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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 (c2); disyllabic verbs, in contrast, are stressed on c1.

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 62 stress for nouns, adjectives, and numerals, and a

contrasting pattern of o1 stress for verbs.

XV



I also provide a robust statistical analysis of the acoustic correlates of stress in
these two dialects. The 62 stress observed in nouns is conveyed by “pitch” in Balti,
and by both “pitch” and “pitch slope” in Rebkong Amdo. The o1 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 FO-related parameters (pitch and pitch slope) are the
primary cues for 62 stress in nouns for both Balti and Amdo indicates that FO was
also prominent on 62 of Proto-Tibetan nouns. I use the term “historical comparative
acoustics” to refer to this method of reconstructing proto acoustic patterns.

The prominent FO reconstructed for 62 of Proto-Tibetan nouns accounts for
constraints on tone patterns long-observed and long-unexplained in the
geographically central dialects. There, tone on 61 can be either L or H, but tone on 62
can only be H. I offer a new explanation for this 62 H tone: it is an acoustic reflex of
Proto-Tibetan stress. The pattern of FO 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 (62), 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 (c1), 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
o2 stress for disyllabic Proto-Tibetan non-verbs, and a pattern of 61 stress for

disyllabic Proto-Tibetan verbs.



Furthermore, through a method I refer to as “historical comparative
acoustics™', I reconstruct the acoustic correlates of these proto stress patterns: the 62
stress of Proto-Tibetan non-verbs was conveyed by pitch and pitch slope, while the
ol 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?

! I thank Bernard Comrie for suggesting this term.



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.



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 T6 (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



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



in Bielmeier 1988b; Rona-Tas 1966). Balti and Rebkong Amdo are both Archaic
dialects, while Tokpe Gola is an Innovative dialect.

As originally defined by Rona-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.””

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 8" 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 9™ 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

“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 8" 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.



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.” 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 7t
century, King Songtsen Gampo commissioned the scholar Thonmi Sambhota to
develop a writing system for the language. The alphabet he developed is based on an
Indic script of that period. Tibetan orthography was then standardized in the 8™ and
9™ 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

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.

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.



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’ Qi‘w'

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

onset cluster and coda largely preserved.’

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.'00] mu.rdo ‘border’



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 [dup], with a low falling

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

[d]. 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’ =& skar.ma is pronounced [xkar.'ma] with strong second-

syllable stress in Rebkong Amdo, an Archaic dialect, but [ka.ma] 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.



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 9™ 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 |
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 [ 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. 1
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 [ 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 [ron.man.do]. Both of the subjects whose recordings I used for

acoustic analysis in this study were speakers of this variety.
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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 39"

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.’

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 %2 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 [PA
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), 1
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 61 and of 62,
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).”

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 61 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 61 stress or low tone on

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

Of course, tone is not relevant to Balti or Rebkong Amdo, but including such words will facilitate
comparative work in the future.
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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: [n] = [w]. This occurred frequently in Balti, in

words such as [k"auj.'ma] kang.pa ‘house’ and [*sdiiuj.'ma] gdung.ma ‘beam’, and in
Amdo in words such as [°na.'mouy] rnga.mong ‘camel’; (c) syllables in which a vowel

was highly fricated before a fricative coda, as in 62 of Amdo [°r¥.'dvy] 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 ([dz] or [d3]) and from the
IPA voiced palatal stop [j], both of which are also used in this project. For the palatal

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

Whylie 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)®, 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 62, while verbs are stressed
on c1. 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

§ 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 ° ‘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

? “*” 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. |
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 FO over an interval,
while “pitch slope” is the change in FO 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)."° 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

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 "'

Measurement span

Acoustic Average over Average over Value at Maximum
feature full nuclear mid 50% of midpoint of
value
vowel nuclear vowel nuclear vowel
Vowel duration v NA NA NA
(msec)
Pitch (Hz) v v v v
Intensity (dB) v v v v
Pitch slope
v
(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
Time step (sec) 0.0 (= auto)
Pitch Pitch floor (Hz) 75
Pitch ceiling (Hz) 350
Minimum pitch (Hz) 75
. Time step (sec) 0.0 (= auto)
Intensity Averaging method energy
Subtract mean yes
Formants (burg) Max number of formants 5
Maximum formant (Hz) 5000

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 [¢sam.'ba] zamba ‘bridge’
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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 (‘0’) 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: ‘I’ 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.

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 [[Jt[]ay.'ma] and
[xt[Jan.'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[ally.mal]]. 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.

36



Figure 2.2 Full Praat textgrid: Rebkong Amdo word [¢sam.'ba] zamba ‘bridge’
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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 [ 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 lan 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 '/g 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).
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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

open syllable
c. closure type 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 (¢) is relevant to the analysis of vowel

duration.

Table 2.6 Word properties coded

Factor Levels Basis for coding
a vowel quality contrast se_lrne.vowels IPA tr.anscription in the
) different.vowels textgrid
lower.higher .
b.  vowel height contrast higher.logwer vowel height coded for
. each syllable
same.height
open.open
. closure type contrast closed.closed syllable closure type
' open.closed coded for each syllable

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 c1, greater on 62, or about the same
on both syllables. This 61-62 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 61 as occurring to the left, and 62 as occurring to the right. As
much as possible, I arranged calculations and graphs according to this 61-62 / 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 61 from the value measured in 62. For instance, in assessing pitch

difference across syllables I use the equation pitchs, — pitchg, rather than vice versa.
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Thus in the Balti verb ['min.ma] ‘to give’, where the pitch on o1 is 144 Hz and the
pitch on 62 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 61 is on the left side of a word; positive numbers are on the right side of the

number line, and 62 is on the right side of a word.

Figure 2.3 Syllable position and the number line

c1 G2

negative positive

Thus it is easy to remember that a negative pitch difference means that pitch is
higher on the 1, and a positive pitch difference means that pitch is higher on 2.

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 ¢1, and a positive difference indicates

a longer vowel in 62.

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 62, and the y-axis shows the
value for 1. The dashed line represents all theoretical cases in which the pitch
measured in o1 is equal to the pitch measured in 62. The few points which plot to the
left of the dashed line have a higher pitch on 1. Again, this should be easy to
interpret, because in our writing system o1 is to the left. All points which plot to the
right of the dashed line have a higher pitch on 2.

What we see in the graphs above is that — with only a handful of exceptions —
pitch is always higher on 62 of AR 04 nouns. This acoustic pattern is consistent with
my perception of 62 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 62 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 4 — pitch 41, 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 c1; all words which plot to
the right of the vertical line — with a positive pitch difference — have a higher pitch on
02. It is easy to see that all the verbs have a higher pitch on ¢1, and all the non-verbs
(nouns, adjectives, and numerals) have a higher pitch on 62. 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
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The y-axis in this graph shows the difference in intensity across syllables:
intensity,,; — intensitys;. All words which plot below the horizontal “Intensity
difference = 0” line — those with a negative intensity difference — have a higher
intensity on o1; words which plot above the horizontal line — those with a positive

intensity difference — have a higher intensity on ¢2.
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It is easy to see in this case that all verbs have a higher intensity on 1. Thus
there is a correlation between intensity and the o1 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 62 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 62 of AR 04 nouns, and is thus a consistent correlate of the
perceived o2 stress. Likewise, Figure 2.5 above shows unequivocally that both pitch
and intensity are higher on o1 of BSh 03 verbs, and are thus consistent correlates of
the perceived o1 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 1, and about half have a

higher intensity on 62, for both isolation and frame forms.
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Figure 2.6 Inconclusive intensity data
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All we can conclude from the pattern here is that intensity does not always

correspond to the o2 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 a/l 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.



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."° 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
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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 62. 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 62, 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 o1 than on 62. 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 62 is open or closed. In Rebkong Amdo, pitch slope is a
robust cue for 62 stress in the isolation forms of non-verbs, as demonstrated in

section 5.3. When 62 is open, the slope is borne entirely by the vowel, as is the case
in [ts"a.'k¥] tshwa.khu ‘salt’ shown in Figure 2.8 below. Here, the average pitch over
the medial 50% of the vowel in 62 is 190 Hz. This value is compared to the average
pitch over the medial 50% of the vowel in 61, 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 62 open: [ts"a.'k¥] tshwa.khu ‘salt’
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When 62 is closed, the pitch slope is distributed across the full rhyme, as

shown for ["mai.'k"vn] 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 62 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 62 closed: AR_04 ["mai.'k"¥n] sman.khang ‘hospital’
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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 62 —

the vowel in 62 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 61 for about half the verbs, and longer in 62 for
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the other half. This suggests that there is no correlation between vowel duration and

the perceived o1 stress pattern.

Figure 2.10 Inconclusive vowel duration data (circles indicate compensatory
lengthening on c1)
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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 o1 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 [*'szar.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
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Since all fourteen of the [a.a] verbs have a [closed.open] syllable structure,

there are two factors which favor a longer vowel in 62, 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 62
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 1. 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 61 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 (Ay/
AX) 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

o2 stress — is the word ["°B3t.'ma] glang.ma ‘alpine willow tree’, illustrated in Figure

2.12 below. In o1, 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 62, 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 / 61 upward, 62 downward: AR_04 [*°E3:.'ma] glang.ma ‘alpine
willow tree’
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In this case, pitch in o1 slopes upward, while pitch in 62 slopes downward. Of
course, there are other possibilities: downward in 61 and upward in 62, 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 61 from the measurement in
62. In the case of the isolation form of [**B3:."'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 62 is “below” the vector representing 1. Or we can say that the slope in
02 is “more downward” than the slope in o1. Crucially, a negative difference in pitch
slope values thus means that slope is more prominent in 62. (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 61.)

Such a relationship between vectors does not always require an upward slope
in 1. For instance, in [xtax.'tex] rta.lcag ‘horse whip’, shown below, pitch slopes
downward in both syllables — in 61 at -14 Hz/100msec, and in 62 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 / 61 downward, 62 more downward: AR_04 [xtax.'texy] rta.lcag
‘horse whip’
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We can again say here that the vector representing 62 is “below” the vector
representing c1, or that pitch slopes “downward more steeply” in 62 than in 1. This

relationship is illustrated graphically in Figure 2.15 below.
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Figure 2.15 Pitch slope values for [xtax.'t¢x7y] rta.lcag ‘horse whip’
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Cases like the two shown above — where pitch slope is “more downward” in

02 than in 61 — are the most common types in my data. In a small number of words,

pitch slope is “more downward” in 61 than in 62. These differences are usually small,

as we see in the pitch trace for [xk¥.'pa] skud.pa ‘thread’ shown Figure 2.16 below.

Here, slope was measured as -39 Hz/100msec in 61, and -28 Hz/100msec in 62, for a

difference of (-28) — (-39) = 11 Hz/100msec.
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Figure 2.16 Pitch slope / 61 more downward, 62 downward: AR_04 [xk¥.'pa] skud.pa

‘thread’
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This positive difference in pitch slope can be described by saying that the

vector representing 62 is “above” the vector representing c1, or by saying that pitch

slope is “more downward” in 61 than in 62.
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Figure 2.17 Pitch slope values for [xk¥.'pa] skud.pa ‘thread’
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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 62 are represented on the x-axis, and measurements for
ol 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
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The x- and y-axes divide the graph into four quadrants which represent
different relationships between pitch slopes in 61 and 62. 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 61; all points falling below the x-axis have a
downward slope in 61. All points falling to the left of the y-axis have an upward
slope in 62; all points falling to the right of the y-axis have a downward slope in 2.
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 1 pitch sometimes slopes upward and sometimes

slopes downward; in 62, 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 ["°B3:.'ma] glang.ma ‘alpine willow tree’ — shown in Figure 2.12 and

Figure 2.13 — plots in quadrant (b), at (62, o) coordinates (-40, 4.73).

Figure 2.19 Pitch slope relationships
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In the graph on the right in Figure 2.19 above, the diagonal line represents all

theoretical cases in which the slopes in 61 and 62 are equal. This includes cases in

which pitch slopes downward in both syllables — i.e., words that would fall in

quadrant (¢) — 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 62 — i.e., the vector representing ¢2 lies below the vector
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representing o1. 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 61 — i.e., the vector representing 62 lies above the vector representing
ol.

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 62

—1i.e., the vector representing 62 lies below that representing 1. This was the case for

the noun [xtax.'texy] rta.lcag ‘horse whip’, shown in Figure 2.14 and Figure 2.15; the

62, o) coordinates of this word are (-56, -14). The noun [xk¥."pa] skud.pa ‘thread’ —
P P

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 61 than in 62 — i.e., the vector representing 62 lies above that representing

ol.
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Figure 2.20 Pitch slope relationships in quadrant (c¢)
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In summary, the graph in Figure 2.18 tells us that, in o1, pitch sometimes
slopes upward and sometimes slopes downward; in 62, pitch always slopes
downward (with one exception); and pitch slope is almost always “more downward”

(i.e., more prominent) in 62 than in c1.
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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 , — pitch 5;. The one or two nouns which plot to the
left of the vertical “Pitch difference = 0” line have a higher pitch on c1; all the rest
plot to the right of the line, with a higher pitch on 62, 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
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The y-axis in the graphs shows the difference in pitch slope across syllables:
slopes, — slopes;. In words which plot below the horizontal “Pitch slope difference =
0” line — those with a negative slope difference — pitch slope is “more downward” in
02 than in 61. (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 ¢1 than in 62.

Most nouns in Figure 2.21 plot in the lower right quadrant, where both pitch
and pitch slope are more prominent in 62, 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 62, 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 62 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 62 stress. (If it were, points
would fall well to the right.) However, in these words pitch slope is always more
prominent in 62, with points falling well below the horizontal “Pitch slope difference
=07 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 1
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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 62. The same data is shown in the box-and-

whisker plot at right.

Figure 2.23 Boxplot illustrating distribution of pitch measurements
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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

» 14 the boundaries of the lower and

the R documentation for “Box Plot Statistics
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."” For the 77 BSh_03 nouns above, the median calculated for o1 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
15

http://www.r-project.org/; R Development Core Team (2007)
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 25™ or 75"
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 1
(108 Hz) and the median pitch of 62 (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
ol value corresponds to one particular 62 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 61 — the outlier at 135
Hz — might correspond to the lowest pitch value measured on 62 — the bottom of the
whisker, at 110 Hz. That would suggest the existence of a particular noun whose pitch
was higher in o1 than in 62, by 25 Hz. In fact, there is no such noun; pitch is always

higher in 62, 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 61 of BSh_03 nouns fall within a
narrower range than do pitch values measured in 62, 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 61 and 62 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 62 than in 1. At right, though, the distributions of pitch
measurements in 61 and 62 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
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In fact, though, for adjectives as well as for numerals, pitch is always higher
in 62 — 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 o1 and 62 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 1 and 62 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 107 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)

Mean 95 % conf. limits
Speaker Lex Cat t DF p-value diff (Hz)  lower upper
numerals 15.3106 8  3.287e-07 21 18 24
BSh_03
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 62, and that the
difference in pitch across syllables is statistically significant. Since both numerals and

adjectives are stressed on 62, 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)

Mean diff 95 % conf. limits

Vowels t DF p-value (dB) 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 62 is, on average, 1.8 dB greater than
intensity on o1, indicating a correlation with 62 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 62 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 0 ol median 02 median Difference
P (Hz/100msec) (Hz/100msec) (62 —ol)
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 62 pitch
slopes between -10 and -15 Hz/100msec comprise less than 8% of the total, but nouns
with 62 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 Just-noticeable-  Weak Meaningful
parameter difference difference difference
Pitch 1 Hz 5 Hz 10 Hz
Intensity 1dB 2dB 5dB
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 [ 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’
BSh 03 03 01 02 0977 goat alternate form
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Measured over the medial 50% of the vowel, pitch is 104 Hz in 61 and 132
Hz in 62. The 28 Hz pitch increase from o1 to 62 serves as a strong cue for stress.
Pitch slope is 0.52 Hz/100msec in 61, and 12 Hz/100msec in 62, so slope is “more
upward” in 2. This upward slope in 62 has nothing at all to do with stress; it merely
reflects — and is an extension of — the overall increase in pitch from o1 to ¢2. 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 62 is in sharp contrast to

the overall rise in pitch from o1 to 62; it stands out against its context. This is

illustrated by the pitch trace for the isolation form of the AR _05 noun [k"a.'t¥x]

kha.btags ‘khata, offering scarf” shown in Figure 2.27 below.

Figure 2.27 Contextually significant pitch slope: AR_05 [k"a.'t¥x] kha.btags ‘khata,
offering scarf’

AR_ 01 05 01 03 0253 khata offering scarf
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When Sun (1986: 58) refers to *“ a high-falling tune ” as a perceptual cue for

o2 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 62 may be particularly
salient precisely because it is juxtaposed against a “low” overall pitch level in 61

compared to 62.

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 1

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 o2 of disyllabic nouns, adjectives, and numerals, and on o1 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.'®

One element of Zhongu that is relevant here is that Sun distinguishes between
a 62 stress pattern in disyllabic nouns, and a 61 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 pa‘[terns.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 [se-nd] 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 62. His examples of disyllabic verbs

include two Noun + Verbalizer constructions — [pé-le] bag.len (bride+take) ‘to marry

a wife’, and [nd-ne] rna.nyan (ear+listen) ‘to listen’ — but none which could be

interpreted as an infinitive / verbal noun / citation form. In his glossary, for example,

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).

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 [k"] ‘khur, rather than something like ['k"ur.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-ra]

‘ideophone mimicking moving currents’ vs. [me-1d] 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) '®.

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-0”, but “po-

lo”; likewise in the word gor-gyal-chan (disobedient) equal
emphasis must be placed on each syllable.

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. Igbal, 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."”

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 62 stress I
observe in disyllabic non-verbs is explicitly accounted for by this description. The c1
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-*° (mostly interjections or borrowings)

and deictics beginning with de- or e-. Other autochthonous disyllabic words marked

Perhaps Read was attending to vowel quality, rather than stress? But that is mere conjecture.
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).

20
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explicitly with o1 stress include braa-shing *brad.shing? ‘rake’, daaman Ilda.man’'

‘small drum’, kuru ku.rug ‘colt of an ass’, phaDing ‘dried apricots’, and tsut-mo

?.mo “doll’. I did not happen to elicit any of these words in my own work.?

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 (if) 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 (0), which seems to be lexically unique).

21

22

According to Bielmeier (p.c., 2008), this word is a loan, and the spelling provided in Jaeschke
([1881] 1958: 289a) is secondary.

Sprigg’s dictionary also includes a number of trisyllabic lexical exceptions which are stressed on
cl:e.g., ga-ba-r-met ‘nowhere’ and kaaDo-shing k#a.fo.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., daltimur 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
e. -l gen of, -’s, -8’ 77
f. -ing in 78
I. g -la at, on, to, for 95
j. -na from, with, and; when, and then 119
u. -tu loc, equivalent to ‘-wards’ 172
b. «ci any, a certain, some 46
II. q -re equivalent to -ful, -ish 136
t.  -tsa (I, ‘some’) [some, about ?] 168
c. (-s)-e participial, equivalent to -ing 55
118 . .
d. -en pres part, equivalent to -ing 55
a. -can ‘having’, ‘-able’ 39
v, - -sang particle also, too, even 148
" s. -shik imp please do it 152
0. -phun [only in bila-phun ‘butterfly’] 131, 30
h. -mo (except bruk-mo)  female, equivalent to -ess 117,33
i.  -mo (pron. [-ngo]) [see -mo (I), -mo (II), -mo (I11)] 117
V. m. -pho adjectival suffix (pron. [-fo]) 129
p. -po suffix designating concrete nouns 132
n. -phu young one, of animals 130
VI k. -pa(ID) inf, equivalent to ‘to’ 126
L -pa(V] 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 |
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 (VLk), 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-

mo (which seems to occur only in the quadrisyllabic compound lha-moé bruk-mo
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‘fabulous golden-haired woman, wife of Gesar’; 2002:101) as an anomaly stressed on
02. 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 61, while pitch is more prominent on 62. 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 o1 are what Sprigg noted as stress; this, in
turn, may have led him to identify 62 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 [-0], and since [a] is the most common vowel in Tibetan, the result is a
high frequency of words with an [a.0] / [lower.higher] vowel height contrast.

Sprigg’s account of exception (V.1) 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 62, rather than on o1. These included some

of Sprigg’s examples with -mo (I): bu-mo bu.mo girl, daughter’ and n6-mo no.mu

‘younger sister” were pronounced, in my recordings, as [bu."jo] and [no."jo] **. 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’? **,
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 61 is rtsis-

po rtsis.po ‘number, account’.

» Asnoted in the preceding paragraph, Sprigg identified lha-mo /ha.mo ‘goddess’ as a lexical

exception to his proposed phonological alternation, pronounced [ [Ja.'no] rather than ['Ja.no]; 1,

too, found this word to be stressed on 62.
# 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.

103



Finally, exception (V.n) -phu is a diminutive suffix. As examples, Sprigg
offers bila-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-phu-u /ug.phru ‘lamb’, and ITing-phu lteng.phru ‘small shallow

well’. I recorded several words with the related diminutive suffix -phrug from

speakers AR 04 and AR 05: [¢a.uriy] and [¢a.riy] bya.phrug ‘baby bird, chick’;

[lo.riwg] lu.phrug ‘kitten’; and [°13:.tiy] 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 61 and pitch is higher on 62. 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 [p"ru."¢ra] phru.phra

‘children’; in this case, both pitch and intensity are higher on ¢2.)

In all of the above, then, Sprigg accounts for his perception of prominence on
ol by suggesting that 62 is a non-stress-bearing suffix. For a large majority of these
cases, I suggest that his perception of prominence on 61 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 ¢1. Instead, in these control cases, pitch and intensity

are higher on 62, indicating 62 stress.”

Table 3.2 Balti [0.0] nouns and adjectives

A Pitch A Int A Pitch slope

Speaker  Gloss WT IPA (Hz) (dB) (Hz/100msec)
BM 01 girl bu.mo 60o.mo 25 0 -43
thick, fat ~ shom.po  bom.'bo 2 1 -39
BSh 03 thick, fat  shom.po  bom.'bo 19 4 9.8
rare dkon.po ?  sken. 'mo 17 1 21
high mthon.mo thon.'mo 21 2 22

An entirely different situation is presented by exception (VL.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 o1 stress which is so strongly and consistently perceived and

acoustically manifested in verbs. In this case, though, I think the c1 stress on verbs is

¥ T 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 ['t"aq.pa] 'thag.pa ‘to grind’ and ['ynot.pa]

gnod.pa ‘to harm’— verbs with other morphological structures. These include
N+Vblzr forms like ['lut.tan] lud.btang (manure+send) ‘to spread manure’ and

['sna.bya] rna.bya (ear+do) ‘to listen’, as well as N + V compounds like ['zgo.teuk"]*

sgo.bcug (door+close) ‘to close a door’ and ['za:n.za] zan.za (food-+eat) ‘to eat food’.

In these cases the morphemes in 62 are richer in phonetic and semantic content than
Sprigg’s set of non-stress-bearing suffixes, and are not counted among them. Thus o1
stress cannot be explained as a shift in placement from 2. Vowel quality does not
play a role either; in all of these words, pitch and intensity are higher in c1 than in 62
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 ¢1, in contrast to the

non-verbs.

Both Sprigg and Bielmeier noted a handful of minimal pairs in Balti in which

verbs stressed on 61 contrast with nouns stressed on 62 —e.g., Sprigg’s verbal noun /

infinitive / citation form ['rgos.pa] dgos.pa ‘needing / to need’ vs. the noun [rgos.'pa]

% The final aspiration here is quite unusual, but this is indeed how the speaker produced this token.
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27 ¢

dgos.pa ‘need’, and Bielmeier’s ['xlat.pa] *glad.pa “* ‘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, Bieclmeier
again reports 62 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 2.

2T 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 62, while disyllabic verbs are stressed on 1.

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.*®

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.

2 Or — perhaps more useful — an inventory of syllable onsets and rhymes.
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Table 3.3 Balti: inventory of simplex consonants *

bilab ap-dent retro pal post-pal velar uvular
p t t k q
ph {h th Kh
b d q g

ts ts t¢

dz dz, dz

s S ¢ ¢ X X

z Z, % K
m n ny 1

.

k1

rr
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.)

¥ Asnoted in section 2.1.3, in my transcriptions, I use [ny] rather than IPA [n], 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- Pte-

V- vd-

d- dzr-

s- sp- st- sk- sm-  sn- sp-
z- zb-  zg-

s- st sk-

¢- ot- ¢l

X- xt- XS- x1-

X- xm-  yn- s oxl- xp-

m- mb-

n- nd- nz-

- ng-

I- rd- rg- ry-

K- KZ-

{- {ts-

T pr-  br- -  kr-  tsr-  ndr-  dzr-  str-
-1 bl- cl- xI- x1-

-y py-  spy- by- sky- gy- rgy-

Vowels are shown in Table 3.5.

Table 3.5 Balti: vowel inventory

u
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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 [6].

Aspiration in the velar [k"] is often so strong as to sound like [k*].

Table 3.6 Rebkong Amdo: inventory of simplex consonants

bilab lab-dent  ap-dent retro pal post-pal  velar uvular glottal
p t t c k
p" {h Kh
b d g
ts ts te
ts” ts” te"
dz dz, dz
f S 5 ¢ ¢ X x h
gh §h Gh h
v z Z, A E
m n ny
m n
1l
k t
ror
w v y w

Table 3.7 below provides an inventory of consonant clusters noted in my data.

Clusters beginning in [*-] are discussed in section 3.3.2
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Table 3.7 Rebkong Amdo: Inventory of consonant clusters

k- ks-

d- dzy-

¢ ct- ¢s- cts-  ¢te-

X- xt- xts- XS- xte- xcy-  xk-
X xk

h- hog. g hoy Mo ol hop_
n- nt- nd- nts- ndz- nte-

n- k-  pg-

The vowel inventory is shown in Table 3.8 below.

Table 3.8 Rebkong Amdo: vowel inventory

Reduced vowel allophones — [1], [i], [¥], and [A] — are very common in

Rebkong Amdo, and lip-rounding is not very pronounced even in [0], 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 [oi]. These are only

found in 61, and only in words in which o1 has an alveolar coda in the Written

Tibetan form. Examples include ["mai.'’k*¥n] sman.khang ‘hospital’, [*lai.'pa]
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klad.pa / glad.pa ‘brain’, [tsoin.'ma] btson.pa ‘prisoner’, [xoim.'bo] dpon.po ‘official,
chief’, and [ntgai.'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

ol c2
V_ %k
open CV- -CV
CCV- -CCV
CVC- -CVC
CCVC- -CCVC
closed 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

Examples
Template
Lex cat Syllable Word WT Gloss
\% N ?0- ?0.'spis ‘0.spri cream
tea- tea.'p"e Jja.phye tea flour
N
-ga ctaz.'ga rta.sga horse saddle
v * * % k
\Y
-za 'zan.za zan.za to eat food
sta- sta.'re Sta.re axe
N * % k *
(6/6)%
Zgo - 'zgo.teuk sgo.bcug to close a door
v
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

Examples
Template
Lex cat  Syllable Word WT Gloss
mak- mak.'pa mag.pa bridegroom
N
-tek ba.'tek ? frog
cve . . h see .
zik- 'zik.p"a jigs.pa to be afraid
v % k % k
zbuk- zbuk.'pa sbud.pa bellows
N
- rlat ngo.'rRlat mgo.glad brain, mind
CCVC
stun- 'stun.ma srung.ma to keep, protect
v
- dteos 'zan.tcos zan.bcos to cook food
stren- stren.'ma sran.ma pea
N
-stri bu.'stri bu.srin woman
CCCvC ) ) g
strang- 'stran.ma srang.ma to straighten
v * % * *
N -thays gon.'t"ays dgong.? evening
cvce A tSoBs- tSoEs.'tsox 1sogs.tsogs same, alike
AV * * * *
N t"afin- t"afin.'bon thang.bong donkey
CvVVC A lear- lear.'mo legs.po good
\Y% zan- 'zamn.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

ol o2

V_ %k

CV- -CV
open CCV- CCv

CCVV- *

CVC- -CVC

CCVC- -CCVC
closed 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, [ 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 62. Their absence here reflects the limitations of my sample.)
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Table 3.13 Rebkong Amdo / Examples of open syllables

Examples
Template
Lexcat  Syllable Word WT Gloss
\% N o- 0.'ma ‘'0.ma milk
t"o- t"o.'pa thod.pa forehead, skull
N
-g0 “vuun.'go pus.mgo knee
CcvV
vu - 'vu.dzop wu.brgyab to shoot a gun
v * *k * *
xky- xkx.'pa skud.pa thread
N * * * *
CCvV
nta- 'nta.hen mda’. 'phen to shoot an arrow
v * * * *
sai- sai.'ma sran.ma soybean, legume
CVVv N * * * *
AV4 * * * *
ctai- ¢tai.'mo ltad.mo show, spectacle
CCVV N * * * %
\Y4 * % % k

Examples of closed syllables are provided in Table 3.14 below.
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Table 3.14 Rebkong Amdo / Examples of closed syllables

Examples
Template
Lex cat  Syllable Word WT Gloss
lex- lex.'ka las.ka work
N
-kil p"ar.'kil pha.skad father tongue
cve babs /
o wh gangs.babs :
v k"An k"An.bap thabababs 2 © SOW
-hen 'nta.hen mda’. 'phen to shoot an arrow
xtsam- xtsam.'ba rtsam.pa tsampa
N
- hmm xtsa.'hmim rtswa.sman medicinal plant
ccve " - .
’nam- °nam.bav gnam.babs to rain
\%
- teyyv Be.teyv lan.brgyab to answer
N xkarn- xkarn.'da skar.zla shooting star
CCvcCcC
AV * * * *
N xoim- xoim.'bo dpon.po official, chief
CVVC A ts"oim- ts"oim.'bu tshon.po fat
\Y4 * % % %
N hmain- hmain.'tsa sman.rtswa medicinal plant
CCVVC A xkoim- xkoim.'bu dkon.po rare
AV * % * *

*  Not attested in my data.

In a number of words I transcribe an [*-] or [*>-] 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.”® 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 [°ri.'md]

ri.mo ‘drawing, picture’, shown in Figure 3.1 below.

3 These are reminiscent of the sesquisyllables described by Matisoff (1973).
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Figure 3.1 [°-] preceding a voiced 61 onset: AR_04 [°ri."m0] ri.mo ‘drawing, picture’

AR 01 04 01 02 0292 drawing picture

T

.

250 ; | TR T
(I L p‘-..'llﬂ! lt”lF =

2007 At 5
[} w
T Z
= 150 Z
2 —_
= ' =
= 100{ &

50

isl is2
ar i m 0
10.03 10.87
Time (s)

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 [[][Jzar.'md]
gzar.mo ‘steep’, shown in Figure 3.2 below. The onset sequence [[|[1z-] corresponds

to the WT cluster gz-.
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Figure 3.2 [™-] corresponding to a WT cluster: AR _05 ["zar.'md] gzar.mo ‘steep’

AR 01 05 02 02 0393 steep

175

1504

1254

Pitch (Hz)
(gp) Aisuau]

100+

(ha) |z a r| m 0

14.52 15.61
Time (s)

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 Balti*', 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 fta ta xta

3! One of my Balti language consultants provided me with a single surprising minimal pair: the

words [rall] WT ‘goat’ and [rall] 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 [ral]] ‘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 [rall] 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 [ta] 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 [t3] rta ‘horse’

TG__06_arrow_horse_mp

dﬁﬂ"¢

||l|

Pitch (Hz)
(gp) Ansuaiuj

M. “I'hh

0.1247 0.9874
Time (s)

For vowels in the same two words in Balti, however, the difference in average
pitch over the vowels in [nda] mda’ ‘arrow’ and [#ta] 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 [ita] rta ‘horse’

BM__ 01 arrow_horse_mp
200 T

— - ri 5
o 1501 ' g
b W z
= g
~ 1004 &

50

arrow horse
nd a i t a
153 Hz 159 H7
0.0998 1.696
Time (s)

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’

AR__ 05 arrow_horse_mp

Pitch (Hz)
(gp) Ansuauj

0 1.847
Time (s)

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 7" 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 mé: "men
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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 [mé:] sman
‘medicine’

TG__ 06 fire medicine_mp

TITTTET T E 90

Pitch (Hz)
(gp) Ansuau]

medicine
m € m e
120 Hz 133 Hz
0.01421 1.53

Time (s)

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’

BM__ 01 _fire_medicine_mp

Pitch (Hz)
(gp) Ansuaiuj

medicine

m e S mj|ja| n

0 1.671
Time (s)

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 [h*’msn] sman
‘medicine’

AR__ 05 fire medicine_mp

o

HIETRE
nnnnn

4

Pitch (Hz)
(gp) Ansuauj

n vi (o) | m | & n

125 125 Hz
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Time (s)

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]Jone of any kind is completely lacking
...syllables of all types invariably carry a high falling pitch 53.7** 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 [¢na] sna ‘nose’ and [te"¥y] 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 [pna] Sna ‘nose’ and [tchiyl khrag
‘blood’

AR__ 05 nose+blood

200 90
< 5
N 150 -70 %
= ‘E‘.‘
2 =
Z 1004 50 =
,,,,,,, @

50 30

$? | n| a tch| vy X
131 Hz 131 Hz
0.3993 2231
Time (s)

What is interesting here is that when these monosyllabic words are combined

to form the compound ["na.'t¢iy] sna.khrag ‘nose blood, bloody nose’, an entirely

different pitch pattern emerges, as illustrated in Figure 3.10 below. In o1, pitch is
fairly flat across the vowel; in 62, 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 ¢2 stress in Rebkong Amdo nouns.

130



Figure 3.10 Rebkong Amdo (AR_05) / Pitch trace [hna.'tciy] sna.khrag ‘nose blood,
bloody nose’

AR 01 05 01 03 0241 nose blood bloody nose
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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 1 and 62. 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 o1, and a falling or low tone on 62,
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

[xs0:] gso / gsos ‘eat’> and [xsel] 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.

3 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 [xso0:] gso / gsos ‘eat’ and [xsol]

gsod, bsad “kill’
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In Balti, too, monosyllabic verbs exhibit the same pitch curves as

monosyllabic nouns. The bare stem forms of the verbs [stor] stor ‘lose’ and [tsel]

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.

133



Figure 3.12 Balti (BM_01) / Pitch traces for [stor] Stor ‘lese’ and [tsel] btsal ‘look for’
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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 62, while disyllabic
verbs are stressed on 61. 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 [ysum]
gsum ‘three’ and [fteu] bcu ‘ten’ are combined to form [teuy.'sum] bcu.gsum

(ten+three) ‘thirteen’ and [sum.'tgu] 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 62; 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 [texb.'d¥n] bcu.bdun (ten+seven) ‘seventeen’ and

["°dvn.'tex] 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 [t¢"¥.'tiy]

chu.thig ‘drop of water’ as well as [t"iy."tex] 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 62, 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 [ylat.'pa] klad.pa / glad.pa ‘brain’ and the

compound noun [ngo.'Rlat] mgo.glad (head+brain) ‘brain, mind’. In the former, the
element corresponding to klad / glad is unstressed, because it occurs in 61; in the
latter, the element corresponding to glad is stressed, because it occurs in 62. Likewise

in the nominalized form [¢es.'k*an] shes.mkhan ‘expert’, the element corresponding

to shes is unstressed, occurring in 61 of a noun, but in the infinitive ['¢es.pa] shes.pa

‘to know’ it is stressed, occurring in 61 of a verb.

Again, similar examples can be found in Rebkong Amdo. In the

monomorphemic noun [thoy.'wa]** thag.pa ‘rope’, stress falls on 62; the semantic

head is unstressed. But in the compound noun [xt[ 1t 0] leags.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.

" 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
o2 stress pattern, as illustrated by the examples in Table 3.17 below. In [ho.'{il]
‘hotel’, the o2 stress in the Balti form is the same as in the English source. However,

when ‘teacher’, ‘bottle’ and ‘thermos’ are borrowed, English o1 stress shifts to Balti

o2 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 o1, since this is
the original vowel. But when the word is produced in Balti, the epenthesized vowel in

o2 is stressed instead; the vowel here is not a phonetically reduced one. Finally, the

trisyllabic word [has.pi.'tal] 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.'til

b. teacher fi.'tgar

c bottle mba.'t¥l

d. thermos t%r.'mug
school su.'kul

f. film ¢i.'lim

g hospital has.pi."tal

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 c1. For such structures, both pitch and

intensity are higher in o1 than in 62, as illustrated in Figure 3.13 below (Apitch = -39

Hz, Aintensity = -11 dB).
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Figure 3.13 Balti cliticized noun (BSh_03) / Pitch and intensity for ['bod.la] bod.la ‘to
Tibet’
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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 (Apitch =

+23 Hz, Aintensity = +5.3 dB).
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Figure 3.14 BSh_03 / Pitch and intensity for [mbloq.'pa] ‘brog.pa ‘nomad, pastoralist’
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Cliticized forms in Rebkong Amdo show the same patterns. Since the locative

clitic [=na] is non-stress-bearing, in the word ['xtsif.na] r¢sib.na ‘beside, at the side

of’, stress falls squarely and prominently on c1. This is illustrated in Figure 3.15

below. (Apitch = -31 Hz, Aintensity = -4 dB).
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Figure 3.15 Rebkong Amdo cliticized noun / Pitch and intensity for ['xtsif3.na] rtsib.na
‘beside, at the side of’
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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 1, and non-verbs are stressed on 2.

One such near-minimal pair is illustrated in Figure 3.16 below. In the verb

['xmit.pa] mid.pa ‘to devour, to swallow’, both pitch and intensity are higher in 61
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than in 62; the converse is true in the noun [ymit.'pay] ?? ‘polo accessory for a

horse’.

Figure 3.16 BSh_03 / Pitch and intensity curves for ["ymit.pa] mid.pa ‘to devour, to

swallow’ and [ymit.'pay] ? ‘polo accessory for a horse’
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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
to stretch \Y 'ckyan.ma brkyang.ma

a. tofill \Y 'skan.ma bkang.ma ?
foot N kan.'ma rkang.pa

b to clothe (trans.) \Y 'sken.ma skon.ma
rare A ¢kon.'mo dkon.po
to wear (clothes) \Y% 'gon.ma gon.ma

© clothing N gon.'tees gon.chas

q to carry \% 'k"ur.ba "khur.ba

" bread N k"ur.'ba "khur.ba

to be tired \Y 'xlat.pa *glad.pa

= brain N xlat.'pa ZZZ,}; Z /

. to arrive \Y% 't"on.ma ‘thon.ma

" high A t"on.'mo mthon.mo

to grind \Y% 'thaq.pa ‘thag.pa

& rope N t"aq.'pa thag.pa

" to assign a name Vv 'tag.pa btag.pa
birch tree N stag.'pa stag.pa
to give (by hand?) V 'min.ma sbyin.ma ?

1. to be ripe Y 'smin.ma smin.ma
eyebrow N smin.'ma smin.ma

) to light, ignite \Y% 'spar.ba spar.ba

) forehead N spal.'ba dpral.ba

" to walk \Y% 'drul.ba ‘grul.ba
vegetable garden N drum.'ba ldum.ra
to harm \Y 'xnot.pa gnod.pa

! ;ﬁcli(efl frson, N nat.'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
to be clean, pure \Y 'daq.pa dag.pa
boss, head man N nday.'po bdag.po
to beat \Y ®rdun.ma rdung.ma
beam N ’gdup.'ma gdung.ma
to straighten \Y 'stra:.ma srang.ma
pea, legume N stren. 'ma sran.ma
to get up, to rise \Y 'lan.ma langs.ma
lama N la.'ma bla.ma
to ride (variation) V 'dzrun.ma 22
guest N dron.'pa mgron.pa
to laugh, getwild V 'rgot.pa rgod.pa
stomach N frot.'pa grod.pa
to su}'vive, to be \% 'xson.ma gson.ma
nourished
digit (finger, toe) N sen.'mo sen.mo
‘dzar.ba /
to drip \Y% ®gzar.ba gzar.ba/
bzar.ba
new N sar.'p"a gsar.pa
to devour, , .
swallow xmit.pa mid.pa
1p;gi(s)eaccessory for N it 'pay 29
to entangle \Y '"r1s.pa ‘khris.pa
difficult A t"r1s.'pa mkhregs.pa
to fight, to wrestle V '"ril.ba khril pa
shame N t"rel.'ba khrel.ba
to shave Y 'blag.pa ‘breg.pa
nomad, pastoralist N blog.'pa ‘brog.pa
to dry, evaporate  V ®ras.pa ras.pa ?
bone N °rus.'pa rus.pa
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Interestingly, with the exception of [nat.'pa] nad.pa ‘sick person, patient’ and

['xnot.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 ['rgos.pa] ‘needing / to need’ vs. the noun [rgos.'pa] ‘need’. Yetin 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 [k"ur.'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.”

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 [sar.p"a] gsar.pa ‘new’, the 61 vowel is

longer and has a higher intensity than the 62 vowel, but the 62 vowel has a higher

¥ Ttis 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 62 stress on non-verbs and c1 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 teu.'t"ik.pa chu.thig.pa N+N [c1]+ [02. 63] ?
kitten bi.'la.p"ru byi.la. 'phru N + Dimin [61.62] + [03]
limbs lak.'pa. kd.ma  lag.pa.rkangma  N+N [01.62] + [03.04]
to ride a horse  'sta. zon.ma rta.zhon.ma N+V [c1] + [062.03]

to lighta fire  'me.spar.ba me.spar.ba N+V [61] + [062.63]
talk! converse!  xpe.'ra.toy dpe.sgra.thong N+V [c1.62] + [03]

to rain tehar.'pa.td.ma char.pa.btangma N+V [61.062] + [03.04]

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 °153.wo.tge glang.po.che N + Adj [61]+[02.03] ?
white hair xtea.ka.ru skra.dkar.po N + Adj [61]+ [062.63]
sheep’s head li.Yg.go lug.gyi.mgo N+Gen+N [ol +062]+ [03]
neither

farmer nor °rd.man.doy rong.ma. 'brog N+Neg+N [cl]+ [62] + [03]
nomad

g;‘gite PRyl darteokkaru darlcog.dkarpo N+ Adj [61.62] + [63.54]
crooked xtea.ya.xt¢o.yi kyag.ge.kyog.ge Reduplicated [c1.62]+ [03.04]
to dream nya.lom.nyi gnyid.lam.rmi N+V [61.62] + [03]

to work le.ka.le.'go.ki  las.ka.las.?? N+V+ [61.062] + [63]+?

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 o1 stress observed in disyllabic verbs does not reflect a pattern of initial stress in
verbs of all lengths; likewise the 62 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 62 stress for nouns, adjectives, and numerals, and o1 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 62, in sharp
contrast to verbs, which are stressed on c1. 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’, [bay'mo] bag.mo ‘bride’, and [ra.'ma] ra.ma ‘goat’

— and more than thirty compound forms — such as [le.'mik] /de.mig ‘key’ (?+eye),
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[tea.'p"e] ja.phye ‘tsampa’ (tea+flour), and [p"aq.'fa] phag.sha ‘pork’ (pig+meat).
There was also one reduplicated form ([¢oq.'¢oq] shog.shog ‘paper’), and a few

borrowed words (such as [ti.'t¢or] ‘teacher’ — from English — and [mu.'tik] mu.tig

‘pear]” — a Middle Indian loan from Sanskrit mauktika->°).

From speaker BM 01, I was able to segment and analyze 72 disyllabic nouns.

This set included 39 monomorphemic nouns — such as [°spal.'ba] dpral.ba ‘forehead’,
[63n.'bu] bong.bu ‘donkey’, and [b6o."no] pu.mo ‘girl’ — and 19 compound nouns —
such as [nas.'p¥e] nas.phye (barley+flour) ‘barley flour, tsampa’, [ngo.'rel] mgo.ral
(head-+hair knot) ‘hair on the head’, [°rgyam.'so] rgya.mtsho (vast+lake) ‘big river’,
and [byaf.'zen] bya.bzhon (chickent+egg) ‘egg’. There were also two nominalized

forms — [¢es.'k*an] shes.mkhan ‘wise person; one who knows’ and [#tsan.'k"an]

bslangs.mkhan 1 / ltsang. mkhan? ‘beggar, mendicant; one who begs’ — and a handful

of borrowed nouns, including [mer.'man] ‘foreigner, guest’ from Urdu; [mba.'t¥1]

‘bottle’ from English; and the reduplicated noun [teu.'t¢u] ‘breast’” from Burushaski

(p.c., Bielmeier 2008).
For speaker BSh 03, isolation and frame forms show the same patterns. The
only acoustic cue for 62 stress is pitch, which shows a robust and reliable correlation.

Pitch slope and intensity are definitively not correlates of stress. For vowel duration,

3 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 62 for most nouns, and is again the
most consistent and reliable correlate of stress. Intensity is higher on 62 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 62 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 [t"on.'mo] mthon.mo ‘high’ and [mar.'p"0]

dmar.po ‘red’. A larger set of adjectives (n=26) was recorded from speaker BM_01,

including monomorphemic: [lear.'mo] legs.mo ‘good’; compound: [sno.'ray]
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sngo.rang ‘blue color’ (with rang a loan from Urdu / Persian’”); reduplicated:

[{"ak.'t"dk] ?? ‘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 62
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

[teu.'ruk] bcu.drug ‘sixteen’, and the tens, such as [°waf.'teu] /Inga.bcu “fifty’. In the

pair [teuy.'sum] bcu.gsum ‘thirteen’ and [xsum.'teu] 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.

7 Etymology from Bielmeier (p.c., 2009)
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4.1.2 Verbs

Verbs in Balti Tibetan are stressed on 1, 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 [-p"a] or [-va]. Examples include ['mm.ma] sbyin.ma? ‘to give’;

['k"ur.ba] ’khur.ba ‘to carry’; and ['gte.va] ?? ‘to raze, to destroy’. The latter is the

only one of the citation forms in which o1 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., [gus] ngus ‘cry’; [t"on] thon? ‘arrive’) or as trisyllabic N+Vblzr forms
(e.g., [bay.'ston byas] bag.ston.byas ‘to marry’; [nyi.'lam t"on] nyi.lam.thong ‘to
dream’). Of the disyllabic forms, many included glides (e.g., [*'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 61 — and this despite factors such
as syllable closure and vowel height which are predicted to favor a longer vowel in
02. 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 62 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.
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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

02 stress perceived on non-verbs from the o1 stress perceived on verbs.

Figure 4.1 BSh_03 / Isolation: Pitch contrasts
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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
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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

: FO 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

greater detail in sections 4.2.1.1 through 4.2.1.4 below.

4.2.1.1 BSh_03 Nouns

discussed in

For speaker BSh 03, pitch is higher on 62 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 61, and from ~120 to ~140 Hz for

02. The only exception among the isolation forms is [ngen.'t¢es] 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 1. This consistent correspondence between higher pitch on 62 and
perceived stress on 62 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 61 to 62 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)

Mean diff 95 % conf. limits

Speaker  Setting t DF p-value (Hz) lower upper
isolation 22.0007 76 < 2.2e-16 23 21 25
BSh_03
- 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 62, 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 62 stress perceived on adjectives produced by speaker BSh_03.

Table 4.2 BSh_03 / Adjectives / Pitch: results of paired-sample t-tests (two-tailed)

Mean diff 95 % conf. limits

Speaker Setting t DF p-value (Hz) lower upper
isolation 7.7709 7  0.0001097 18 12 23
BSh_03
B 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 62 — 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
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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)

Mean diff 95 % conf. limits
(Hz) lower upper
BSh 03 isolation 15.3106 8 3.287e-07 21 18 24

Speaker  Setting t DF p-value

Thus for numerals, as for the other non-verbs, pitch is a robust correlate of the

perceived 62 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 1, the stressed syllable.

In the distribution plots, the isolation forms define a clear vertical band: pitch
in ol is highly variable, ranging from ~110 Hz to ~160 Hz, but in 62 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

02 pitch ranging from 87 Hz to 114 Hz.

In isolation, the lone N+Vblzr form — ['za:n.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 o1 stress

in verbs produced by speaker BSh_03.

Table 4.4 BSh_03 / Verbs / Citation / Pitch: results of paired-sample t-tests (two-tailed)

. Mean 95 % conf. limits
Speaker  Setting t DF p-value diff (Hz) lower  upper
isolation -24.3064 34 < 2.2e-16 -45 -49 -41
BSh_03 *
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 62 — pitch is generally higher on 62. For
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the verbs — stressed on 61 — pitch is generally higher on 1. 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
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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 62 — 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 1 and the median pitch of 62.

Figure 4.8 BM_01 / Nouns: Pitch
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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 o1, then the pitch
on 62 would be higher, but still relatively low; if the speaker began a word with a

high pitch on o1, then the pitch on 62 would be higher, and also relatively high. For

instance, [°rya."yan] dga’.mkhan ‘friend’ and [tiv.'¢il] ?.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: [°rya."yan] at (62, 61) coordinates (150, 129), and
[tiv.'¢il] at (194, 170).

One of the factors which influences this distribution is whether the final
syllable of the word is open or closed. When 62 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.*® 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 61 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.

**  1In 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’
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In contrast, in the word [ngo.'slat] mgo.glad ‘brain, mind’, 62 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 61 as 149 Hz, the

difference in pitch across syllables is 25 Hz.
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Figure 4.10 BM_01 / Nouns / Pitch trace: [ngo.'glat] mgo.glad ‘brain, mind’
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Based on whether 62 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 62 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 [dzan.'gel] ‘jungle’ and [k"a.'¢ér] ?? ‘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 62 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 c1, as is the case with [sen.'ma] sen.mo

‘finger’, [thu.'lu] thu.lu ‘eweskin coat’, and several others.

Figure 4.11 BM 01/ Nouns: Pitch vs. 62 closure
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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 62 closure, the pitch contrast is again significant, in both cases

but of course the mean difference is much greater when o2 is closed (24 Hz) then
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when 62 is open (11 Hz). In either case, pitch can be considered a statistically

significant correlate of 62 stress.

Table 4.5 BM_01 / Nouns / Pitch: Results of paired-sample t-tests (two-tailed)

Mean diff 95 % conf. limits

k -
Speaker  Subset t DF p-value (Hz) lower upper
all 11.0504 71 < 2.2e-16 16 13 19
BM 01 c2open 7.1379 43 8.129e-09 11 8.5 15
o2 closed 10.4619 26 8.21le-11 24 19 29

Since some of the 62-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 62-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

[p"wm.'ma] phying.pa ‘wool felt’) and [lower.higher] nouns (such as [¢oy.'vu]

shog.bu ‘book, paper’), which does not appear to be the case.
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Figure 4.12 BM_01 / Nouns / 62 Open: Pitch vs. vowel height
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When vowel height is controlled for in the 62-open nouns (as in [t¢"0."10]

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 62 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 / 62 Open /Pitch: Results of paired-sample t-tests (two-tailed)

Mean diff 95 % conf. limits

Speaker  Subset t DF p-value (Hz) lower upper
BM 01 °Same 6.0334 18 1.053e-05 13 8.4 17
- height
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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
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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 ¢1 and 62 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)

Mean diff 95 % conf. limits
(Hz) lower upper
BM 01 isolation 6.132 25 2.071e-06 15 10 21

Speaker  Setting t DF p-value

What can be concluded from this analysis is that pitch is a statistically
significant correlate of the perceived 62 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 62 is open or closed. There
are only five adjectives in which 62 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. 62 closure
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Four of these are the reduplicated forms; the fifth is the color term [sgo.'ran]

sngo.rang ‘blue color’”. In these cases, pitch is apparently elevated in the 62-closed

adjectives because the coda cuts off the terminal falling intonation contour. This is

illustrated in the pitch trace for [{"ik.'"{"4k] mthag.mthag ? ‘fat’, in Figure 4.15 below.

¥ rang ‘color’ is borrowed from Urdu. (Bielmeier p.c., 2008).
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Figure 4.15 BM_01 / Adjectives / Pitch trace: [{"ik.'t"dk] mthag.mthag? ‘fat’
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In contrast, when 62 is open, pitch reaches a peak value and then declines

steadily, as illustrated by [t¢"un.'tse] chung.tshad? ‘small, little’ in Figure 4.16 below.
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Figure 4.16 BM_01 / Adjectives / Pitch trace: [t¢"un.'tse] chung.tshad? ‘small, little’
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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
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4.2.2.3 BM_01 Verbs

Pitch is also a consistent correlate of the o1 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 ol 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
ol varies widely, ranging from ~160 Hz to ~220 Hz, while pitch in 62 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
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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 61 to 62 in the citation forms. In the
N+Vblzr forms, the average pitch drop from o1 to 62 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 nof 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 o1 and 62; 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 Citation N+Vblzr 95 % conf. limits
t DF * p-value

correlate mean mean 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 o1 (as was the case with
monomorphemic nouns and adjectives). Since 62 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, 62 need only have a distinctly lower pitch and intensity than c1. The

182



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 62 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

incl.)
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Figure 4.19 BM_01/ Verbs: Pitch contrasts vs. morphological category
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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)

Mean 95 % conf. limits
Speaker subset t DF p-value diff (Hz)  lower upper
citation -13.2523 7 3.258e-06 -84 -98 -69
BM 01
a 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 62 stress in nouns produced in
isolation. Upon first hearing this dialect in the field, | 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 62 is
open or closed. The graph reveals a high degree of consistency, especially for the
nouns with 62 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 c1, and a slope of ~ -20 Hz/100msec in

o2.
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When 62 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 62 nuclear vowel.

Figure 4.20 AR 05/ Nouns / Isolation: Pitch slope
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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 61 slopes
upward, and pitch in 62 slopes downward. In words which plot below the x-axis — but
still to the right of the dashed line — pitch in 61 slopes downward, and pitch in 62

slopes downward even more steeply. In either case, pitch in 62 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 c1 almost always slopes downward, while pitch on 62 usually
slopes upward but sometimes slopes downward. For numerals, pitch on 1 is usually
downward, and pitch on 62 is always upward. In contrast, for verbs the pitch on c1
slopes upward half the time and downward half the time; the median value indicates a

level pitch. For 62, 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
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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 1, and slopes upward in 62. For the frame
forms, in general, pitch slopes downward in c1, and also slopes downward in 62, but
not as steeply. The whiskers represent 25% of the values measured on each syllable.
For 62 in the isolation forms, the whisker extending below the “0” line represents the
minority of cases in which the pitch slope is downward. For 62 in the frame forms,
the whisker extending above the “0” line represents the minority of cases in which the

pitch slope is upward.

190



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 1 pitch contour is nearly flat or slopes downward. Points
falling to the left of the y-axis have an upward slope on 62; points falling to the right
of the y-axis have a downward slope on 62. 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 62 is “more upward” than that representing c1.

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 62 stress in BSh_03 nouns: the mean increase in pitch
from o1 to 62 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 [kan.'ma] rkang.ma

‘foot, leg’. The pitch trace for this word is shown in Figure 4.28 below. Here, the
mean pitch on 61 is 115 Hz, the mean pitch on 62 is 143 Hz, and the 62-c1 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 62
is simply part of the increase in pitch across syllables. The rate of rise in the 62 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: [kan.'ma] rkang.ma ‘foot, leg’
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For the vowel in 61, 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 61 for a/l 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 c1;

this is the median of the o1 pitch measurements plotted in Figure 4.3. In [kan.'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 61 — like the
upward pitch slope on 62 — 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 61 vowel is that the target

pitch is low — a pitch level that will be in contrast to the high target of 62.

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 o1 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 62 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.
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Figure 4.25 BSh_03 / Noun / Pitch trace: [ra.'ma] ra.ma ‘goat’
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The patterns described above occur just as readily in nouns where 62 is

closed, as illustrated by the pitch trace for the compound form [le.'mik] /de.mig ‘key’

in Figure 4.26 below.
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Figure 4.26 BSh_03 / Noun / Pitch trace: [le.'mik] Ide.mig ‘key’
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When the 62 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 62 (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’

BSh 03 03 01 02 0279 brain
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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 62 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 62. These are instances in

which the speaker was less meticulous about avoiding a falling final contour. In the

monomorphemic noun [smin.'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: [smin.'ma] smin.ma ‘eyebrows’
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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 1
think this may account for the difference in intonation patterns.
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The pitch trace for [t"ig.'t¢"u] thig.chu ‘water drop, leak’ in Figure 4.29 below

shows the decline beginning earlier. Here, pitch on 62 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: [t"ik.'t¢"u] thig.chu ‘water drop, leak’
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A third illustration is provided by the pitch trace for [sa.'k"et] sa.khyad ‘farm

property, agricultural field’ in Figure 4.30 below. Here, the pitch slope on 61 is -30
Hz/100 msec, and the pitch slope on 62 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.'k"et] sa.khyad ‘farm property,
agricultural field’
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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)

Mean diff 95 % conf. limits
(Hz100msec)  lower upper
BSh 03 Isolation 9.9917 76 1.722e-15 16 13 20

Speaker  Setting t DF p-value

As discussed in section 2.4, a positive pitch slope difference can — in theory —
mean one of three things; either: (a) o1 slopes downward, and 62 slopes upward; (b)
ol slopes downward, and 62 also slopes downward, but not as steeply; or (c) ol
slopes upward, and 62 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 62 is always “above” the vector representing o1 — 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 o1 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 61, sloping at 0.42 Hz/100msec. In 62, 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

oland 127 Hz for 62 mean, for an increase across syllables of 27 Hz.

Figure 4.31 BSh_03 / Noun / Pitch trace: [mu.'tik] mu.tig ‘pearl’
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[spyan.'ku] spyang.ku ‘wolf” is the only noun with 62 open which has a

negative pitch slope difference. As illustrated in Figure 4.32 below, pitch slopes
downward fairly steadily in 61 (at -16 Hz/100msec), while 62 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: [spyan.'ku] spyang.ku ‘wolf’

BSh 03 03 01 02 0274 wolf
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In Figure 4.33 below, pitch slope measurements for isolation forms are plotted
in terms of whether 62 is open or closed. By and large, this factor makes no
difference here — it becomes relevant in other cases discussed below. The points with
02 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. 62 closure
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frame reflect the interaction of the lexical pitch pattern with the phrasal intonation

pattern. The upward pitch slope observed in 62 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 [bay.'p"e] / [mbax.'p"e] bag.phye

‘wheat flour’ provide an illustration. The isolation form, as shown in Figure 4.34

below, has a downward-sloping pitch on 61 (averaging 104 Hz, sloping at -21

Hz/100msec) and an upward-sloping pitch on 62 (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: [6ay.'p"e] bag.phye ‘wheat flour’

BSh 03 03 01 03 0990 wheat flour
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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 61 (averaging 97 Hz, sloping at -14 Hz/100msec).
Pitch then leaps upward from o1 to 62, 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 62. The difference in pitch

slopes is calculated as -3 Hz/100msec — i.e., downward a bit more steeply in 62 than

inol.
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Figure 4.35 BSh_03 / Noun / Frame / Pitch trace: [mbax.'p"e] bag.phye ‘wheat flour’

BSh 03 03 01 03 0990 wheat flour
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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 ¢1, and in most cases also slopes downward in 62,
though not as steeply — exactly the case illustrated just above. In about one third of
the nouns, pitch slopes upward in 62, 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 [ymul.'t¢"u] rngul.chu ‘sweat, perspiration’ at
(62, o1) coordinates (-30, -7). For the majority of nouns, (slopes: — slopes1) >0 —1i.e.,
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they fall to the left of the dashed line — so again, either (a) 61 slopes downward, and
02 slopes upward; or (b) o1 slopes downward, and 62 also slopes downward, but not

as steeply.

Figure 4.36 BSh 03 / Nouns / Frame: Pitch slope
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The compound noun [ri.'dax] ri.dwags ‘ibex’ is an example of (a). In Figure

4.37 below, the pitch on 61 is low and slopes downward (averaging 113 Hz, sloping

at -14 Hz/100msec), while the pitch on 62 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’

BSh 03 03 01 03 0090 ibex
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Pitch slope measurements for the BSh 03 frame forms are plotted in Figure
4.38 below in terms of whether 62 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. 62 closure
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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)

. Mean diff 95 % conf. limits
Speaker  Setting t DF p-value (Hz100msec)  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 c1 to 62. Most of the points also
fall above the x-axis; the pitch slope difference is positive, too, meaning that the slope
on 02 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 62 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
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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 62 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 ther