both non-tonal Archaic dialects and 

tonal Innovative dialects offer proof that compound formation pre-dates tone in 

Tibetan.) 

This leads Mazaudon to address the development of tone on polysyllabic 

words, a subject which is neglected by most other authors. What requires explanation, 

for disyllabic words, is why the first syllable can manifest only high level or low level 

tones, and the second syllable can manifest only high level or high falling tones. Her 

solution is to suggest that the limited possible tone patterns observed in disyllabics 

can be explained by the hypothesis that the domain of tone is the word, in the sense 

that “... the main tonal contrast is the high/low correlation which starts at the very 

beginning of the first syllable and then develops its melody up to the end of the word” 

(1977: 83). However, Mazaudon does not elaborate fully on what she means by tone 

“develop[ing] its melody up to the end of the word”. My impression is that she means 

that σ1 of a disyllabic word can only have a low or high register (the registers 

observed in monosyllabic words, corresponding diachronically with onset 
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consonants), and σ2 can only have a level or falling contour (the contours observed in 

monosyllabic words, corresponding diachronically with coda consonants). It seems, 

though, that the high register observed in σ2 is left unexplained. 

Mazaudon does not seem to mean that all of the possible combinations of 

register and contour observed in monosyllabic words can be observed in disyllabic 

words – at least, not in the ways we might anticipate if we are familiar with word-

tone and tone spreading typical of African languages. For instance, her schemas for 

Lhasa Tibetan (p. 82) include a monosyllabic word with a high falling tone. One 

might expect such a “melody” to be manifested on a disyllabic word as a σ1.σ2 / H.L 

tone pattern. But of course, such a pattern is generally not found in the Innovative 

dialects, as discussed in section 6.3.1.2. Instead, her corresponding disyllabic schema 

has a high level tone on σ1, and a high falling tone on σ2. The register of σ1 and the 

contour of σ2 are accounted for, but the high register of σ2 is not addressed. 

Mazaudon herself seems resigned to this, observing that, compared to monosyllabic 

words, “the tonal system on polysyllabic items is more straightforward, and at the 

same time more difficult to account for diachronically” (1977: 81). 

I agree with Mazaudon that “[i]t is impossible to explain the modern system if 

one supposes that tone developed on a still monosyllabic language, or on each 

syllable of a polysyllabic language. The idea that Tibetan used to have, and still 

underlyingly has, a tone per syllable, leads to embarrassing situations...” (ibid, p. 89). 

However, I do not agree that the facts can be best accounted for by a word-level tonal 
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melody that spreads from the beginning of a word to its end. Instead, as I go on to 

discuss in section 6.4, I suggest that tone is templatic. 

6.3.2.3 Sun (1997, 2001) 

Sun (1997) also rejects the notion of tone spreading as an account for the tone 

patterns observed in Tibetan disyllabics. He notes (on p. 489) that “[o]ne of the most 

important generalizations on Tibetan tone… is that the primary register contrast is 

realized only on the initial syllable of the phonological word; all other syllables are 

predictably high-registered.” He concludes (p. 513) that “[t]his type of tone system is 

so restricted that tone in polysyllabic Tibetan words may be viewed as adhering by 

and large to a simple tone template.” Secondary contour distinctions (such as those 

described in the sections above) are then superimposed on this template (1997: 515). 

According to Sun, the tone contrasts and patterns observed in a dialect like 

Lhasa Tibetan evolved from an original state in which “all syllables were normally 

produced in the high register” (1997: 508). Later, he claims that “Old Tibetan did not 

seem to have tone, even at the phonetic level … In this assumed purely atonal stage 

… syllables that are not inflectional suffixes are generally high-registered” (Sun 

2001:2). 

From here, Sun suggests that “[t]he first significant change altering this 

incipient state was the emergence of the non-contrastive low register in Amdo 
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Tibetan conditioned either by voiced initials or by syllable quantity, depending on the 

dialect” (1997: 508; bold in the original) 51. 

 

Sun invokes autosegmental phonology to account for the fact that tone is 

always H on σ2 of a disyllabic non-verb.52 That is: “The high tone in Tibetan non-

initial syllables, in other words, results … from phonological neutralization reducing 

the original tonal contrast to a non-distinctive high register. In our analysis, this 

generalization is conveyed by a tone-deletion rule which cancels (neutralizes) the 

original lexical tones on non-initial tone-bearing syllables, and a default-tone rule 

which fills the empty tone slots with the default value H” (Sun 1997: 503; bold in the 

original). 

So, illustrating with examples from Lhasa Tibetan, Sun says that, in σ1, H and 

L tones reflect a fundamental register distinction. He attributes the predictable H tone 

on σ2 to tone neutralization under an autosegmental analysis, and suggests that high 

tone is the unmarked default tone in Tibetan. An apt example from Tokpe Gola 

Tibetan was included in Table 6.6 above: the compound noun [mn.da] me.mda’ 

‘gun, rifle’ is composed of the monosyllabic words [me] me ‘fire’ and [ta] mda’ 

‘arrow’, both of which have a low tone. Sun would suggest here that when the two 

                                                            
51 Sun (2001: 3-9) suggests that L register in σ1 can be fostered in various dialects not only by onset 

voicing, but also by rhyme length and onset aspiration. 
52 Sun does not refer specifically to disyllabic non-verbs, and his analysis is intended to apply to 

words of up to three syllables. But the examples he presents are all non-verbs, and there is no 
difficulty in simplifying his ideas to talk about disyllabic words here. 
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elements are compounded, the tonal association of σ2 is de-linked and defaults to a 

high tone, yielding a LH pattern.53 

 

Sun offers a diachronic explanation for his proposed default high tone (1997: 

508): “Comparative evidence presented in §1.1 suggests that Tibetan originally must 

have been in a state where, the effects of stress and intonation aside, all syllables 

were normally produced in the high register”. The emphatic italics here are mine: I do 

not believe that the effects of stress (and intonation) can be put aside. In section 6.2, I 

reconstructed the stress patterns and the acoustic correlates of stress for Proto-

Tibetan, based on my analysis of stress in Balti and Rebkong Amdo. This 

reconstruction shows unequivocally that pitch was not equally high in both syllables. 

Rather, for Proto-Tibetan non-verbs, pitch in σ1 was low compared to pitch in σ2 

(and the opposite is the case for verbs). An account of Tibetan tonogenesis must 

begin from that state. 

Furthermore, it is not clear to me that the data which Sun refers to in his §1.1 

actually suggests an “original state” in which all syllables were produced with a high 

tone. What he presents in this section is a tonal continuum for Tibetan, ranging from 

dialects which are completely atonal to dialects in which the tone system is highly 

evolved, with phonemically contrastive contours as well as registers. For the atonal 

dialects – which include Ndzorge Amdo (mdzod.dge; Sun 1986) – he says “all 

syllable types [he refers to monosyllabic words here - NJC] carry a high (falling) tone 

                                                            
53 Yip (1993) and Meredith (1990) also offer autosegmental accounts for the H tone which is always 

found in σ2, and Meredith similarly accounts for the absence of contour tone on σ1. 
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when uttered in isolation, whereas the initial syllable of polysyllabic words are 

predictably low-pitched.” (This is just what I have documented for Rebkong Amdo.) 

Since these are reported to be atonal dialects, and they have a low pitch on σ1, I am 

not able to see how this demonstrates that the original, default tone is high for all 

syllables. 

Thus while I agree with Sun’s ideas about templatic tone with superimposed 

consonantal effects at the boundaries, my views differ from his on several points: (a) I 

do not agree with his assumption that pitch was originally high on all syllables of 

disyllabic words. On the contrary, my reconstruction of Proto-Tibetan shows that 

pitch was only high on σ2, functioning as a correlate of stress. (b) I find his argument 

about the origin of a “default” high tone to be unconvincing. (c) Sun (1997, 2001) 

suggests that the first change to this system was the development of low register, 

conditioned by onset voicing, onset aspiration, and rhyme length. What I have shown 

for Balti and Rebkong Amdo is that the first syllable of disyllabic non-verbs in Amdo 

almost always has a lower pitch (except for a minority of the AR_05 isolation forms, 

in which pitch slope was the more important acoustic correlate of stress), and there is 

no evidence that this was conditioned by anything. It occurs as a contrast to σ2 stress.  

6.3.2.4 Bielmeier (1988a) 

Bielmeier (1988a) makes an original and important contribution to the 

development of ideas regarding Tibetan tonogenesis. It seems there was no precedent 

to his suggestion that stress may play a role in the process – nor has there been any 

subsequent follow-up, as far as I know, until the present study. 
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Bielmeier proposes that stress originated in Tibetan on σ2. Noting an 

occasional σ1 stress in some of the Innovative dialects provoked the idea that a 

genuine shift in stress may have taken place, and that this may correspond somehow 

to observed tone patterns. 

In lieu of the impossible task of tracing such potential changes through time, 

Bielmeier traces them through space, by describing perceived patterns of stress and 

tone in disyllabic non-verbs along a linguistic transect from Balti, in the west, to 

Kyirong and Dzar, near the border between central Nepal and Tibet.  

A historical pattern of second-syllable stress in Tibetan is demonstrated by the 

pattern which occurs in Balti, classified by Bielmeier as a phonologically 

conservative Western Archaic dialect. The next stage is illustrated by the apparently 

less conservative Western Archaic dialects of Ladakh. Here, stress is perceived 

sometimes on the first syllable, sometimes on the second, and is sometimes even 

across syllables. 

Continuing eastward, Bielmeier finds that stress is still traceable in the 

southwestern and central tonal dialects, in which it is “... weakened and tends to shift 

from the second to the first syllable” (p. 49). Finally, in Innovative dialects such as 

Kyirong (in Tibet, north of central Nepal) and Dzar (Jharkot, in southern Mustang, 

Nepal), he observes that, among “disyllabic words where a morpheme boundary is 

not evident or only historical” (p. 49), those with a voiceless unaspirated onset (like 

[p]) and H tone on the first syllable are also stressed on σ1. In these more “evolved” 
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dialects, then, he suggests there may be a fairly regular correlation between onset 

type, stress, and tone. 

In words with a voiceless aspirated onset (like [pʰ]) and H tone on the first 

syllable, the pattern is less consistent, and stress may vary across dialects: sometimes 

stress is even across syllables, and sometimes there is a slight preference for σ2 stress. 

Words with L tone on the first syllable have σ2 stress. Stress also tends to remain on 

σ2 in compound words. Thus it is only in some dialects – and with specific σ1 onsets 

– that the stress shift appears to be most consistent. 

 

Bielmeier does not make a claim that this stress shift is responsible for the 

high tones observed in σ1 of so many disyllabic non-verbs. The laryngeal and 

physiological correlations between voiceless onsets and higher pitch – and between 

voiced onsets and lower pitch – are recognized as playing a fundamental role, and this 

is, in fact, the focus of much of the paper. But Bielmeier observes that the stress 

pattern – though sometimes weak and not entirely consistent – often matches the tone 

pattern, and wonders if there is a causal relationship.54 

This notion of a causal relationship provokes a number of questions. Is a shift 

in stress from σ2 to σ1 triggered by particular σ1 onset types? If such a shift occurred, 

did it somehow induce a H tone on σ1? This seems unlikely, as there are plenty of 

words with a H tone on σ1 in which stress has not shifted – words with a voiceless 

                                                            
54 These statements reflect the research questions which Bielmeier was considering at the time. He 

has long since rejected the notion that there might be a correlation between stress and register 
tone. (Bielmeier p.c., 2009) 
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aspirated onset (like [pʰ]). Here, since stress has not shifted, it cannot be credited with 

the H tone observed, which must instead be attributed to the characteristics of the 

onset. 

Conversely, where stress has shifted to σ1 (with an onset like [p]), any effect 

of stress on pitch could be considered redundant. The correlation between σ1 onset 

type and tone has already been established, and there is no need to invoke stress to 

account for it. 

A third possibility is that stress began to shift to σ1 because it has H tone. If 

this were the case, then it would be impossible to claim stress has played a role in 

motivating the genesis of tone after all. 55 

 

These questions cannot be approached without a careful acoustic analysis of 

the dialects considered. Such an analysis would also be helpful in determining how 

consistent and how robust the patterns described by Bielmeier are. As I discussed in 

detail in section 3.1.2, contrasts in vowel height across syllables can significantly 

impact our perception of relative stress. In that case, Sprigg (1966, 2002) perceived 

stress on the first syllable of certain disyllabic words in Balti, and on that basis 

identified particular suffixes as non-stress-bearing. What I demonstrated, instead, is 
                                                            
55 In fact, I do think this is the case. I think that the erratic σ1 stress Bielmeier perceives in some of 

the Innovative dialects reflects not a shift in stress, but a new, emergent stress. In my view, the 
function of this incipient prosodic element is to highlight σ1 for the benefit of the listener; this is 
the only syllable on which tone is contrastive – it can be either H or L only here. Since it is 
important to convey this information, the speaker may lend prominence to this syllable. I suspect 
such prominence would be conveyed by vowel duration, vowel quality, or intensity – but not by 
fundamental frequency, since this acoustic resource is already operating at its functional capacity, 
in conveying tone. But this is a research project for another day. 

 



540 

 

that in nearly all of the cases Sprigg considered, there was a [low.high] vowel contrast 

across syllables. His perception of σ1 stress may thus have been attributable to the 

fact that lower vowels have an intrinsically higher intensity. This prominence should 

then be considered of phonetic – but not of phonological – interest. It is possible that 

such incidental factors as a contrast in vowel height across syllables, or a contrast in 

syllable template, may play a role in Bielmeier’s perceived stress patterns in Kyirong 

and Dzar as well. Thus a closer examination of these and similar dialects must control 

for such incidental factors. 

 

While I think a shift in stress from σ2 to σ1 is unlikely, I am in complete 

agreement with Bielmeier’s core concepts: that stress has played an important role in 

Tibetan tonogenesis; that “...in internal proto-reconstruction of Tibetan we should 

start with stress” (1988a: 53); and that what we have in Tibetan is “…an ‘underlying 

accentual representation turning into a surface tonal representation’ (Goldsmith 

1980:415)”  (1988a: 52). Indeed, I agree that the modern spoken Innovative dialects 

preserve a trace – a continuity – of a historical σ2 stress pattern (which Bielmeier 

infers from his observations of conservative Western Archaic dialects and which I 

have reconstructed here for Proto-Tibetan). However, as I show in section 6.4 below, 

this trace is actually manifested as σ2 tone, not as shifting stress. 

My approach differs from the concept that Bielmeier put forth in two 

important respects: First, while Bielmeier was pondering a potential shift in stress 

from σ2 to σ1, I focus instead on the preservation of stress features on σ2. Second, as 
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described in section 6.3.1.2, disyllabic non-verbs in the Innovative dialects generally 

exhibit only LH and HH tone patterns. Bielmeier’s idea was focused on the origin of 

the H tone on σ1 of HH words. My work addresses the H tone which occurs on σ2 of 

both LH and HH patterns. 

 

Finally, aside from the originality of taking stress into consideration, 

Bielmeier’s approach differs from the studies described above in another important 

element: implicit in his analysis is the notion that pitch was historically low on σ1. 

This is what my reconstruction of stress correlates in Proto-Tibetan confirms, but it is 

exactly the opposite of the common assumption that pitch was historically high on all 

syllables. 

6.4 A new view of the role of stress in Tibetan tonogenesis 

In my view, the tone patterns observed on disyllabic words in many dialects of 

Tibetan can be explained diachronically as a combination of two processes. 

In part, the possible tone patterns are constrained by an acoustic template 

inherited from the stress patterns of Proto-Tibetan. Specifically, for disyllabic non-

verbs, a historical *σσ pattern has yielded only LH and HH tone patterns; σ2 can 

never have a L tone.56 This restriction on σ2 tone is a direct reflection of the acoustic 

history of disyllabic non-verbs. As reconstructed in section 6.2, non-verbs in Proto-

                                                            
56 For disyllabic verbs, a historical *σσ stress pattern allows HL tone patterns. (LH tone patterns 

also occur on verbs.) Since my data for verbs in Balti and Rebkong Amdo Tibetan was much 
more limited, my claims are correspondingly more limited and more tentative. Thus the analysis 
of Tibetan tonogenesis here focuses on nouns. 
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Tibetan were stressed on σ2, and this stress was conveyed primarily by fundamental 

frequency. This prominence of F0 on σ2 has evidently been quite robust and has 

persisted over time, even as its function changed, and regardless of variations in pitch 

(or tone) in σ1. This σ2 F0 prominence is now manifested in the Innovative dialects 

as a σ2 H tone. In this way, Proto-Tibetan stress patterns are reflected in – and even 

constrain – the tone patterns observed in the modern spoken Innovative dialects.  

Superimposed on this templatic tone are the consonantal “edge” effects 

discussed by Matisoff (1973), Mazaudon (1977), and others, which I suggest operate 

from both ends of a word towards its middle (just as they do on monosyllabic words). 

That is, the erosion of word-initial consonants induces a H/L register contrast on the 

initial syllable, the erosion of word-final consonants induces a level/falling contour 

contrast on the final syllable, and consonants and consonant clusters remain intact at 

medial syllable junctures. My hypothesis does suggest that the domain of tone is the 

word, but is much different than Mazaudon’s (1977) view that a tonal melody spreads 

from the beginning of the word to its end, and does not call on tone sandhi as a factor. 

All of the features commonly observed in the Innovative dialects can thus be 

explained by superimposing consonantal edge effects on a historical acoustic 

template. 

My analysis is quite similar to that of Sun (1997, 2001), who also regards tone 

in the Innovative dialects as templatic, with superimposed edge effects. As discussed 

in section 6.3.2.3 above, Sun suggests that [for disyllabic non-verbs] the original, 

lexical tone of σ2 is deleted, and the empty tone slot then defaults to a H tone. 
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As discussed, I do not find Sun’s diachronic explanation for the default H tone 

to be very convincing. Instead, I am able to offer acoustic evidence of an alternative 

explanation – the H tone observed on σ2 is a relict of Proto-Tibetan, preserved as part 

of an acoustic template. 

6.5 Implications regarding the direction of tone split in Tibetan 

Except for Bielmeier (1988a), previous analyses of Tibetan tonogenesis are 

based on an assumption that a high tone was the original and default tone on all 

syllables. Sun (1997, 2003) in particular is quite succinct and explicit in this assertion. 

As I quoted previously: “Tibetan originally must have been in a state where… all 

syllables were normally produced in the high register” (1997: 508), with low tone 

emerging later. And again (2003: 37), he suggests that the history of tone in Tibetan 

languages “can be characterized by the genesis of the low register, which has steadily 

invaded the former territory of the high register”. 

Thus the general consensus has been that a historical *HH tone pattern split to 

yield both LH and HH tone patterns in the modern Innovative dialects.57 

But this assumption of an original, default high tone on all syllables is not 

consistent with what I have documented and reconstructed here. For both Balti 

speakers and for Rebkong Amdo speaker AR_04, pitch is consistently and 

significantly lower in σ1 than in σ2, in both isolation and frame forms. For Rebkong 

Amdo speaker AR_05, this is the case for the frame forms; in the isolation forms, the 

                                                            
57 Though it is hardly ever stated explicitly, these views are based on consideration of disyllabic 

non-verbs. 
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pitch difference is not so dramatic because pitch slope is the primary stress correlate. 

Logically, then, it is impossible to reconstruct a *HH tone pattern for Proto-Tibetan. 

A *LH tone pattern is far more plausible. 

Thus I suggest here that hypotheses regarding tonogenesis in Tibetan must 

begin with a *LH tone pattern on disyllabic non-verbs. This *LH tone pattern must 

then have split to yield the LH and HH patterns observed today in the modern 

Innovative dialects. 

Both starting points yield the same result: only σ1 has the potential to 

manifest a tone contrast – L or H – while in σ2 tone remains H. In previous analyses, 

the σ1 L tone is derived; in this new analysis, the σ1 H tone is derived. The 

ramifications of this view will require further consideration. 

6.6 For future research… 

This dissertation suggests a number of topics which merit further 

investigation: 

 Pitch accent: Will consideration of words longer than two syllables provide 

evidence that Tibetan can productively be analyzed as some type of pitch 

accent language? 

 Tone as syntagmatic (related to the issue of pitch accent): Is it always 

appropriate to regard tone as a paradigmatic prosodic feature? In this 

dissertation, I reconstruct syntagmatic stress patterns for disyllabic words in 

Proto-Tibetan. I then demonstrate how the tone patterns of the modern spoken 
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Innovative dialects have evolved from this Proto-Tibetan stress. Because 

fundamental frequency in these dialects now functions primarily to convey 

tone, rather than stress, does this mean we instantly need to describe prosodic 

contrasts as paradigmatic, rather than syntagmatic? Does this question have 

broader cross-linguistic relevance? 

 Stress “shift” in Tibetan: Bielmeier (1988a) reports σ1 stress on disyllabic 

words in tonal dialects of Tibetan. This has been reported by other scholars, as 

well. I think this may represent not a shift in stress from its historical σ2 locus, 

but a new, emergent prosodic feature, whose function is to highlight σ1 since 

it is the only syllable on which tone is distinctive. 

 Historical comparative acoustics: What other types of acoustic reconstruction 

have been described in the phonetics literature? In what other ways can this 

methodology be employed in future? 

 The role of stress in tonogenesis: Are there other language groups in the world 

in which acoustic traces of a proto stress pattern can be found in modern tone 

languages? Are there language groups in the world in which acoustic traces of 

a proto tone pattern can be found in modern stress languages? And, 

conversely, can proto acoustic patterns be reconstructed for other language 

groups by comparing reflexes of stress and tone in various daughter 

languages?  

I look forward to pursuing some of these questions in my future research, and 

hope they are intriguing to others as well. 
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APPENDIX – WORD LIST 

 
The list on the following pages provides the Written Tibetan and phonetic 
forms of words recorded from the four speakers considered in this study: two 
speakers of Balti Tibetan (BSh_03 and BM_01), and two speakers of Rebkong 
Amdo Tibetan (AR_04 and AR_05). Only those words and tokens which 
could be analyzed acoustically are included. There were hundreds of other 
forms recorded that could not be analyzed because they could not be reliably 
segmented (as I discuss in Chapter 2). These words are not on this list. 

The Written Tibetan (WT) forms shown in this table have been drawn from a 
number of sources, which are not always in complete accord. In some cases, 
there was a very obvious standard form. In other cases I chose a spelling 
alternant which in my view most closely matches the phonetic form. More 
knowledgeable scholars may not always agree with my choices. I provide 
different spellings for the Balti and Rebkong Amdo spoken forms – separated 
by a semi-colon “;” – when they evidently correspond to different historical 
roots. A slash “/” indicates that there are two equally plausible WT forms. 

The sources consulted include: 

Goldstein, 1984 
Goldstein, 2001 
Jaeshke, [1881] 1958 
Norberg-Hodge and Gyelong Thupstan Paldan, 1991 
Sprigg, 2002 
Roerich, 1958 

Some spellings were also kindly provided to me by Roland Bielmeier, by 
Nicolas Tournadre (often referring to the tsig dzo chen mo, a Tibetan-Chinese 
source which I am not able to read for myself), and by my research assistant 
Sangye Gyatso. In some cases I was not able to confirm their suggestions in 
the sources available to me; I have marked these forms as follows: 

* Reconstructed Proto-Tibetan form provided by Roland Bielmeier (p.c. 2008). 
† Written Tibetan form or etymology suggested by Roland Bielmeier (p.c. 2008). 
†† Written Tibetan form suggested by Sangye Gyatso (p.c. 2004). 
# Written Tibetan form provided by Nicolas Tournadre (p.c. 2008). 

There were a few instances in which – despite these thoughtful suggestions – I 
chose to use a WT form from a different source. For instance, some Balti 
words seemed to me to be best represented by the forms offered in Norberg-
Hodge and Paldan’s dictionary of Ladakhi. 
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The phonetic transcriptions shown in this word list are based on elicitation and 
repetition in the field, double-checking of the recordings, and close 
examination of waveforms and spectrograms. Working with only two 
speakers of each dialect, and with a limited vocabulary, it is not possible to 
draw conclusions about underlying phonological forms, or even to know what 
a “standard” pronunciation of a word might be in a particular dialect. Each 
speaker has their own idiosyncrasies, and these are captured in the 
transcription. For instance, speaker BM_01 produced the form for the verb ‘to 

close a door’ (# 585) as ['zɡo.tɕukʰ], with final aspiration. Final aspiration 

does not occur phonologically in Balti, but it clearly occurred phonetically in 
this instance. Because the acoustic measurements in this study were based on 
these particular tokens, such phonetic variations are included in the 
transcription. 

Question marks are used in various ways to indicate places where I am not 
confident that I have identified a WT form which corresponds to the phonetic 
form(s): 

 # 267 ‘frog’ ?? 

Two question marks (“??”) indicates that I was not able to identify a 
possible WT correlate for either syllable of the word, and that the 
etymology is unknown. 

 # 18 ‘harvest’ thog.btsas ? 

A question mark followed by a space after a full WT form indicates 
that this seemed like the most logical Written Tibetan correlate, but I 
am not completely confident of this. 

 # 76 ‘lid, cover’ kha.thum? (for Rebkong Amdo [kʰa.'tu]) 

A question mark following either syllable – without a space – indicates 
that I am confident of the WT form for one syllable, but not the other. 

 # 205 ‘sweat, perspiration’ rngul.? (for Rebkong Amdo [ᵊŋuʋ.'tsɤ]) 

A question mark in place of either σ1 or σ2 (before or after the “.” at 
the syllable boundary) indicates that I was not able to identify a WT 
correlate for that syllable.
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WORD LIST – CAPLOW 2009 

No. Cat Gloss WT 
        BSh_03 BM_01        AR_04        AR_05 
  isol   frame   isol   isol   frame   isol   frame 

8 N pearl 
mu.tig 
(<Sankrit †) mu.'tik mu.'tik           

10 N school 
‘school’; 
slob.grwa su.'kul   su.'kul ɬop.'ʈa ɬop.'ʈa ɬoʋ.'ta ɬop.'ta 

14 N horse saddle rta.sga çtʌz.'ɡa çtaz.'ɡa   xtar.'ka xtar.'ka xtar.'ɡa tar.'ɡa 
15 N horse race rta.rgyugs       çtar.'tɕix çtar.'tɕi     
16 N stable 

rta.khang; 
rta.rwa çta.'kʰaŋ çta.'kʰaː ̃   xta.'ra xta.'ra xta.'ra ta.'ra 

17 N horse year rta.lo ʂta.'lo çta.'lo   xta.'lo xta.'lo xta.'lo ta.'lo 
18 N harvest thog.btsas ?       to.'tsɨɰ       
19 N 

astrological 
year 

lo.ril       lo.'ri lo.'ri lo.'ri lo.'ri 
21 N new year lo.gsar lo.'sar  lo.'sar       ɮo.'sɨr ̥   
22 N horse whip 

rta.mthur; 
rta.lcag çta.tʰur ̥     xtax.tɕɤχ       

25 N blacksmith mgar.ba ɡar.'ba ɡar.'ba ŋɡar.'ʋa ŋka.'ra ŋɡa.'ra ŋɡa.'ra ŋɡa.'ra 
27 N 

arrow and 
bow 

mda’.gzhu ndaʁ.'ʑu     nta.'ʑɤ nta.'ʑɤ nda.'ʑɤ nda.'ʑɤ 
29 N star skar.ma skar.'ma skar.'ma   ᵊxkar.'ma ᵊxkar.'ma kar.'ma kar.'ma 
30 N 

shooting star, 
meteor 

skar.zla skar.'da skar.'da   xkan.'ta xkan.'ta xkarn.'da kan.'da 
33 N gun, rifle me.mda’ mɛ.'ða mɛ.'ða           
35 N flame me.rlabs mɛ.'ll̥ap mɛ.'ll̥aʋ           
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No. Cat Gloss WT 
        BSh_03 BM_01        AR_04        AR_05 
  isol   frame   isol   isol   frame   isol   frame 

36 N 
disease, 
illness 

na.tsha           na.'tsa na.'tsa 
39 N 

sick person, 
patient 

nad.pa nʌt.'pa nʌt.'pa   nai.'pa na.'pa na.'pa na.'pa 
42 N pig phag.pa           hʌʁ.'ɮɤ   
43 N pork phag.sha   pʰaq.'ʃa   həχ.'xa həχ.'xa hʌχ.'xa   
44 N house khang.pa           kˣo.'ŋa kˣo.'ŋa 
45 N restaurant za.khang za.'kʰaŋ za.'kʰaː ̃           
47 N 

land, place, 
property 

sa.cha       sʰa.'tɕa sʰa.'tɕa sʰa.'tɕa sʰa.'tɕa 
49 N chicken, hen mo.bya       moʋ.'ʃa moʋ.'ʃa moʋ.'ɕa moʋ.'ɕa 
50 N rooster, cock pho.bya       pʰoʋ.'ɕa pʰoʋ.'ɕa hoʋ.'ɕa hoʋ.'ɕa 
51 N eagle bya.glag ? †     ɓɪn.'ðakˣ         
54 N crow, raven pho.rog       ho.'roʁ ho.'roʁ     

56 N snuff 
sna.tho? 
sna.rdul? †† 
sna.tha? 

      na.'to na.'to ᵊna.'do na.'do 

58 N hand, arm lag.pa laq.'pa laq.'pa laχ.'pa         
64 N foot, leg rkang.ma kaŋ.'ma kaː.̃'ma           
67 N on foot rkang.thang           xkʌŋ.'tʰʌŋ kʌŋ.'tʰʌŋ 
72 N 

boss, head 
man 

bdag.po ndaχ.'po daχ.'po   ᵊtʌq.'qu tʌq.'qo ᵊdo.'χo do.'χo 
76 N lid, cover kha.thum?       kʰa.'tu kˣa.'tu kʰa.'to kʰa.'to 
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No. Cat Gloss WT 
        BSh_03 BM_01        AR_04        AR_05 
  isol   frame   isol   isol   frame   isol   frame

77 N hair on head mgo.ral     ŋɡo.'rɛl         
80 N obstacle bar.chad bar.'tʃad bar.'tɕad       var.'tɕʰɪl var.'tɕʰɪl 
81 N Buddha sangs.rgyas           sʰaŋ.'dʑi   
82 N axe sta.re; sta.ri sta.'re sta.'re   xta.'ri xta.'ri xta.'ri ta.'ri 
86 N 

prayer, 
blessing 

smon.lam       mɤ̃.'ɮɨ mɤ̃.'ɮɨm̃     
89 N 

snow-covered 
peak 

gangs.ri ŋɡaː.̃'ri ɡaː.̃'ri           
90 N hibivore, ibex ri.dwags ri.'daχ ri.'dax           
95 N work las.ka       lex.'ka le.'ka lex.'ka le.'ka 
96 N knife sheath 

gri.?; 
gri.shubs ɖʐi.'ʂuk     tɕɤ.'xʰɨv   tɕi.'çɨv tɕi.'çɨv 

98 N field sa.khyad sa.'kʰɛt sa.'kʰɛd   ɕʰʌŋ.'kʰa ɕʌŋ.'kʰa     
99 N 

field work, 
agriculture 

zhing.las       ɕaŋ.'li ɕaŋ.'li     
100 N forest, jungle ‘jungle’     dʑʌŋ.'ɡɐl         
101 N tree sdong.bu           ᵊdõ.'ŋu dõ.'ŋu 
102 N wooden yoke ske.shing           ce.'xʊŋ ce.'xʊŋ 
104 N willow tree lcang.ma     ɬtsaɣ.'ma xtɕaː.̃'ma çtɕaː.̃'ma xtɕʌŋ.'ma xtɕʌŋ.'ma 
105 N 

alpine willow 
tree 

glang.ma χlãŋ.'ma xlaː.̃'ma   ʰᵊɮɔː̃.'ma ɮɔː̃.'ma ʰᵊlʌŋ.'ma lɔː.̃'ma 
106 N birch tree stag.pa staq.'pa staq.'pa           
107 N walnut 

star.kha?, 
star.ka?       xtar.'ka xtar.'ka xtär.'ɡa tar.'ɡa 
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        BSh_03 BM_01        AR_04        AR_05 
  isol   frame   isol   isol   frame   isol   frame

108 N fruit shing.tog       sʰi.'toʁ       
109 N flower me.tog   mɪn.do ̱ː   me.'toʁ      
112 N salt tshwa.khu       tsʰa.kɤ tsʰa.kɤ tsʰa.kxɤ tsʰa.kʰɤ 
115 N 

thermos 
bottle 

‘thermos’     tᶱar.'mʊɕ tsʰa.'tɨm tsʰa.tɨ ̃ tsʰa.'dɪm tsʰa.'dɪm 
117 N tea churn ja.mdong tɕa.'doŋ   tɕʰa.'ðõː         
118 N tea w/ tsampa dul.ma ? ††       çtɯ.'ma xtɯ.'ma çtu.'ma tʰu.'ma 
121 N big river rgya.mtsho     ᵊrɡyam.'so         
129 N 

chest (body 
part) 

brang.kha       tʌŋ.'kˣa tʌŋ.'kˣa tɕʌŋ.'ka   
130 N dusty wind 

rlung.tshub / 
rlung.’tshub       ᵊlɔː.̃'tsʰɤʋ lɔː.̃'tsʰɤʋ ᵊlɔː.̃'tsʰɨʋ lɔŋ.'tsʰɨv 

133 N 
cave, rock 
shelter 

brag.khog?, 
brag.khung   bla.'qʰoq       ʈʌʁ.'kuŋ ʈʌχ.'kuː̃ 

134 N 
cow (female); 
cattle 

mo.bang, 
ba.lang; 
ba.mo 

mo.'baŋ mo.'βaː ̃ mba.'laŋ ʋa.'mo   va.'mo va.'mo 

135 N 
cow (male), 
bull, ox 

pho.bang pʰo.'β̞aŋ         ᵊlʌ.'ŋɤ lʌ.'ŋɤ 
136 N elephant glang.chen ɬlan.'tɕʰɛn             
138 N 

family 
members 

nang.mi    naŋ.'mi         

139 N 
household, 
family 

khyim. 
tshang       tɕʰɤn. 

'tsʰɤɰ 
tɕʰɤn. 
'tsʰə ̃

tɕʰɛm. 
'tsʰʌŋ 

tɕʰɛn. 
'tsʰʌŋ 
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No. Cat Gloss WT 
        BSh_03 BM_01        AR_04        AR_05 
  isol   frame   isol   isol   frame   isol   frame

145 N 
nomad, 
pastoralist 

’brog.pa mbloq.'pa ɓloq.'pa broq.'pa         
146 N nomad area ’brog.sa       ɖoʁ.'sʰa   ndoχ.'sʰa ndoχ.'sʰa
148 N rope thag.pa tʰaq.'pa             
149 N chain lcags.thag           xtɕɤʁ.'tʰɤʁ tɕɤʁ.'tʰɤʁ 
153 N 

pasture, 
grazing area 

rtswa.thang       xtsa.'tʰʊŋ çtsa.'tʰʊ̃ xtsa.'tʰʌŋ   
155 N 

medicinal 
plant 

rtswa.sman           xtsa.'hmɪn xtsar.'mɪː̃
156 N hospital sman.khang sman.'kʰaŋ sman.'kʰaː̃   hmãĩ.'kxɤŋ m̥ãĩ.'kxɤ̃     
159 N birthplace skye.sa       çtɕe.'sa çtɕe.'sa xcye.'sa tɕe.'sa 
161 N dialect skad.?       xka.'tɯx xka.'tɤx     
166 N mandala dkyil.’khor           xtɕiŋ.'kˣur tɕiŋ.'kˣur
168 N 

goddess; 
Tibetan opera 

lha.mo     ɬla.'ŋo ɬḁa.'mu ɬḁa.'mu ɬa.'mo ɬa.'mo 
169 N temple lha.khang çla.'kʰaŋ ɮa.'kaː ̃ ɬla.'kˣaŋ         
173 N war dmag.’khrug       ʰᵊmᵊʁ.'ʈʰix       
176 N 

footpath, one-
person trail 

rkang.lam kaː.̃'lam kaː.̃'lam       xkʌŋ.'lʌm xkʌŋ.'lʌm 
177 N highway rgya.lam       ʰᵊdʑya.'lɤm       

181 N cat 

byi.la 
(<Middle 
Indo-
Aryan?†); lu.li

  bi.'la ɓi.'la     lu.'li lu.'li 
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  isol   frame   isol   isol   frame   isol   frame

183 N 
heavy thing 
(?) 

ljid.mo       ʑɨ.'mo ʑɨ.'mo     
187 N merit, luck bsod.nams       so.'nɨm   sʰɤ.'nɨm sʰo.'nɨm 
188 N prison btson.khang           tsɔiŋ.'kˣʌŋ   
189 N prisoner btson.ma       tsɔi.'ma tsɔi.'ma tsɔiŋ.'ma tsɔi.'ma 
190 N chorten mchod.rten       tɕʰoʋ.'tɛ ̃ tɕʰoʋ.'tɛ ̃ tɕʰor.'tɨn tɕʰor.'tɨn 

200 N 
sacred pile of 
100,000 
stones 

rdo.’bum       ʰᵊtim.'bɤm ədim.'bɤ ʰᵊdim.'bɤm dim.'bɤm 

205 N 
sweat, 
perspiration 

rngul.chu; 
rngul.?   χmul.'tɕʰu   ᵊŋuʋ.'tsɤ ŋu.'tsɤ     

209 N 
local 
language, 
father tongue 

 pha.skad           pʰar.'kɨl   

210 N bone  rus.pa ᵊrus.'pa ᵊrus.'pa ᵊrus.'pa ᵊrɤ.'pa rɤ.'pa ʐɪ.'pa   

211 N 
bald head; 
animal w/o 
horns 

mgo.rdo       ŋɡor.'tu ŋɡor.'tu ŋɡor.'do ŋɡor.'do 

213 N lamp *dkar.lto       kar.'tu kar.'tu     
221 N 

water source, 
spring 

chu.mig       tɕʰʌŋ.'ku tɕʰʌŋ.'ku tɕʰɤŋ.'ɡo tɕʰɤŋ.'ɡo 
226 N eyeglasses mig.srab     miχ.'ʂrḁp         
227 N key lde.mig le.'mik le.'miɡ           
230 N 

goats and 
sheep 

ra.lug           ʰᵊra.lɯɣ ra.'lɯɣ 
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  isol   frame   isol   isol   frame   isol   frame

231 N baby sheep lug.phrug           ɮɤ.'ɣɤ lɤ.'ɣɤ 
235 N body.HON sku.lus       kɤ.'ɮi kɤ.'ɮi xkɤ.'li xkɤ.'li 
237 N incarnation sprul.sku       çtɤr.̥'kɤ   xtir.̥'kɤ xtɨr.̥'kɤ 
241 N 

nose blood, 
bloody nose 

sna.khrag       hna.'tɕɤʁ       
242 N border 

mu.rdo; 
sa.mtshams     smor.'ðo sʰan.'tsɨm   sʰan.'tsɨm sʰan.'tsʰɪm 

243 N 
shopping, 
things to be 
bought 

nyo.cha, 
*nyo.bca’       nyoʋ.'tɕʰa nyoʋ.'tɕʰa     

249 N grape rgun.’brum       ᵊɡɤn.'ɖɤm ɡɤn.'ɖɤm ʰᵊɡɤn.'dɤm ɡɤn.'dɤː̃ 
253 N 

khata, 
offering scarf 

kha.btags           kʰa.'tɤʁ kʰa.'tɤʁ 
256 N nit, lice egg sro.ma           ʂo.'mʌŋ ʂo.'mʌŋ 
257 N wool felt phying.pa     pʰɯŋ.'ma         
259 N rain 

char.pa; 
gnam.chu     tɕʰar.'pa nam.'tɕʰɨ   hnam.'tɕhɯ nam.'tɕʰɯ

261 N dust sa.rdul       sʰar.'tuʋ   sʰar.'du sʰar.'du 
262 N bride 

bag.mo, 
mna’.ma ɓaχ.'mo baχ.'mo na.'ma na.'ma na.'ma nã.'ma na.'ma 

263 N 
bridegroom, 
son-in-law 

bag.po, 
mag.pa ɓaχ.'pʰo baχ.'po mak.'pa         

267 N frog ??     ɓa.'tek         
268 N lama bla.ma la.'ma la.'ma la.'ma ᵊla.'ma la.'ma ᵊla.'ma la.'ma 
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273 N bridge zam.ba sam.'ba   nzam.ba ɕsam.ba çsam.ba xsam.ba sam.ba 
274 N wolf spyang.ku spyaŋ.'ku   ɕaŋ.'ku çtɕaŋ.'kxɤ çtɕaŋ.'kʰɤ     
278 N leaf lo.ma       lo.'ma lo.'ma lo.'ma lo.'ma 
279 N brain 

klad.pa / 
glad.pa xlat.'pa   χlʌt.'pa ᵊlai.'pa ɮa.'pa ʰᵊlai.'pa lai.'pa 

282 N 
fingernail, 
toenail 

ser.mo, 
sen.mo     ᵊzer.'moŋ     sʰe.'mo sʰe.'mo 

283 N 
show, 
spectacle 

ltad.mo       çtai.'mo ctai.'mo xtai.'mo xtai.'mo 
285 N cream ’o.spri     ʔo.'spis         
286 N 

smell, scent, 
odor 

dri.ma       ʈø.'ma ʈø.'ma ʈɪ.'ma ʈɪ.'ma 
287 N liver mchin.pa     tɕʰin.'ma     tɕʰɪn.'ba tɕʰɪn.'ba 

291 N 
animal 
droppings 
(pellets) 

ril.ma           ᵊʐi.'ma ri.'ma 

292 N 
drawing, 
picture 

ri.mo       ᵊrɨ.'mõ rɨ.'mo     
293 N round pill ril.bu       ᵊrɤ.'lɤ rɤ.'lɤ     
295 N 

knee 
(kneecap ?) 

 pus.mgo       ᵊvɯŋ.'ɡo       
298 N milk ’o.ma           o.'ma ʔo.'ma 
299 N 

forehead, 
skull 

dpral.ba; 
thod.pa spal.'ba spal.'ba ᵊspal.'ba tʰo.'pa tʰo.'pa tʰo.'pa tʰo.'pa 

302 N sickle zor.ba ʁzor.'ba ʁzor.'ba   xso.'ra so.'ra xso.'ra xso.'ra 
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303 N official, chief dpon.po           χɔim.'bo χɔim.'bo 
304 N charcoal, coal 

sol.ba; 
*sol.gas sol.'ba χsol.'ba   sʰoŋ.'kxe sʰoŋ.'kxe     

305 N evening 
dgong.dag 
dgong.phyi; 
dgong.mo 

ɡøn.'tʰaχs   ŋɡɔː̃.'ɸɪn ʰᵊkoː̃.'mu koː̃.'mu     

306 N female dzo mdzo.mo       dzo.'mu dzo.'mu ndzo.'mu ndzo.'mu
307 N guest mgron.po ɖrøn.'pa   ɴɡrøn.'pa         
309 N plan char.gzhi          tɕʰar.'ʑɤ tɕʰar.'ʑɤ 
310 N queen rgyal.mo      ntɕai.'mo tɕai.'mo     
315 N smoke dud.ba tut.'pa tut.'pa           
319 N thread skud.pa      xkɤ.'pa xkɤ.'pa xkɤ.'pa kɤ.'pa 
321 N thief rkun.ma     ʂkøn.'ma         
324 N girl, daughter 

bu.mo; 
sras.mo     ɓo.'ŋo ʂɨ.'mo   ʂɤ.'mo ʂɤ.'mo 

327 N donkey bong.bu mboː̃.'bu mboː̃.'bu ɓɔŋ̃.'bu         
328 N 

digit (finger, 
toe) 

sen.mo; 
mdzug.gu sɛn.'mo sɛn.'mo sɛn.'ma ntsɤ.'ɣɤ ndzɤ.'ɰɤ ndzɤ.'ɣɤ ndzɤ.'ɣɤ 

329 N paper, book 
shog.shog, 
shog.bu ɕoq.'ɕoq ɕoʁ.'ɕoʁ ɕoɣ.'ʋu         

331 N bellows sbud.pa     zbuk.'pa         
334 N tsampa 

ja.phye, 
rtsam.pa tɕa.'pʰe tɕa.'pʰe   xtsam.'ba xtsam.'pa xtsam.'ba xtsam.'ba

337 N faith, practice dad.pa           tai.'pa tai.'pa 
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342 N wolf (jackal?) ’phar.ba       pʰa.'ɾa pʰa.'ɾa pʰa.'ra pʰa.'ra 
343 N 

matted hair, 
dreadlocks 

ral.?       ra.'lɤ ra.'lɤ ᵊra.'lɤ ra.'lɤ 
344 N 

pea, bean, 
legume 

sran.ma strɛn.'ma strɛn.'ma   ʂai.'ma ʂai.'ma ʂʰai.'ma ʂʰai.'ma 
365 N length ring.thung           ʰᵊraŋ.'tʰʊŋ raŋ.'tʰʊŋ 

392 N 
beggar, 
mendicant, 
poor person 

ltsangs. 
mkhan ?,  
bslangs.  
mkhan † 

    ɬtsan.'kʰan         

400 N expert shes.mkhan     ɕɛs.'kˣan         
499 N clothing gon.chas ŋɡøn.'tɕɛs ŋɡøn.'tɕɛs           
519 N 

white prayer 
flag 

dar.lcog       taʁ.'tɕɤʁ       
520 N 

water drop, 
leak 

thig.chu tʰik.'tɕʰu tʰik.'tɕʰu   tʰɤɣ.'tɕʰɤ       

522 N 
medicinal 
plant (local 
term) 

sman.rtswa       hmãĩ.'tsa hmãĩ.'tsa hmain.'tsa main.'tsa 

526 N personal deity gzhis.lha           xtɕʰi.'ɮa xtɕʰi.'ɮa 

543 N 

bell (?) 
‘small bells 
worn around 
ankle of 
dancers’ † 

?.dril, dril.?     ʈiʋ.'ɕil         

544 N stomach grod.pa     krot.'pa         
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555 N bottle ‘bottle’     mbʌ.'ʈɤl         
561 N breast <Burushaski †     tɕu.'tɕu         
576 N carpet cha.ra #     tɕʰa.'ra         
586 N cloud mun.ma     mʊn.'ma         
588 N cold, flu chams.pa     tɕʰam.'ba         
615 N diamond pha.lam     pʰa.'lam         
616 N dice cho.lo     tɕʰo.'lo         
623 N doctor sman.pa smʌn.'pa   sman.'pa         
625 N wild donkey thang.bong     tʰaũŋ.'boŋ         
641 N edge, limit mtha’.ma     tʰa.'ma         
642 N egg bya.bzhon †     byaβ.'ʑøn         
645 N eweskin coat thu.lu †     tʰu.'lu         
655 N film ‘film’     pɸi.'lim         
663 N foreigner ??     mɛr.'man         
667 N friend dga’.mkhan     ᵊrɣa.'χan         
669 N juniper shug.pa     ɕuk.'pa         
686 N hail ??     kʰar.'dzɪn         
690 N hat ??     na.'tiŋ         
717 N last year na.ning     na.'niŋ         
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764 N morning 
’gyogs.pa ?, 
mgyogs.pa ?†     ɡyoχ.'pa         

766 N mouth kha.’khor     kʰa.'kʰor ̥         
767 N mule 

<Urdu, 
Hindi †     kʰa.'ɕãr ̥         

876 N teacher ‘teacher’ ti.'tɕər ̥ ti.'tɕə           
922 N woman, wife bu.sring bu.'striŋ mbu.'striː ̃           
927 N wound; scab 

rma.ra ? 
sma.kha ?     sma.'ra         

963 N bread ’khur.ba kʰur.'βa             
968 N eyebrows smin.ma smɪn.'ma             
971 N 

archery 
festival 

mda’.’phang /  
mda’.’phangs ɗa.'pʰaŋ da.'pʰaŋ           

977 N 
goat (alt. 
form) 

ra.ma ra.'ma ra.'ma           
978 N 

conversation, 
talk 

dpe.sgra χpe.'ra xpe.'ra           
984 N forearm phrag.pa prḁk.'pa pʰrḁk.'pa           
986 N standing tree sta.?, stag.? staʁ.'ʑi staʁ.'ʑi           
990 N wheat flour bag.phye ɓaχ.'pʰe mbax.'pʰe           
991 N black pea nag.sran naq.'strɛn naq.'strɛn           
1002 N 

twelve year 
cycle 

lo.skor lo.'skor ̥ lo.'skor           
1003 N first year lo.’go lom.'ɡo lom.'ɡo           
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1007 N 
restaurant, 
hotel 

‘hotel’ ho.'ʈɨl             
1010 N socks rkang.rtse? kaː.̃'tse             
1016 N 

cairn, pile of 
stones 

rdo.byur † ᵊrdo.'pyur ᵊrdo.'pyur           

1022 N 
polo 
accessory for 
horse 

?? χmɪt.'paχ       

1027 N 
mare, female 
horse 

rgod.ma ᵊrɡud.'mo rɡud.'mo           
1028 N 

older person, 
mature 

tshar.ma † tsʰar.'ma tsʰar.'ma           
1031 N shame khrel.ba ʈʰrɛ̥l.'ba ʈʰrɛ̥l.'ba           
1042 N woman's hair skra.lo     ʂka.'ɭo         
1043 N 

bride (alt. 
form) 

bag.mo     baʀ.'mo         
1044 N brain, mind mgo.glad     ŋɡo.'ʀlat         
1045 N 

crow, rave 
(alt. form) 

khwa.ta       kxa.'ta kxa.'ta     
1046 N waist sked.pa     skɛt.'pa         
1047 N 

barley flour, 
tsampa 

nas.phye     nas.'pɸe         
296 A 

thick (like 
rope) 

sbom.po bom.'bo bom.'bo bom.'bo         
348 A black nag.po naq.'po naq.'po       no.'χo no.'χo 
349 A white dkar.po kar.'pʰo kar.'pʰo kar.'po ka.'ru ka.'ru ka.'ro ka.'ro 
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350 A yellow ser.po     sʰer.'po sʰe.'ru sʰe.'ru     
351 A red dmar.po mar.'pʰo             

352 A blue color 
sngo.rang 
(rang <Urdu 
<Persian †) 

    sŋo.'raŋ         

363 A long ring.po       ᵊrʌ.'ŋo       
371 A short, few chad.chad     tɕʰaʈ.'tɕʰaʈ         
372 A flat leb.leb           ɮeʋ.'lɛʋ leʋ.'leʋ 
382 A important tsha.tsha ?     sʰa.'sʰa         
384 A difficult mkhregs.pa †   ʈʰrɪ̥s.'pa           
385 A easy bde.mo     ᵊvdo.'ŋo         
387 A clean gtsang.ma     ɬtsaχ.'ma     xtsʌŋ.'ma xtsʌŋ.'ma
388 A new 

gsar.pa; 
so.ma sar.'pʰa sar.'pʰa sar.'pa sʰo.'ma sʰo.'ma sʰo.'ma sʰo.'ma 

393 A steep gzar.mo       ᵊzar.'mõ zar.'mo ʰᵊzar.'mõ zar.'mõ 
395 A dry, dried skam.po     skam.'bo xkam.'bo xkam.'bo     
396 A hot tsha.’di       tsʰan.'di tsʰan.'di tsʰan.'di tsʰan.'di 
403 A 

alone, single, 
solo 

kher.po †       kʰə.'ro   kˣɤr.'mõ kʰɤr.'mõ 
404 A same, alike tsogs.tsogs     tsoʀs.'tsoʀ         
408 A high mthon.mo tʰon.'mo   tʰɤn.'mo         
409 A rich phyug.po       ɕʰɤ.'ko ɕʰɤ.'ko ɕʰɪ.'ko ɕʰɪ.'ko 
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410 A thick mthug.mthug     ʈuk.ʈuk         
411 A rare dkon.po ? ʂkøn.'mo ʂkøn.'mo   χkɔim.'bu xkɔim.'bu xkɔim.'bo kɔim.'bo 
412 A big chen.po       tɕʰe.po tɕʰe.po tɕʰe.po tɕʰe.po 
413 A small_little 

chung.tshad?;  
chung.chung     tɕʰun.'tse     tɕʰʊŋ.'tɕʰʊŋ tɕʰʊŋ.'tɕʰʊŋ

415 A fat ?? ; tshon.po     ʈʰäk.'ʈʰäk tsʰɔim.'bu tsʰɔim.'bu     
529 A all gang.ma     ŋɡaŋ.'ma         
581 A 

cheap, 
inexpensive 

<Urdu     sas.'ta         
584 A clear gsal.po     xsal.'po         
587 A cold grang.mo     dʐaʀ.'mo         
619 A dirty <Burushaski †     tɕʰa.'ɾu         
651 A fast, quick 

mgyogs.mo ?, 
*shogs.mo     ɕoʀ.'mo         

677 A good legs.mo     leaʀ.'mo         
678 A 

tasty, 
delicious 

zhim.bo     ᵊʑum.'bo         
685 A blue, green sngon.po     sŋøn.'po         
740 A low *babs.mo     ɓah.'mo         
747 A many mang.mo maː.̃'mo maː.̃'mo mãʊ̃.'mo         
422 Num 3rd gsum.pa           ksʊm.'ba   
426 Num 7th bdun.pa           ᵊdɤn.'ba   
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432 Num 12 bcu.gnyis tɕo.'ŋas             
433 Num 13 bcu.gsum tɕʊχ.'sum             
435 Num 14 bcu.bzhi tɕuβ.̞'ʑi             
436 Num 15 bco.lnga           tɕo.'ŋa   
437 Num 16 bcu.drug tɕu.'ruk         tɕɤ.'ʈix   
438 Num 17 bcu.bdun tɕub.'dun         tɕɤb.'dɤn   
439 Num 18 bco.brgyad tɕop.'ɡyɛt             
440 Num 19 bcu.dgu tɕur.'ɡu         tɕɤr.'ɡɤ   
443 Num 30 gsum.bcu xsʊm.'tɕu         sʰʌm.'tɕɤ   
447 Num 40 bzhi.bcu           ʑɤb.'tɕɤ   
449 Num 50 lnga.bcu ᵊʁaf.'tɕu         ŋap.'tɕɤ   
453 Num 70 bdun.cu           ʰᵊdɤn.'tɕɤ   
457 Num 90 dgu.bcu           kɤb.'tɕɤ   
28 V 

to shoot an 
arrow 

mda’.’phen       'nta.hɛn  'nda.hɛn 'nda.hɛː ̃
32 V to make a fire spar.ba     'spar.ʋa         

34 V to shoot a gun 
wu.brgyab †, 
wos.brgyab < 
Chinese? # 

          'ʋu.dʑəp 'ʋu.dʑɨp 

88 V to snow 
gangs.babs ?, 
kha.ba.babs ? †           'kˣʌŋ.bʌp 'kˣʌŋ.bɤʋ

260 V to rain gnam.babs       ʰᵊ'nʌm.bʌʋ 'nʌm.bɨʋ ʰᵊ'nʌm.bʌp 'nʌm.baʋ
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333 V to answer lan.brgyab       'ɮẽ.ɕɤʋ 'ɮẽ.dʑɤʋ 'lɛn.tɤv 'lɛn.tʰɤv 
532 V to arrive ’thon.ma 'tʰɤn.ma 'tʰɤn.ma           
570 V 

to call, to 
shout 

skad.zer     'skʰat.zɛr ̥         
585 V 

to close a 
door 

 sgo.bcug †     'zɡo.tɕukʰ         
597 V to cook food zan.bcos †     'zan.ɸtɕøs         
640 V to eat food  zan.za 'zaːn.za 'zaːn.za zan.za         
654 V 

to be afraid, 
to fear 

’jigs.pa 'ʑik.pʰa 'ʑik.pʰa 'dʑik.pʰa         
660 V to fly  ’phur.ba     'pʰur.ba         
671 V 

to give (by 
hand) 

sbyin.ma ? † 'mɪn.ma 'mɪn.ma 'mɪn.ma         
711 V 

to keep, to 
protect 

srung.ma     'stun.ma         
715 V to know  shes.pa     'ɕɛs.pa         
718 V to be late ’gor.ba     'ŋɡor.ʋa         
733 V to listen rna.bya     'sna.bya         
746 V 

to spread 
manure 

lud.btang     'lut.taŋ         
755 V to meet thug.pa     'tʰuk.pə         
814 V to ride 

zhon.ma ? 
bzhon.ma ? 'ʐʊn.ma 'ɖʐʊn.ma           

816 V to rise (sun) shar.ba 'ʃar.ba 'ʃar.ʋa           
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856 V 
to get up, to 
rise 

lang.ma 'laŋ.ma 'laː.̃ma           
870 V to carry ‘khur.ba 'kʰur.ba 'kʰur.βa           
957 V to stretch 

brkyang.ma † , 
rkyangs.ma ? 'ʂkyaŋ.ma 'ʂkyaŋ.ma           

958 V 
to release, to 
set X on to 

?? 'ʂkat.pa             
960 V to fill bkang.ma ?  'skaŋ.ma 'skaː.̃ma           
961 V to clothe skon.ma 'skøn.ma 'skøn.ma           
964 V to be tired *glad.pa 'χlat.pa 'xlat.pa           
967 V to grind ’thag.pa 'tʰaq.pa 'tʰaq.pa           
970 V 

to light, to 
ignite 

spar.ba 'spar.ba 'spar.ba           
974 V to walk ’grul.ba 'ndrʊl.ba 'drɶl.ba           
983 V to harm gnod.pa 'χnot.pa 'χnot.pa           
985 V 

to be clean, 
pure 

dag.pa 'ɗaq.pa 'dak.pa           
987 V 

to assign a 
name 

btag.pa 'taq.pa 'taq.pa           
992 V to straighten srang.ma 'strãŋ.ma 'straː.̃ma           
993 V 

to destroy, to 
raze 

?? 'çte.ʋa 'xte.β̞a           
996 V to ride (var) ?? 'dʐrʊn.ma 'dʐrʊn.ma           
997 V 

to laugh, to 
get wild 

rgod.pa ᵊ'rɡot.pa 'rɡot.pa           
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998 V 
to survive, to 
be nourished 

gson.ma 'χsøn.ma 'xsøn.ma           
1000 V to be ripe smin.ma 'smɪn.ma 'smɪn.ma           

1013 V to drip 
’dzar.ba † /  
gzar.ba † /  
bzar.ba † 

ᵊ'ʁzar.pa 'ʁzar.ba           

1014 V to deprive 
sgag.pa / 
bsgags.pa ᵊ'zɡak.pa ᵊ'zɡak.pa           

1018 V 
to leak, to 
drip 

thig.pa 'tʰik.pa             
1021 V 

to devour, to 
swallow 

mid.pa 'χmɪt.pa 'χmɪt.pa           
1023 V to entangle ’khris.pa 'ʈʰrɪ̥s.pa 'ʈʰrɪ̥s.pa           
1024 V 

to wear 
(clothes) 

gon.ma 'ɡʊn.ma 'ɡʊn.ma           
1030 V 

to smell 
(trans) 

dri.bya 'tri.bya 'tri.bya           
1032 V to shave ’breg.pa 'blaq.pa             

1034 V 
to dry, to 
evaporate 

rad.pa ? 
(Ladakhi: 
ras.pa) † 

ᵊ'rʌs.pa 'rʌs.pa           

1039 V 
to fight, to 
wrestle 

’khril.ba 'ʈʰrɪ̥l.ba 'ʈʰrɪ̥l.ba           
 N    77  63  72  93  74  96  87 

 A    8  7  26  12  10  12  12 

 Num    9  0  0  0  0  11  0 

 V    36  32  14  3  2  5  5 
 Total    130  102  112  108  86  124  104 
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