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Abstract 

Phonetic characteristics of prominence are often cited as distinguishing factors between 

stress and pitch accent languages. Pitch accent languages are claimed to utilize pitch only 

in marking a prominent syllable, while stress languages employ several other acoustic 

and articulatory characteristics such as intensity, duration and vocal fold tension 

(Beckman 1986, Sluijter 1995). This thesis examines acoustic and articulatory correlates 

of prominence in Blackfoot, a language which is shown to have both level and contour 

pitch accents. Results show that Blackfoot pitch accent is manifested in several acoustic 

variables, including a higher fundamental frequency (pitch), increase in decibel level 

(intensity) and longer duration. However, an increase in vocal fold tension in prominent 

syllables, which occurs in stress languages such as English and Dutch, is not found in 

Blackfoot, supporting recent claims (Sluijter 1995) that this is a crucial distinguishing 

feature of stress. 
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Chapter One 

Introduction 

Phonologists and phoneticians have long recognized the difficulties in delineating the 

differences among pitch accent (PA), stress, and tone systems (Beckman 1986, Odden 

1988, van der Hulst and Smith 1988). The primary characteristics that distinguish pitch 

accent from stress are often claimed to be the phonetic manifestations of the prominent 

(stressed or accented) syllable (Beckman 1986, Dobrovoisky 1999, Hualde, Smiljanic 

and Cole 2000). 

The present analysis examines both acoustic and articulatory evidence of 

prominence in Blackfoot, a PA language, demonstrating that the phonetic differences 

between stress and PA languages are not as clear as once thought (Beckman 1986). 

Blackfoot differs significantly from Japanese, a prototypical PA language, in its acoustic 

manifestations of PA. While the only acoustic correlate of PA in Japanese is fundamental 

frequency (Fo), other "stress-like" correlates are found in Blackfoot, such as intensity and 

duration. 

Recent phonetic studies have shown vocal fold tension, as manifested in an 

increase in intensity at higher frequencies, to be the most significant factor in 

characterizing stress languages. Additionally, duration and changes in vowel quality are 

also important correlates of stress, while F0 is less important at the word level (Sluijter 

1995, Sluijter and van Heuven 1996). The present study will demonstrate, through 

articulatory analysis of vocal fold vibration, that this tension is not a correlate of PA in 
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Blackfoot, and it will be argued herein that this is an important distinguishing factor in 

the phonetics of stress and PA systems. 

One of the distinguishing phonological characteristics of a PA language is the 

presence of a contour PA; that is, PA occurring on only one mora of a long vowel. While 

not a requirement for PA (contour PAs do not occur in several well known PA languages, 

such as Japanese, which nonetheless has long vowels) this type of contour prominence 

does not occur in stress systems. Blackfoot does have both rising and falling PA on long 

vowels, manifested acoustically by the time of the Fo and dB peaks, and the range of F0 

and dB levels throughout the vowel in the nucleus of the syllable. 

The goal of my thesis is, therefore, to determine the acoustic and articulatory 

correlates of accented versus unaccented vowels in Blackfoot, and to confirm its status as 

a PA language. An additional goal is to determine the characteristics of contour PAs. 

The thesis is organized as follows. 

The first three chapters present background information on Blackfoot and 

prosodic systems in general, while the remaining chapters present and discuss the results 

of a phonetic analysis of Blackfoot PA. 

Chapter two gives a brief introduction to the Blackfoot language. Chapter three is 

an overview of prosodic systems, discussing the similarities and differences between 

tone, PA and stress systems. Chapter four reviews previous phonetic research on stress 

and PA languages. The fifth chapter discusses the research design and methodology used 

in this study, and introduces the variables that are measured. Chapter six presents the 

results of the acoustic analysis, with the pitch variables given in §6.1, the intensity 

variables in §6.2, duration in §6.3, and vowel quality in §6.4. The results of the 



3 

articulatory analysis of the vocal folds are given in chapter seven. Chapter eight presents 

the results of the analysis of contour PA, examining both rising and falling PA. Chapter 

nine presents a discriminant function analysis of the data to determine the general weight 

of each correlate, and then discusses the implications of the results. The final chapter 

reconsiders the research design, provides suggestions for further research, and offers 

some concluding remarks. 
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Chapter Two 

The Blackfoot Language 

This chapter offers a brief overview of the Blackfoot language, discussing the linguistic 

status of the language in §2.1 and providing a brief discussion on Blackfoot phonology 

and prosodic structure in §2.2. 

2.1 HISTORICAL OVERVIEW 

Blackfoot is an Algonquian language spoken by Aboriginal North Americans in Alberta 

and Northern Montana. Algonquian is the main branch of the Algic language family, 

which is given in (1), from Mithun (1999:327). 

(1) ALGIC FAMILY' 
ALGONQUIAN 

EASTERN ALGONQUIAN 

CENTRAL AND PLAINS ALGONQUIAN 

Shawnee 
Fox 
Miami-Illinois' 
Potawatomi 
Ojibwa 
Cree 
Menominee 
Cheyenne 
Arapaho-Atsina 
Blackfoot 

RITWAN 

Cheyenne, Arapaho and Blackfoot, referred to as Plains Algonquian languages, 

differ from other Algonquian languages because they share certain phonological 

characteristics. However, this Plains grouping is not genetic, but rather areal, due to the 

1 Only the Central and Plains Algonquian branch is represented, and only one name per language is given. 
indicates a language that is no longer spoken. 
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close proximity of the languages. Blackfoot itself is thought to be the most divergent of 

all Algonquian languages, suggesting that it was the first to fully split from Proto-

Algonquian (Proulx 1989). The following map from Mithun (1999) shows the area in 

which Blackfoot and other plains languages were originally spoken. Blackfoot is shaded 

and located in the northwest plains area. 

Key to Tribal Territories 

Hiicsa 
Mindan 1. 

(fQ nkan .. 
?.akhuI ( 

I YnI:on 
Dk4c3 

koul 

•IQjj 

, *11 

N 

0 20 400 MIoi 

2 400 KiIomIi 

Figure 1: Tribal territories of the Plains (Mithun 1999:609) (shading added) 
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Blackfoot is spoken by the Blackfoot (Siksiká - henceforth Siksika), Blood 

(KáInaa), Peigan (Aapátohsipiikáni) and Blackfeet or South Peigan (Aamsskáápipikani) 

people, each representing a slightly different dialect. The Siksika Reserve is about one 

hundred kilometres southeast of Calgary; the Blood Reserve is located between Cardston 

and Lethbridge; the Peigan Reserve is located west of Fort MacLeod, and the Blackfeet 

Reservation is located in Northern Montana. 

Blackfoot is thought to be one of the healthiest Aboriginal languages in Canada in 

that there are more Blackfoot speakers than the majority of other Aboriginal North 

American languages. However, according to Frantz (pc. to Mithun 1999), there are less 

than 100 Blackfoot speakers in Montana. Additionally, Canadian Census results show a 

large decrease in the number of Blackfoot speakers over the past few years. In 1996, 

5,530 people living in Canada reported a knowledge of Blackfoot, with 4,140 of these 

speakers describing Blackfoot as their native language. The 2001 census saw these 

numbers drop to 4,415 and 3,020 respectively. 

Blackfoot Speakers in Canada 

1996 2001 

K—edge 

0 Nt,e Lengege 

CenaJa Year 

Figure 2: Number of Blackfoot speakers in Canada 

Although it is unclear whether this drop reflects the actual drop in number of speakers, or 

is a result of poor reporting patterns, it is clear that the language is in need of 
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preservation. Currently, Blackfoot is being taught as a second language in some Alberta 

schools, but it is doubtful that anyone is still learning Blackfoot as their first language. 

The language is currently undergoing a great deal of change, to the extent that 

speakers identify a distinction between Old Blackfoot and Modem Blackfoot. It is likely 

that there is no distinct break between these two varieties, but that they represent two 

distinct points on a continuum of change within the language. Most, if not all, remaining 

Blackfoot speakers are bilingual speakers of English. The influence of English may well 

be one of the reasons for the rapid change occurring within the language. 

2.2 OVERVIEW OF BLACKFOOT PHONOLOGY 

This section is intended as a brief overview of the phonological system of Blackfoot in 

order to provide the background information needed for the experimental design outlined 

in chapter 5. For further discussion on the Blackfoot phonological system, see Taylor 

(1969) and Frantz (1991). 

2.2.1 PHONEMIC INVENTORY 

The phonemic inventory of Siksika Blackfoot is given in Table 1. Siksika contrasts five 

consonantal places of articulation: bilabial, alveolar, palatal, velar and laryngeal. 

Additionally, five manners of articulation are contrasted: plosive, affricate, fricative, 

nasal and glide. Voicing is not contrastive. Many of these consonants also have long 

counterparts, as shown in the table. 
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Labial Alveolar Palatal Velar Glottal 

Plosives p p: t t: k k: 

Affricates ts ks 

Fricatives s S. x 

Nasals in in. n n: 

Glides w j 
Table 1 Phonemic inventory of Blackfoot consonants 

Some of the notable aspects of the Blackfoot phonological system are the absence of 

liquids and the presence of the Iks! affricate. See Frantz (1991:31) for further discussion 

of this affricate. Also note the absence of /h/ in Siksika, which occurs in the Southern 

Blackfoot dialects. 

Siksika has five contrastive vowels, each with phonemic long counterparts. The 

vowels in the Siksika phoneme inventory are given in Table 22. 

Table 2: Phonemic inventory of Blackfoot vowels 

Blackfoot also has the diphthong, lou; see the discussion below on the orthography for 

evidence of other diphthongs in other dialects of Blackfoot. Note, however, that final -Wa 

'singular animate noun marker' is commonly realized as -w, which gives rise to 

2Note that Taylor (1969) proposes both hi and 11/ as underlying vowels in Blackfoot. However, both 

phonemes have identical surface pronunciations. The two vowels have developed from Proto-Algonquian 
'i and *e respectively and have different effects on neighboring segments in Blackfoot. See Taylor (1969), 
Kinsella (1972) and Frantz (1991) for further discussion. 
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numerous phonetic diphthongs when this morpheme follows a vowel. For a more 

thorough analysis of the Blackfoot vowel system, see Kinsella (1972). 

2.2.2 VOWEL DEvoIcING 

Word final vowels in Blackfoot are often devoiced 3. Not all word final vowels are fully 

devoiced. Though during the elicitation sessions (see §5.1), many words auditorily 

appeared to have a word-final voiced vowel, later spectrographic analyses of these 

vowels revealed that their latter portions were indeed devoiced. This process of word-

final devoicing often extends to the whole syllable, at times even devoicing a preceeding 

sonorant consonant, as in (2a). 

The phonetic facts presented above are most likely encountered when the vowel is 

in word final position; however, this word final devoicing can occur even when the final 

phoneme is a consonant, as in (2b). 

(2) a. nookóówa /nookóów/ 'my home' Sp5 

b. nóópikkinnik /nóópikkim jkI 'my nostril' Sp5 

Vowels are also devoiced word-internally before [x]. Just as with word-final 

devoicing, either the whole vowel or the final portion of the vowel is variably devoiced. 

Orthographically, if a vowel is voiced before [x] it is represented as long, if it is 

voiceless, it is represented as short (Frantz 1991:6). 

The difference in vowel length in word final vowels is largely obliterated by devoicing (Frantz 1991). 
Orthographically, word final long vowels may still be written based on their length when a suffix is added. 
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2.2.3 ORTHOGRAPHY 

A Roman orthography was developed by Frantz (1978) in the mid 1970's based on the 

phonological inventory of Blackfoot. Accent is shown in the orthography by an acute 

accent over the vowel of the prominent syllable. Most of the consonants are written the 

same as their English counterparts. However, Blackfoot has two phonemes that English 

does not, the velar fricative lx/ and the glottal stop /2/. These are written as h and 

respectively. The three vowels, lii, Lu! and La!, are written with the corresponding Roman 

orthography i, o and a. The other two vowels, lel and /o/, are written as the diphthongs ai 

and ao. Frantz (1991) notes that some varieties of Blackfoot still pronounce these as 

diphthongs, from which they were historically derived. Nonetheless, the consultants that I 

worked with pronounce these as monophthongs. Kaneko (1999:12-16) analyzes these 

sounds as diphthongs and thus has a tripartite vowel inventory with just lii, Lu! and Ial. 

The consultants used in her study were from the Blood reserve, so this may be a 

difference in dialect. However, Howe (p.c.) suggests that the Blood speakers he has 

worked with pronounce these as monophthongs. 

2.2.4 SYLLABLE STRUCTURE 

Blackfoot syllables allow both onsets and codas. Complex onsets are also allowed if the 

first consonant is an s. Blackfoot syllable structure is given in (4), after Jackson (2002). 
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(4) 

Onset Nu6leus Cc)'da 

(s) (X) X (X) (X) 

2.2.5 PITCH ACCENT 

Blackfoot PA is primarily lexical.4 Blackfoot words typically contain one pitch accent; no 

words are accentless, while some words contain more than one PA. However, multiple 

PAs uncommon, occurring in a few types of poly-morphemic words such as compounds 

or verb complexes. A PA can occur on either a long or short vowel. Additionally, 

Blackfoot has a small number of contour PAs - both rising and falling5. These occur only 

on long vowels, with the PA associated with only one mora; the first for falling PAs, and 

the second for rising PAs. 

Syllable weight appears to interact with PA in Blackfoot, though not consistently. 

Kaneko (1999) notes that PA tends to fall of heavy syllables. While there are numerous 

exceptions to this generalization, it appears to be an active component of the Siksika 

grammar in that other phonological changes fall from this fact. For example, my 

consultants differ from the dictionary entries in showing these adjustments, as shown in 

"However, see Kaneko (1999) for an Optimality Theoretic analysis of PA patterns in Blackfoot bare 
nominals. 
Frantz (2003) notes that Siksika speakers often delete glottal stops and lengthen the preceding vowel. I 

have found this process of compensatory lengthening to be a common occurrence with the consultants that 
I worked with. However, in addition to the compensatory lengthening, an additional process of tonogenesis 
is occurring, whereby a falling PA is created over the resulting long vowel. 
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(5). Note that the first column is the dictionary entry (Frantz and Russell 1995), and the 

second column is the word given by my consultants (Sp = Speaker). Both are written 

orthographically. 

(5) a. nootohtón notohtón 'my heel' Spi 
b. mották otáák 'shadow/spirit' Sp3 
c. piikáni piikááni 'Peigan' Sp4 

The unaccented long vowel in (5a) is shortened in order to conform to this pattern, while 

(Sb) and (Sc) show accented short vowels that are lengthened. In (Sb) gemination of the 

intervocalic consonant is also lost, creating a light initial syllable. Note that the example 

in (5b) also indicates that the word final consonant is not moraic (if it was, the vowel 

would not need to be lengthened in order to create a heavy syllable). 

In order to better understand the nature and role of PA in Blackfoot, I now turn to 

a discussion of prosodic systems, reviewing the properties of PA, stress and tone 

languages. 
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Chapter Three 

Overview of Prosodic Systems 

In the linguistics literature, languages are typically classified as being tone languages, 

stress languages, or pitch accent (PA) languages. However, there are many difficulties in 

classifying languages as one of these exclusive types. Odden (1988:225) notes: 

The question of whether a description of the prosodic system of some 
undescribed language should be framed in terms of "stress", "accent" or 
"tone" (and the justification for a particular choice in a language with a 
descriptive tradition) has plagued the workaday linguist for years: unlike 
notions like "bilabial", there are few clear principles in guiding the 
trichotomization of languages into these three types. There are certainly 
no acoustic or physiological properties of these linguistic constructs 
which justify the separation of languages into two or three types. (italics 
added) 

Odden describes the difficulty that many researchers have had in delineating PA 

languages from either tone or stress languages. However, his observation that there are no 

acoustic properties that justify the separation of these systems is not wholly correct. 

Although there are still controversies in describing the acoustic properties of stress and 

pitch accent languages, there are certainly some clear divisions that can be made, which 

will be discussed in more detail in chapter three. In order to define each term, I will first 

describe prototypical characteristics of each type of system, and subsequently discuss the 

more difficult cases. 

3.1 TONE LANGUAGES 

Many of the world's languages are classified as tone languages. Most of the Chinese 

languages are tone languages, such as Mandarin and Cantonese, and many languages 



14 

spoken in Africa, such as Igbo and Yoruba, are also tone languages. Tone languages are 

also spoken in the Americas. Cheyenne, another Plains Algonquian language, and 

Tsuut'ina (Sarcee), an Athabascan language also spoken in southern Alberta, are both 

tone languages. 

A tone language is one in which each word or syllable carries lexically contrastive 

pitch. Differences in pitch correlate with differences in meaning even when all other 

phonemic information is identical. In these instances, tone (which is perceived as 

differences in pitch) is a lexical property. That is, tone is encoded in the lexicon and does 

not emerge as the result of any rules. 

As stated above, tone languages mark each word or syllable with lexically 

contrastive pitch. For example, in Igbo, a Niger-Congo language, each syllable is marked 

with either a high or a low tone. Disyllabic words have four possible tone patterns, 

demonstrated with the minimal set shown in (6). 

(6) a. ákwá 'crying' 
b. ákwà cloth' 
c. àkwá egg' 
d. àkwà 'bed' (Hyman, 1975:213) 

The word in (6a) has a high tone on both syllables, (6b) has a high tone on the first, and a 

low tone on the second; (6c) shows the opposite pattern with a low tone on the first 

syllable and a high tone on the second; finally, (6d) has low tones on both syllables. 

Tones can also be contour tones such as rising or falling tones. Beijing Mandarin 

is a tone language in which three of the four tones are contour tones. For example, the 

word in (7a) has a high level tone (H), (7b) has a falling tone (MF), (7c) has a rising tone 
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(LR) and (7d) has a falling-rising tone (FR). While all four of these words use the same 

phonemes, it is the tone that distinguishes them. 

(7) a. ma (H) 'mother' 
b. ma (NT) 'scold' 
c. mà(LR) 'hemp' 
d. m (FR) 'horse' (Hyman, 1975:214) 

Refer to Yip (2002) for a recent and comprehensive description of tone systems. 

3.2 STRESS LANGUAGES 

This section gives a brief overview of stress languages; for a more comprehensive 

description, see Hayes (1995). Many of the world's languages, among them English and 

Dutch, are classified as stress languages. Stress languages can be described in 

phonological or phonetic terms. Phonetically, a stressed syllable is one that is more 

acoustically prominent than the other syllables in a word. However, the correlates of this 

prominence are much more difficult to describe than the correlates of tone in tone 

languages. Many researchers have measured these correlates, and results show that 

languages with phonetic stress typically mark prominence using four main perceptual 

devices: length, loudness, pitch and vowel quality. The acoustic correlates of these 

perceptual items are duration, intensity (or amplitude), fundamental frequency, and 

formant structure. Chapter three will discuss these correlates in more detail, while 

reviewing past research on stress languages. 

Phonologically, stress languages have several properties. The main phonological 

characteristic that distinguishes stress languages from tone languages is culminativity. 
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(Hyman 1977). Culminativity ensures that each prosodic word has only one stress. In the 

case of languages that have secondary stress such as English, culminativity ensures that 

there is only one primary stress. 

The idea of primary versus secondary stress brings up the notion of multiple, 

often alternating, accents per word. This is a second property of many stress languages - 

metricality. In stress languages, metrical feet (a prosodic unit built on the prosodic word) 

are often built with the stress or accent being the phonetic realization of the head of a 

foot. 

Stress can either be fixed or lexical. In fixed accent systems, the position of the 

accent is predictable, and often follows a pattern. For example, English nouns and 

unsuffixed adjectives  assign phonological stress to the penultimate syllable if it is heavy. 

(In English, heavy syllables are those with long vowels or consonants in the coda.) This 

pattern can be seen in the words agenda, tomato and flamingo. If the penultimate syllable 

is light (an open syllable with a short vowel), then the antepenultimate syllable is 

assigned phonological stress. The words algebra, elephant and beautiful demonstrate this 

pattern. Prominence is fixed in the sense that phonological rules determine its placement. 

Every relevant word has the same prominence pattern. 

In lexical accent systems, the position of the accent is unpredictable, and is a part 

of the inherent, lexical meaning of a word, lexical accent is similar to the pitch 

distinctions made in tone languages. The difference between the Russian nouns mika 

'torture' and muká 'flour' is one of lexical stress. 

6 In English, different syntactic categories show different prominence patterns. 
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3.3 PITCH ACCENT LANGUAGES 

Tokyo Japanese has often been described as a prototypical PA system (McCawley 1968; 

Beckman 1986). This section will outline the properties of PA in Japanese in order to 

describe the typical characteristics of a PA language. 

PA in Japanese is lexical, and PA often distinguishes minimal pairs. Additionally, 

accent is culminative, although some words may be unaccented. This is shown in (8), 

where (8a) has a PA on the first syllable, and (8b) has no PA. 

(8) a. Iken 'opinion' 
b. iken 'differing view' (Beckman 1986) 

The location of the PA in Japanese is said to define the melody of the fall word. 

Japanese words begin with a mid pitch, rising to a high pitch at the location of the PA, 

and falling to a low pitch after the PA and for the remainder of the word. The difference 

between the mid pitch at the start of the word and low pitch at the end is not typically 

represented in the phonology, as seen in (9), where the pitch accent is realized on the 

second syllable. 

(9) Jj Si ga 'stone - NOMINATIVE' (cf. Haraguchi 1988:139) 

Within a phrase, the first accent will manifest as a high pitch, and subsequent 

accents will manifest as a mid pitch. For example in (10), the syllable do has a lower 

pitch than the syllable 2o even though they are both accented. 
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(10) ?a ?o i do 
blue dress 

resu 
(McCawley 1968:172) 

McCawley (1968:134) describes Japanese as a "mora-counting syllable 

language". It is described as mora-counting because the mora functions as a unit of 

length. A mora is a prosodic timing unit that is typically associated with a vowel or a 

consonant in the syllable coda. The number of moras per word determines the prosodic 

length of that word. Additionally, McCawley suggests that moras are given a separate 

note in Japanese song, including moraic nasals. Many phonological rules in Japanese also 

refer to the mora, while none, according to McCawley, refer to the syllable. In fact, Poser 

(1990) claims that foot structure in Japanese is bimoraic and does not refer to syllable 

structure. He shows that foot structure interacts with Japanese morphophonology and 

coexists with the independent PA system. Despite the importance of the mora in Japanese 

phonology, Japanese is referred to as a mora-counting syllable language because the 

prosodic unit is the syllable and not the mora. Japanese accent is falls on the syllable, not 

the mora; there is no contrast in bimoraic syllables as to the placement of the accent. 

3.3.1 PITCH ACCENT VERSUS TONE LANGUAGES 

PA languages are much more difficult to define than either stress or tone languages, as 

they share characteristics of each system. 

PA languages are similar to tone languages in that prominence is marked by 

modulating pitch. Additionally, as in tone languages, prominence in PA languages is 

typically lexical. These similarities have prompted some researchers to classify PA 
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languages as a type of tone language. Yip (2002:4) observes the following about PA 

languages: 

The simple typology of tone languages versus stress languages is blurred 
by the existence of a large group of languages called accentual [pitch 
accent] languages. Such languages, which include, for example, Japanese, 
Serbo-Croatian, and some types of Dutch, have lexical tones.. .There is no 
absolute division between accent languages and tone languages, just a 
continuum from 'accent' to 'tone'... I shall follow many previous authors 
in taking the position that the so-called accentual languages are just a 
subclass of tone languages. 

While Yip considers PA subclass tone languages, she nevertheless finds it useful to 

differentiate them from other, more typical, tone languages. She goes on to say: 

Although accentual languages as a subtype of tone language fall under the 
purview of this book, most of my examples will be drawn from those 
languages that everyone calls tonal, and the term accentual will still be 
used from time to time for convenience. 

Using similar reasoning as Yip, van der Huist and Smith (198 8:ix) also suggest 

that PA languages and tone languages should be seen as points on a continuum. However, 

unlike Yip, they do not conclude that PA languages are a subset of tone languages. 

What we will suggest here is that a simple division among the Non-stress 
cases into two categories (Pitch Accent Language - Tone Language) 
represents a gross over-simplification of the facts. Rather, it seems to be 
the case that languages employing non-intonational pitch distinctions 
make up a continuum that from a theoretical point of view should be 
approached in terms of a set of parameters that seem to define systems as 
being more typically "Tone Languages" or even more typically "Pitch 
Accent Languages". 

Nevertheless, PA languages differ most notably in that PA systems generally mark only 

one syllable per prosodic word as prominent, thus creating two levels of pitch, whereas 

the majority of tone languages have more than two different levels of pitch. 
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3.3.2 PITCH ACCENT VERSUS STRESS LANGUAGES 

Both PA and stress languages are often put under the category of accent languages. The 

main similarity between PA and stress languages is culminativity. As stated above, PA 

languages typically mark only one prominent syllable per word. Unlike stress languages, 

PA languages do not have a secondary word-level prominence, which also ensures that 

there is no alternating prominence (metricality), a characteristic that is common in many 

stress languages. However, the primary difference between stress and pitch accent 

languages is often considered to be a phonetic difference, a point most clearly 

demonstrated by Beckman (1986). She distinguished stress accent from non-stress (PA) 

accent languages by the acoustic manifestation of the "accent", or prominent syllable. In 

her view, PA languages mark prominence with pitch only, whereas stress languages use 

several other variables. 

The lines distinguishing tone, PA and stress languages are certainly not clear, and 

it seems that the method of classifying languages into these three systems is not ideal for 

describing them. However, following the majority of researchers, I will use these terms. 

The following section will define how I will use these terms throughout the remainder of 

this thesis. 

3.4 DEFINITIONS 

As discussed throughout this chapter, there are many terms used in the linguistics 

literature when talking about prosodic systems, and different authors often use the terms 

in different ways. Throughout this thesis, I will use the definitions outlined in Van Der 

Mark (2001) and presented again here. 
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(11) a. Phonological stress: a formal method of marking one syllable in 
a word as more prominent than others. 

b. Phonetic stress: a method of marking prominent syllables that 
may involve several acoustic variables such as pitch, loudness, 
duration and vowel quality. (These variables will be discussed 
further in chapter three.) Crucially, phonetic stress cannot be 
marked by pitch alone. 

(12) a. Tone languages: languages in which each word or syllable 
carries lexically contrastive pitch. Differences in pitch correlate 
with differences in meaning even when all other phonemic 
information is identical. 

b. Stress languages: languages that modulate phonetic stress in 
marking a phonologically prominent syllable. 

b. Pitch accent languages: languages that modulate only pitch in 
marking a phonologically prominent syllable. 
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Chapter Four 

The Phonetics of Prominence 

A number of studies have examined the acoustic correlates of stress and pitch accent. In 

order to clarify the phonetic differences between the two types of systems, this chapter 

reviews these studies. Section 3.1 focuses on past research on stress languages and §3.2 

examines research on pitch accent languages. 

4.1 PHONETIC STRESS 

Fry (195 8) suggests that there are four main acoustic correlates to the perception of stress 

in English: duration, intensity, frequency and formant structure (i.e. vowel quality). 

Duration is simply the length of time within the syllable. Intensity (or amplitude) of the 

sound wave is perceived as loudness, and frequency of the sound wave is perceived as 

pitch. Differences in formant structure are perceived as differences in vowel quality. For 

example, in English, an unstressed vowel is often reduced to a schwa. This can be 

demonstrated in the differences in the syllables of the noun record, /'rs.koidl, and the 

verb record, /ro.'koid/. 

Fry examined duration, intensity and frequency and determined that all three 

played a role in the listener's perception of prominence. He studied computer generated 

English noun-verb pairs listed in (13) 
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(13) a. 'sub.d3ckt vs. sob.'d38kt 
'subject:NouN' 'subject:vERB' 

b. 'clb.d38kt vs. ob.'d3ckt 
'object:NouN' 'object:vEiB' 

C. 'daj.d38st vs. do.'d36st 
'digest:NouN' 'digest:vERB' 

d. 'kan.tikt vs. kon.'tikt 
'contract:NOTJN' 'contract: VERB' 

e. 'par.mit vs. paL1mIt 
'permit:NOUN' 'permit: VERB' 

By varying the duration, intensity, and F0 patterns, he determined which of these 

variables caused a shift in a listener's perception of stress. 

The results of Fry's experiment showed that both duration and intensity play a 

role in the perception of stress. However, intensity was a weak variable because intensity 

changes alone never caused a complete shift in perception of prominence from one 

syllable to another. Additionally, the magnitude of the difference was important for both 

duration and intensity. Fry also found that changes in F0 play a role in stress perception: 

higher frequencies were more likely to be perceived as stressed than lower frequencies. 

Interestingly, he also found that the magnitude of the frequency change was not 

important; it only mattered that a frequency change was present. 

Fry also examined listeners' perceptions of words in which one syllable had a 

level pitch and the other syllable had a contour pitch. (Contour pitches included falling, 

rising, level-falling and level-rising. The contour pitches either began or ended at the 

same pitch as the syllable with a level pitch.) He found that the syllable with the contour 

pitch was perceived as prominent in two-thirds of the trials, and the level pitch was 
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perceived as prominent in one-third of the trials. These results suggest that a change in 

pitch, regardless of whether it is higher or lower, can be correlated with stress in English. 

More recently, Beckman (1986) compared the acoustic correlates of Japanese PA 

and English (phonetic) stress. Using Japanese and English as prototypes for PA and 

phonetic stress respectively, she distinguished the acoustic differences between these two 

systems of marking prominence. Beckman used disyllabic minimal pairs in which the 

only difference was placement of the prominent syllable. For Japanese, she used the 

words listed in (14). 

(14) a. Iken 'opinion' 
b. iken 'differing view' 
c. Ikken '(one) house' 
d. ikken 'glance' 
e. kábu 'lower part' 
f. kabu 'stocks' 
g. káme 'turtle' 
h. kamé 'jug' 
i. kámi 'god' 
j. kamI 'paper 
k. káta 'shoulder' 
1. katá 'form' (Beckman 1986:146) 

For English, she used the same noun-verb pairs used by Fry listed above in (13). 

Words were recorded in frame sentences from native speakers of each language. 

The frame sentence for the Japanese words is shown in (15). 

(15) Sosite to iimasu. 
'Next I'll say ' (Beckman 1986:145) 
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The frame sentence for the English words is shown in (16). 

(16) I said this time. (Beckman 1986:146) 

The purpose of the frame sentence was to control for the intonation, ensuring that it was 

the same for each word analyzed. 

The words were then analyzed according to five variables. For each vowel she 

measured the F0, the duration, the average amplitude (in dB), the amplitude peak, and the 

total amplitude. F0 values were taken by measuring the third harmonic on narrow band 

spectrograms, and dividing the value by three. The F0 measurement was taken at the 

obvious peak if there was one, if not, the measurement was taken midway through the 

syllable nucleus. The duration was measured on a wide band spectrogram using spectral 

cues such as the burst spike at the end of stop closures. The amplitude peak was the 

highest point of energy in dB within the vowel. The total amplitude was obtained by 

adding up all of the amplitude values for the vowel taken at ten millisecond intervals. 

This measurement takes into account both amplitude and duration. The last measurement, 

average amplitude, took the total amplitude values, divided by the duration, and 

multiplied by ten (for the ten millisecond intervals). 

Beckman found that in Japanese, a prototypical PA language, the only significant 

variable for marking prominence was the F0. However, in English, a prototypical 

phonetic stress language, she found that all the variables measured were significant 

acoustic correlates of phonetic stress. The most significant variable was total amplitude, 

which is a reflection of both duration and intensity. 
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Dobrovolsky (1999) examined the acoustic correlates of stress in Chuvash, a 

Turkic language spoken in Russia. Chuvash is traditionally described as a language with 

fixed stress. Stress is placed on the last full vowel of a word. If there are no full vowels 

(that is, if a word contains only the reduced/central vowels and a), stress occurs on the 

first syllable (Krueger 1961). However, Dobrovolsky claims that stress does not occur in 

words with only reduced vowels. The data in (17) show this pattern. 

(17) a. á.dàl 'Volga' 

b. i.k&. 'pancake' 

c. su.pa'.kár 'Cheboksary' 

d. l.bs 'butterfly' 

e. p.l.v.mér 'we knew' (Dobrovolsky p.c.) 

He claims that what is interpreted as stress on reduced vowels is in fact a result of word-

level intonation realized as a fall in F0 across the first syllable of all words. For this study, 

Dobrovolsky examined disyllabic words, comparing four word groups: words with a full 

vowel in the first syllable and a full vowel in the second syllable (full-full), full-reduced 

words, reduced-full words and reduced-reduced words. He looked at the same variables 

studied by Beckman to determine whether Chuvash patterned with Japanese as a PA 

language or English as a language with phonetic stress. He found that the F0 variable was 

not a significant correlate of stress in Chuvash, but there were significant differences in 

duration and total amplitude. Although F0 was not correlated with Chuvash stress on full 

vowels, it was found to correlate with initial "stress" on reduced vowels. This prompted 

Dobrovolsky (2001) to postulate separate levels for pitch and stress assignment in 
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Chuvash. This suggests that Chuvash has phonetic stress, in accord with Beckman's 

analysis of English, as well as a form of PA at the word level. 

Sluijter (1995) did a study on the acoustic correlates of (word level) stress and 

(sentence level) accent in American English and Dutch. In contrast with Fry (op. cit.), she 

found that the most robust correlates of stress in Dutch and American English were 

duration and spectral balance, while overall intensity was a poor correlate. 

Spectral balance is the measurement of intensity (of vowels) at the higher 

frequencies, and is an acoustic measurement of the realization of vocal fold abduction 

(closing) versus adduction (opening). This acoustic measurement of vocal fold tension 

has been discussed by many researchers including Fulop (1994), Stevens and Hanson 

(1994), and Sluijter (1995). 

Sluijter (1995) also found vowel quality to be a poor correlate of stress in Dutch, 

but a stronger correlate in American English. Sluijter also looked at F0 and found that it 

was not correlated with stress once the sentence level intonation was controlled for. 

Another variable that Sluijter examined in American English is the open quotient 

(OQ). The OQ is the time that the vocal folds are open versus the time that they are 

closed. A larger OQ results in a change of intensities at lower frequencies without a 

change at higher frequencies, assuming a constant rate of decrease of volume velocity at 

closure. This change results in a higher amplitude measurement at the first harmonic with 

respect to the second harmonic (Stevens and Hanson 1994). Sluijter (1995) used the 

difference between the amplitudes of the first two harmonics (H1-H2) to estimate the 

OQ. A negative value of H1-H2 indicates a small OQ; that is, the open portion of the 



28 

glottal cycle is short. A positive value indicates a larger OQ.7 Sluijter found OQ to be 

correlated with stress in English, although it was not as strong as duration and spectral 

balance. 

With these distinctions between phonetic properties of PA and stress languages in 

mind, mow focus on a closer examination of the variation in parameters that have been 

discovered in PA languages. 

4.2 PITCH ACCENT LANGUAGES 

4.2.1 BLACKFOOT 

In a previous analysis (Van Der Mark 2001), I examined five acoustic variables in 

relation to Blackfoot PA: Fo peak, amplitude peak, average amplitude, total amplitude 

and duration. The results indicated that both F0 peak and average amplitude were 

correlated with prominence in Blackfoot, while the other variables were not. This study 

was modeled after Beckman (op. cit.), which compared Japanese, a prototypical PA 

language with English, a prototypical stress language. Recall that Beckman found that in 

Japanese, pitch was the only correlate of prominence, whereas in English, all five 

variables were correlates of prominence, with total amplitude being the strongest. These 

results are shown in Table 3 in comparison with the Blackfoot results from Van Der 

Mark (2001). In Van Der Mark (2001) a total of 38 tokens were examined from two 

speakers. One objective of the current research is to replicate the results found in Van Der 

Mark (2001), increasing both the number of tokens and speakers. 

Sluijter (1995) controlled for variations in F1 values due to vowel reduction in unstressed vowels. Refer to 
the source, pg. 100 for more details. 
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Japanese English Blackfoot 

FO Peak / / / 

Amp Peak X / X 

AveAmp X  

Tot Amp X / 

Duration X V 

ble 3: Acoustic correlates of accent in Blackfoot versus Jananese and Enl ish 

The results of the analysis in Van Der Mark (2001) indicate that Blackfoot more 

closely corresponds with Japanese than with English, suggesting that Blackfoot is a PA 

language. However, it is not clear why average amplitude is a correlate of PA in 

Blackfoot. There are several possibilities. The first possibility is that, like pitch, 

amplitude is deliberately manipulated to mark a prominent syllable. A second possibility 

is that an increase in amplitude results from an increase in F0. That is, in increasing the 

pitch, a Blackfoot speaker will increase the amount of air flowing through the vocal folds 

(thus increasing amplitude) which causes the vocal folds to vibrate more rapidly (thus 

increasing the pitch). A third possibility is that intensity is related to phrasal intonation. 

All of the words in this study were elicited in isolation, causing all of the phrasal 

intonation patterns to be realized on a single word. Because of this, word level and 

phrasal level patterns could not be separated. A final possibility is that a process of vowel 

devoicing interfered with the measurements of intensity. Many vowels in Blackfoot 

become devoiced, especially word-finally, as discussed in §2.2.2. In fact, even word-final 

vowels that retain some voicing will have a voiceless portion in the second half of the 

word. Voiceless vowels are inherently less intense than voiced vowels, and not 

controlling for this factor could have affected the intensity results. When this devoicing 
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occurs, it is often in free variation. However, there may be some environments where 

devoicing is more likely to occur, and these environments may or may not interact with 

the PA. 

4.2.2 NORTHERN BIZKAIAN BASQUE 

Northern Bizkaian (NB) Basque is a PA language that differs from both Japanese and NB 

Basque in that there is no phonemic length contrast in vowels. Hualde et al. (2000) 

hypothesize that duration is not an acoustic correlate of PA in Japanese due to the fact 

that duration is phonological. They suggest that NB Basque - a PA language where 

duration is itself not phonological - would be an ideal language in which to test this 

hypothesis. They measured two of Beckman's (1986) variables, Fo peak and duration. 

They found that NB Basque, like Japanese, marked accent with pitch only and not 

duration. 

Although Basque differs from Blackfoot even more than Japanese does, in that 

there is no phonemic length contrast in vowels, this study is an important contribution to 

the typology of PA languages. It suggests that Japanese and Basque may form a distinct 

class of PA languages that mark accent only with pitch. 

4.2.3 LITHUANIAN 

Lithuanian is a PA language that distinguishes orthographically among three types of 

accents: the acute accent ('), the circumflex accent (), and the grave accent ()8• Like 

Japanese and Blackfoot, Lithuanian has a phonemic length distinction. The grave accent 

8 Note the unusual notation: a tilde () represents the circumflex accent, an acute accent (') represents a 
falling (rather than rising) accent, a grave accent (') represents a level or rising (rather than falling) accent. 
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represents a prominent syllable and is realized only on short vowels. The acute accent is a 

falling PA realized on long vowels, while the circumflex accent is a level or rising PA 

also realized on long vowels. In syllables with an acute accent, the PA is associated with 

the first mora, and in syllables with a circumflex accent, the PA is associated with the 

second mora. 

The study by Dogil and Williams (1999) focused on distinguishing the acute and 

circumflex accents from one another, and not from unaccented vowels. They measured 

the FO, amplitude and duration in each of the acute versus circumflex accents. 

Additionally, they examined the spectral shape of the phonemes in the each accented 

position. They found that the circumflex accent was longer in duration and had a higher 

average F0 than the acute accent. No differences were found in the intensities of each 

accent. While they found that the FO fell across the accented syllable in both the acute and 

circumflex accents, the fall occurred early in syllables with an acute accent and fell 

throughout the whole syllable in the circumflex accented position. Figure 3 gives a 

typical Fo-tracing of acute and circumflex accents in Lithuanian. 

The position of the pitch peak in Figure 3 demonstrates why the PA is described 

as occurring on the first mora of syllables with a circumflex accent and the second mora 

of syllables with an acute accent. It is related to the position of the pitch peak. 

Additionally, the formant transitions in the circumflex accent were found to be more 

radical (less gradual) than in the acute accent. 
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Figure 3. F0-tracing of acute accent (top panel) and circumflex accent 
(bottom panel). Tokens: jzodas 'black'; ju5dis 'blackness'. (Dogil and 
Williams 1999:280) 

4.2.4 NORWEGIAN 

Norwegian has been described as having PA on stressed vowels. There are several 

dialects of Norwegian, each having distinct PA patterns. There is a distinction between 

two different accents and these accents have different realizations in each dialect. Fintoft 

(1970) looked at the acoustics of the two accents in five dialects: Oslo, Stavanger, 

Bergen, Alesund and Trondheim. He measured duration, F0 patterns, and amplitude in 

disyllabic words. 

Accent One is characterized by an early pitch peak (except in the Oslo dialect, 

where there is no pitch peak), whereas Accent Two is characterized by a late pitch peak. 

This pattern is similar to the acute versus circumflex accents in Lithuanian. However, in 

Lithuanian, the length is due to the bimoraicity of the syllable, whereas in Norwegian, 

length is a product of stress. 

In all dialects, the vowel and following consonant were longer in Accent Two 

than in Accent One. However, this difference was not statistically significant for all 
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tokens in all dialects. Nevertheless, the pattern of longer rhymes in Accent Two is 

consistent across dialects. Conversely, amplitude is greater in Accent One than Accent 

Two. This data indicates that duration distinguishes Accent Two whereas intensity 

distinguishes Accent One, demonstrating that pitch patterns are not the only 

distinguishing factors in Norwegian PA. 

4.3 SUMMARY 

The data presented in this section shows that languages described as PA can vary with 

respect to their acoustic variables. These results are summarized in Table 4 below. 

Japanese NB Basque Lithuanian Norwegian Blackfoot 

F0 Peak / V 7 V V 

F0 Ave ? ? ? ? 

Amp Peak X 

AveAmp X? ? 

Tot Amp X ? ? ? X 

Duration X X V / X 

Spectral diff ? ? - ? --

Table 4: Acoustic correlates of PA languages. 

*Greater values for amplitude peak and duration occur on opposite accents 

All of the chapters thus far have discussed background literature and research 

contributing to an understanding of the Blackfoot language, the typology of prosodic 

systems (and the status of PA languages), and previous experiments on the acoustics of 

stress and pitch accent systems. Van Der Mark (2001) was, however, a very limited 
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study. The following chapters present and discuss the results of an extensive phonetic 

analysis of PA in Blackfoot, using entirely new data. 
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Chapter Five 

Methodology 

In the previous chapter we examined several acoustic studies of stress and pitch accent 

languages. This chapter will present the experimental design that was used in the present 

investigation to determine the phonetic correlates of PA in Siksika Blackfoot. 

5.1 CONSULTANT AND ELICITATION INFORMATION 

Five consultants provided recordings for this study; they were all fluent speakers of the 

Siksika dialect of Blackfoot, and grew up speaking Blackfoot in the home and with other 

Blackfoot speakers in the community. Due to the current status of the language, finding 

monolingual speakers of Blackfoot is virtually impossible; all of the consultants were 

bilingual Blackfoot and English speakers. However, each of them considered Blackfoot 

as their first language. Speakers 1, 3 and 5 are males, and Speakers 2 and 4 are females. 

The consultants varied in age, from approximately the early thirties to the sixties. Speaker 

5 is the father of Speaker 2. 

Speakers 1, 4 and 5 grew up on the Siksika reserve attending residential schools 

that permitted them to speak only English (although Speaker 1 admitted to rarely 

attending; rather, he spent his time with his grandfather who spoke Blackfoot, and who 

taught him Blackfoot traditions). Speakers 2 and 3 are younger, and while they did not 

attend the same type of residential schools, few of their peers spoke Blackfoot as English 

had become the predominant language on the Reserve. 
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Some of the speakers have spent varying amounts of time formally involved in 

their language; Speaker 1 works in the Glenbow Museum, spending some time 

translating old Blackfoot recordings; Speaker 2 has taught Blackfoot on the Blood 

Reserve (although she speaks the Siksika dialect); Speaker 3 is a native speaker who 

nonetheless is taking Blackfoot language classes at Mount Royal College (he indicated 

that he is taking the classes to improve his GPA); Speaker 4 has worked as a consultant 

for a linguistics Field Methods course at the University of Calgary. 

All data for this thesis was collected in March, 2003. Elicitation sessions with 

Speakers 1, 3 and 4 took place in the Phonetics Lab in the Linguistics Department at the 

University of Calgary, and were digitized directly onto a PC at a sampling rate of 12800 

Hz using Kay Computerized Speech Lab (CSL) model 4300, version 4.17. This sampling 

rate was considered sufficient because no information above approximately 4000 Hz was 

considered. Additionally, articulatory measurements of the vocal folds were made using 

Kay's Electroglottograph (EGG) Model 4338 for Speakers 1, 3 and 4. Elicitation sessions 

with Speakers 2 and 5 took place at Speaker 2's home in Calgary, and were recorded into 

analog form on a Sony Professional Walkman. The sentences were later digitized at a 

sampling rate of 12800 Hz using CSL. 

Words lists were prepared primarily using Frantz and Russell (1995), 

supplemented by Kaneko (1999). If an alternate form was given by the consultant, it was 

also recorded and used. 



37 

All words were elicited in frame sentences, with the exception of those from 

Speaker 5, whose words were recorded in isolation due to difficulty in elicitation. The 

following frame sentence  was used for Speakers 1, 2 and 3: 

(18) Nitáakan(ii) 1°   ánnohk. 
Nit-yáak-wanii annohk 
1st person-future-to say now 

'I will say   now.' 

The following frame sentence was used for Speaker 4: 

(19) Ama anistápanio'sin  
Ama anistapii-waani-o' 11-hsin 
That to be (intransitive inamimate)-to say-?-nominalizer 
'The meaning of this (the word) is  

Differences in frame elicitation methods were primarily due to individual consultants' 

willingness to put each word in a particular frame sentence. It should also be noted that 

there were differing judgements as to the grammaticality of using these words in the 

frame sentences, and these sentences should not be taken as grammatical in Blackfoot for 

all words. The sentences were used for the purposes of the experimental design only. 

Pitch accent in three of the five vowels in Blackfoot, La i u/, a, i, o, including their 

long counterparts, was analyzed. The vowels /el and lol, ai and ao were not measured 

because they occur less frequently. They are historically derived from the diphthongs tail 

9 Note that the translation is not meant to be literal. 
10 The final long vowel of this was rarely pronounced by the consultants. 
11 It is unclear as to the status of the o' portion of the verb. It may be a separate morpheme whose meaning 
is unclear, or it may be a different pronunciation of one of the surrounding morphemes. 
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and lao!, and occasionally still occur as these diphthongs in environments such as before 

a glottal stop. Vowels occurring before lxl, h and those occurring in open, word final 

syllables were not measured. Vowels in these contexts are partially or fully devoiced and 

sometimes dropped completely. 

A total of 797 tokens were analyzed (excluding normalizing vowels); 183 for 

Speaker 1, 96 for Speaker 2, 140 for Speaker 3, 102 for Speaker 4 and 276 for Speaker 5. 

Total Number of Tokens per Speaker 

276 

Speaker 0", 

Speaker 4 
102 Speaker 3 

140 

Speaker I 
183 

Speaker 2 
96 

Figure 4: Total number of tokens per speaker 

Due to the large sample size, vowel context was not controlled (with the exception of the 

segmental environments given above). Additionally, there was a relatively even 

distribution of vowels from different contexts such as vowels occurring in the first versus 

final syllable or occurring in disyllabic versus polysyllabic words. This method did not 

negatively effect our results. As we will show, several variables showed highly 

significant differences in accented versus unaccented vowels, regardless of context. 
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5.2 AcousTic VARIABLES 

Previous research on word level prominence has all focused on acoustic variables. One 

study (Sluijter 1995) looked at variables related to the articulation of the vocal folds; 

however, these variables were all estimated based on acoustic measurements (see §3.1). 

The present study examines acoustic variables related to pitch, intensity, duration and 

vowel quality, as well as articulatory variables of the vocal folds as measured with an 

electroglottograph (EGG). All acoustic variables were measured using CSL and all 

articulatory measurements were made using the EGG software. 

It was necessary to determine the vowel length of each token before doing the 

actual measurements. Vowel length measurements were made by visually examining the 

spectrogram and trimming the data around the vowels. This was supplemented by 

listening to the portions both inside and ouside the trimmed data to ensure the accuracy of 

the measurements. The beginning of each vowel was measured immediately after the 

noise burst of oral stops, after the nasal murmur of nasal stops, after the noise frication 

for fricatives and at the beginning of voicing for onsetless words. The end of each vowel 

was measured immediately before the nasal murmur for nasal stops, before the onset of 

noise frication before fricatives, and after the formant shapes were no longer visible 

before oral stops. 

5.2.1 PITCH 

Frequency is the number of cycles per second in a periodic waveform. Fundamental 

frequency (Fo) refers to the lowest frequency of that waveform. The term pitch refers to 

the perception of the acoustic variable fundamental frequency. An algorithm on CSL was 
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used to determine the F0. In order to determine the accuracy of the algorithm, words were 

randomly checked against simultaneous EGG measurements of the glottal pulse obtained 

for Speakers 1, 3 and 4. 

The following four variables will be measured in relation to pitch: F0 Peak, F0 

Average, F0 Range and F0 Peak Time. 

The first variable is F0 Peak. This measurement is the highest point of the F0 

within the vowel being measured. Higher F0 Peak measurements are expected in accented 

as opposed to unaccented vowels. 

The second variable is Average FO. For this variable, the CSL program produced 

measurements of the FO every 10 ms over the duration of the vowel. All of these 

measurements are added together and divided by the total number of measurements 

taken, giving the Average FO for the vowel. Higher Average F0 measurements are 

expected in accented as opposed to unaccented vowels. 

The third measurement of pitch, F0 Range, gives the range of F0 values 

throughout the vowel, subtracting the lowest F0 value (FO trough) from the F0 Peak. A 

higher F0 Range value indicates greater F0 movement within the vowel. If pitch 

movement is an important component of PA in Blackfoot, as it is for stress in English 

(Fry 195 8) we would expect higher F0 Range values in accented vowels as opposed to 

unaccented vowels. 

The final pitch measurement, F0 Peak Time is used to determine the relative time 

within the vowel that the F0 Peak occurs. The F0 Peak Time is calculated by dividing time 

of the F0 Peak by the duration of the vowel. Note that all vowel measurements start at 0 

ms. The resulting value is expressed as a ratio where 0 equals the beginning of a vowel 
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and 1 equals the endpoint of a vowel; thus, a low F0 Peak Time (such as .1) indicates an 

early F0 Peak, and a high F0 Peak Time (such as .9) indicates a late F0 Peak. By expressing 

this value as a ratio, it allows us to compare all vowels, regardless of their duration. There 

is no specific prediction as to the direction of correlation between F0 Peak Time and PA. 

5.2.2 INTENSITY 

Intensity is the physical property of the acoustic signal that can be directly related to the 

perception of loudness. Intensity of a sound waveform is expressed in decibels (dB), non-

linear units that capture ratio differences between the measured intensity level of a sound 

wave and the intensity level at the lowest threshold of human hearing as measured in 

watts per square centimetre. The following five variables will be measured in relation to 

intensity: dB Peak, Average dB, Total dB, dB Range and dB Peak Time. 

The first intensity variable is dB Peak. This variable measures the highest dB 

level within the vowel. If intensity is found to correlate with PA in Blackfoot, we would 

expect higher dB Peak values in accented vowels. 

The second variable related to intensity is Average dB. For this variable, the CSL 

program produced measurements of the dB level every 10 ms over the duration of the 

vowel. All of these measurements are added together and divided by the total number of 

measurements taken, giving the Average dB for the vowel. If intensity is found to 

correlate with PA in Blackfoot, we would expect higher Average dB values in accented 

vowels. 

The third variable, Total dB is a measurement of intensity as a function of time. 

As with Average dB, the CSL program produced measurements of the dR level every 10 
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ms over the duration of the vowel and all of these measurements are added together. 

However, rather than dividing the number of measurements to obtain an average, all of 

the measurements are added together. Longer vowels thus increase the value of Total dB. 

This measurement is equivalent to Beckman's (1986) Total Amplitude variable, which 

she used to account for the fact that the perceptual loudness of a signal is affected by its 

duration; shorter signals need more intensity to have the same perception of loudness as 

longer signals. If TdB is found to correlate with PA in Blackfoot, we would expect higher 

values in accented vowels. 

The fourth measurement of intensity, d13 Range, gives the range of dB values 

throughout the vowel. A higher dB Range value indicates greater dB movement within 

the vowel. If intensity movement is correlated with PA in Blackfoot, it will show up as 

higher dB Range values in accented vowels. 

The final intensity measurement, dB Peak Time, is similar to the F0 Peak Time 

measurement. The only difference is that dB Peak Time measures the time of the dB Peak 

as opposed to the Fo Peak. 

5.2.3 DURATION 

Duration is the measurement of time in milliseconds (ms). If duration is a correlate of PA 

in Blackfoot, accented vowels will be longer than unaccented vowels. Note that duration 

is also a component of Total dB as explained in the previous section. 
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5.2.4 VOWEL QUALITY 

Differences in vowel quality between stressed and unstressed vowels have long been 

noted by researchers (Fry 1958, Beckman 1986), and several researchers have measured 

these differences acoustically (Van Summers 1987, Wood and Pettersson 1988, 

Dobrovolsky 1995) and articulatorily (Kent and Netsell 1971, Van Summers 1987, 

Engstrand 1988, Wood and Pettersson 1988, de Jong 1995). More recently, several 

researchers have found differences in vowel quality in accented versus unaccented 

syllables at the sentence level (Erikson 1988). Vowels in unstressed/unaccented 

environments are reduced frequently through articulatory centralization in many 

languages. 

The present study measured vowel quality acoustically by comparing the values 

of the first two formants (F1 and F2). The vowels Li!, Ia!, and /u/ were examined in 

Blackfoot. The chart in Figure 4 represents a vowel quadrilateral with average formant 

frequencies plotted for some of the English vowels 12. The first formant (Fi) is inversely 

plotted on the y-axis, and the second formant (F2) is inversely plotted on the x-axis. This 

roughly represents the acoustic space within the oral cavity; the y-axis represents the 

height dimension, while the x-axis represents the front-back dimension. This chart also 

demonstrates the relationship between tongue/jaw position, cavity size and formant 

frequency. Note that the F1 is related to the pharyngeal cavity. A lower F1 value indicates 

higher tongue position. Additionally, the F2 is related to the oral cavity. A lower F2 value 

indicates a longer front cavity, primarily due to a back tongue position (or an increase in 

lip rounding and protrusion). 

12 These plots are based on averages of English speakers. While the precise values vary extensively from 
language to language (and also from speaker to speaker), Siksika Blackfoot no doubt has different values. 
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Second Formant Frequency (Hz) 
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Figure 5: The re ationship among tongue position, cavity size, and 
forniant frequency for some English vowels (Borden et al. 2003:96) 
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Vowels will be compared using a ratio ofF2/F1. This allows us to express 

differences as a single value rather than looking separately at each of the first two 

formants. Additionally, because formant values are relative to the size of the speaker's 

vocal tract, looking at the first two formants in relation to one another allows us to 

compare values across speakers, rather than just within speakers. 

Reduced vowels, which often occur in unstressed or unaccented positions, tend 

towards a more centralized region of the vowel chart in Figure 5, as represented by the 

arrows. For Li!, reduction would be manifested in a higher Fl value, and a lower F2 value. 

This would result in a smaller ratio value for reduced /i/s For /al, reduction would be 

manifested in a lower F1 value. This would result in a larger ratio value for reduced /al's 
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For lul, reduction would be manifested in a lower F1 value, and a higher F2 value. This 

would result in a larger ratio value for reduced IuJ's. 

5.3 ARTICULATORY VARIABLES 

5.3.1 ELECTROGLOTTOGRAPH 

The electroglottograph (EGG) is a device used to measure vocal fold articulation in real 

time. Two non-invasive plate electrodes are positioned on the surface of the speaker's 

neck on either side of the thyroid cartridge. These electrodes detect changes in impedance 

across the vocal folds during the vibratory cycle, allowing a visual representation of the 

glottal pulse shape. This is schematized in Figure 6. 

Closed Phase =AC 

: Open Phase  
5. Opening + Open 
6. Cycle 0 AD 

BC 

1\ A N.0 D P\ 1. 

\,___J \•___i \\___J \ 

Figure 6: An example of an electroglottograph signal of a glottal pulse. (Kay Elemetrics 1995:10) 

In this diagram, the peak of the glottal waveform (as indicated by B) indicates vocal fold 

closure, while the trough indicates that the vocal folds are open. 

Three measurements will be taken with the EGG: Glottal Skew, Open Quotient 

and Silence. Glottal Skew is the direct articulatory measurement of spectral balance (as 
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discussed in §4.1) related to the tension of the vocal folds. An increase in vocal fold 

tension creates an increase in the speed of vocal fold abduction resulting in a shorter 

closing phase (AB in Figure 6) of the glottal pulse. The EGG program was configured to 

measure the closing phase in relation to the opening phase (BC in Figure 6) obtaining a 

ratio where the closing phase is the numerator and the opening phase is the denominator. 

The results are then expressed as a percentage; a lower value indicates a shorter closing 

phase, and thus an increase in vocal fold tension. If a difference in GS is found between 

accented and unaccented vowels, we would expect a lower GS value in accented vowels. 

The second EGG measurement, Open Quotient (OQ), measures the percentage of 

time the vocal folds are open in relation to the complete glottal cycle. The EGG program 

was configured to measure the open phase (CD in Figure 6) in relation to the full glottal 

cycle. A ratio is given where the open phase is the numerator, and the complete cycle is 

the denominator. The results are then expressed as a percentage; a lower value indicates a 

shorter amount of time the vocal folds are open. An increase in subglottal pressure results 

in an increase in the amount of time the glottis is open; therefore, if subglottal pressure in 

increased in accented vowels, we would also expect an increase in OQ. 

The final variable measurement with the EGG is Silence. Silence refers to the 

amount of time (expressed in ms) that the vocal folds are not active. This measurement is 

calculated automatically with the EGG software. Vocal fold vibration is an articulatory 

correlate of voicing. The final portions of Blackfoot vowels are often devoiced. This 

variable will determine if the amount of devoicing can be correlated with PA in 

Blackfoot. If there is a correlation, we would expect lower Silence values (less devoicing) 

in accented vowels. 
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5.4 CONTOUR PITCH VARIABLES 

PA in Blackfoot can occur on one mora of a long vowel, creating a contour pitch. A PA 

on the first mora results in a falling pitch, whereas a PA on the second mora results in a 

rising pitch. The following five variables will be measured in relation to the contour PA: 

F0 Peak Time, F0 Range, dB Peak Time, dB Range and Duration. 

These are the same variables as outlined above. F0 Peak Time and dB Peak Time 

are expected to be higher for rising accents, representing later peak time, and lower for 

falling accents, representing an earlier peak time when compared with level, accented 

long vowels. Additionally, greater pitch and intensity movement is expected for both 

contour PAs when compared with level PAs, resulting in higher F0 Range and dB Range 

values. Duration may also be longer in both rising and falling contours than in level PAs. 

5.5 NORMALIZATION 

Differences in speech rate, overall loudness of an utterance (due to a louder voice, a 

closer microphone or a higher recording volume) or overall pitch differences of an 

utterance can affect the measurements in some of the dependent variables. In order to 

control for this, measurements were taken of a constant vowel within the frame sentence 

(which is part of the same utterance) and a ratio is obtained by dividing the value of the 

target vowel by the value of the constant normalizing vowel. The normalizing vowels 

used for these measurements are given in (20), shown in boldface. 

(20) a. Nitáakan(ii)   ánnohk. 
b. Ama anistápanio'sin  
c. aápan 'blood' 
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(20a) is the frame sentence used for Speakers 1, 2 and 3. The normalizing vowel, and 

unaccented Ia!, occurs after a voiceless stop and before the nasal In/ in word final 

position. The normalizing vowel for Speaker 4, given in (20b), is also an unaccented La/ 

occurring after a voiceless stop and before the nasal In!. The normalizing vowel used for 

Speaker 5 is given in (20c). This vowel is also an unaccented Ia/ that occurs after a 

voiceless stop and before a word final In!. Because a frame sentence was not able to be 

used for Speaker 5, the normalizing does not occur in the same utterance as each target 

vowel. However, the rate of speech, loudness and pitch were reasonably constant 

throughout each recording session. The consultant remained a constant distance from the 

microphone, and the recording volume was not changed during each recording session. 

The words for Speaker 5 were recorded over two elicitation sessions, and a separate 

instance of the normalizing vowel was used for each session. 

5.6 SUMMARY 

The dependent variables for accented versus unaccented vowels are summarized in (21) 

and the dependent variables for contour PA versus level PA vowels are summarized in 

(22). 

(21) Dependent Variables: Accented versus Unaccented 
a. F0 Peak 
b. Average F0 
c. F0 Range 
d. F0 Peak Time 
e. dB Peak 
f. Average dB 
g. Total dB 
h. dB Range 
i. dB Peak Time 
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j. Duration 
k. Vowel Quality 
1. Glottal Skew 
m. Open Quotient (OQ) 
n. Silence 

(22) Dependent Variables: Contour versus Level PA 
a. F0 Peak Time 
b. F0 Range 
c. dB Peak Time 
d. dB Range 
e. Duration 

The following three chapters present the results of the experiment outlined in this 

chapter. Chapter six presents the results of the acoustic analysis, chapter seven presents 

the articulatory results from EGG measurements, and chapter eight presents the results of 

the contour PAs. 
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Chapter Six 

Level Accents - Acoustic Results 

The results of the acoustic analysis of level accented vowels versus unaccented vowels 

will be presented in this chapter. Results for the variables related to pitch (FO Peak, 

Average F0, F0 Range and F0 Peak Time) will be presented in §6.1; results for the 

variables related to loudness (dB Peak, Average dB, Total dB, dB Range and dB Peak 

Time) will be presented in §6.2; duration results will be presented in §6.3; vowel quality 

results will be presented in §6.4. 

A total of 159 accented short vowels were analyzed; 36 for Speaker 1, 24 for 

Speaker 2, 25 for Speaker 3, 20 for Speaker 4 and 54 for Speaker 5. Additionally, a total 

of 133 accented long vowels were analyzed; 24 for Speaker 1, 11 for Speaker 2, 30 for 

Speaker 3, 18 for Speaker 4 and 50 for Speaker 5. A total of 301 unaccented short vowels 

were analyzed; 74 for Speaker 1, 37 for Speaker 2, 56 for Speaker 3, 36 for Speaker 4 

and 98 for Speaker 5. Finally, a total of 144 unaccented long vowels were analyzed; 32 

for Speaker 1, 18 for Speaker 2, 18 for Speaker 3, 25 for Speaker 4 and 51 for Speaker 5. 

For each of the variables that were not normalized (see §5.5), the average value 

for all tokens will be presented for both the accented and unaccented environments. For 

the variables that were normalized, the raw values before normalization will be presented, 

along with the normalization ratios. For all variables, a two-tailed independent samples t-

test was performed for homoscedastic groups (groups with equal variances) using 

Microsoft Excel 2002 to determine the significance of the difference between accented 

and unaccented vowels. The t-tests were performed on the normalization ratios for those 
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variables that were normalized. The t-test results in a probability value (p-value) that 

indicates the statistical probability that a difference found between two independent 

variables (in this case, accented versus unaccented vowels) is a result of a sampling error. 

The p-value is expressed as a decimal between 0 and 1 with one indicating 100 percent 

probability that there is no significant difference (any difference found is a result of a 

sampling error) between the two groups, while a value of 0 indicates zero percent 

probability that there is no significant difference. For this study, a critical value of .05 has 

been set, indicating a p-value must be less than .05 to be considered significant. 

An assumption of a t-test is homogeneity of variance. One of the factors affecting 

homogeneity of variance is the existence of outliers. Outliers can occur due to 

experimental errors, or they can be legitimate extreme values. Experimental errors in this 

study could occur due to errors in measurement, data recording or data entry. Another 

possible experimental error would be an unusual value in the normalizing vowel; a 

unusual intonation (involving duration, intensity or pitch) on the normalizing vowel 

would alter the normalized ratio, thus skewing the results. Outliers that appeared to be 

due to experimental error were removed from the data before performing the t-tests. 

The results for each variable will be presented in a table, and summarized in the 

text. For each dependent variable, the table will show the combined results for all 

speakers in the first column, and the results for each individual speaker in the following 

columns. For ease of readability, averages that showed a difference in the expected 

direction (for example, Hz and dR values that were higher in accented vowels versus 

unaccented vowels) are lightly shaded. Significant differences are marked by a dark 

shading of the p-value. 
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6.1 PITCH 

This section will present the results of the four pitch variables: F0 Peak, Average F0, F0 

Range and F0 Peak Time. Figure 7 shows a waveform of the word pokón 'ball' and the 

corresponding pitch contour, demonstrating the differences between the F0 of the o in the 

first syllable and the ó in the second. 
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Figure 7: Pitch contour for pokón 'ball' - Speaker 4. 

6.1.1 F0 PEAK 

FO Peak was found to be a significant variable for all speakers. The mean F0 Peak for 

accented vowels is 176.9 Hz and 161.5 Hz for unaccented vowels. Additionally, the 

difference in F0 Peak between accented and unaccented vowels was found to be 

significant in both short and long vowels. For short vowels, the average F0 Peak was 

179.7 Hz in accented vowels and 159.8 Hz in unaccented vowels. The average F0 Peak 
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for long vowels was 173.5 Hz in accented vowels and 164.8 Hz in unaccented vowels. 

Table 5 gives these results. 

While not all speakers showed significant p-values, all of the results showed a 

higher F0 Peak value in accented versus accented values, demonstrating that F0 Peak is a 

correlate of Blackfoot PA. 

F0 Peak (Hz) 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio 

All 
Vowels 

Accented 1769 1194 1556 1066 1830 0993 1575 1076 1849 0967 1926 1463 

Unaccented 161.5 1,064 147.6 0.998 181.8 0.965 140.7 0.961 170.2 0.885 169.3 1.267 

p value < 0001 0087 1557 0801 <.0001 < 0001 

VowelsShort 

Accented 179.7 1.196 154.3 1.075 184.8 0.995 165.7 1.079 186.6 0.969 197.6 1.497 

Unaccented 159.8 1.053 146.8 0.988 179.2 0.969 142.2 0.943 167.1 0.872 168.2 1.254 

p-value <.0001 .0098 .3101 .1042 <.0001 <.0001 

Long 
Vowels 

Accented 173.5 1,192 157.8 1.049 178.6 0.988 150.7 1.073 183.1 0.965 187.5 1.427 

Unaccented 164.8 1.086 149.3 1.014 187.3 0.956 135.9 1.022 174.5 0.902 171.4 1.286 

p value 0161 3636 2943 6788 0056 <.0001 

Table 5: F0 Peak results - accented versus unaccented 

6.1.2 AVERAGE F0 

Average F0 was found to be a significant variable for all speakers. The mean Average F0 

for accented vowels is 165.2 Hz and 147.4 Hz for unaccented vowels. As in F0 Peak, the 

difference in Average F0 between accented and unaccented vowels was found to be 

significant in both short and long vowels. For short vowels, the mean Average F0 was 

167.5 Hz in accented vowels and 145.7 Hz in unaccented vowels. The mean Average F0 
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for long vowels was 162.3 Hz in accented vowels and 150.8 Hz in unaccented vowels. 

These results are presented in Table 6. 

Average F0 (Hz) 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio 

All 
Vowels 

Accented 165.2 1.286 144.2 1.086 173.9 1.041 142.8 1.176 178.7 0.967 179.4 1.463 

Unaccented 1474 1128 1360 0989 1673 0998 1278 1109 1625 0885 1529 1267 

p value < 0001 < 0001 < 0001 1414 <.0001 < 0001 

Short 
Vowels 

Accented 167.5 1.288 142,6 1.075 175.4 1.047 149.! 1.209 179.6 0.943 184.1 1.687 

Unaccented 147 1120 1307 0988 1666 0993 1280 1054 1594 0847 1522 1399 

p value <.0001 0098 <.0001 0483 <.0001 <.0001 

Long 
Vowels 

Accented 1623 1283 1471 1082 1703 1025 1376 1148 1777 954 1746 1595 

Unaccented 150.8 1.145 134.5 0.999 168.7 1.010 127.1 1.194 166.8 .874 154.2 1.404 

p-value <.0003 .0153 .3960 .6688 .0023 <.0001 

Table 6: Average F0 results - accented versus unaccented 

These results are similar to those found for F0 Peak; however there are more significant 

differences for Speaker 2. Average F0 is a correlate of PA in Blackfoot. 

6.1.3 F0 RANGE 

F0 Range was not found to be a significant variable of PA. While the results indicate a 

significant difference between the F0 Range in the vowels of Speaker 2, showing a 

greater Hz range in unaccented vowels versus accented vowels, this difference is not 

significant for any other speakers. This can be seen in Table 7. These results show that F0 

Range is not a correlate of PA in Blackfoot. 
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Fo Range (Hz) 
All 

Speakers 
Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

All 
Vowels 

Accented 28.0 23.2 15.1 26.1 14.7 40.4 

Unaccented 27.1 25.3 23.8 23.2 18.3 35.6 

p-value .4867 .3594 .0077 .3389 .1676 .0339 

Short 
Vowels 

Accented 26.6 22.6 15.9 24.5 17.1 38.3 

Unaccented 26.7 23.1 24.6 22.8 17.6 35,5 

p-value .9412 .8436 .0393 .7337 .9003 .3919 

Long 
Vowels 

Accented 29.7 24.3 13.0 27.3 12.1 42.6 

Unaccented 27.7 28.8 22.2 24.3 19.2 34.7 

p-value •3554 .3070 .0765 .3739 .0506 .0283 

Table 7: F0 Range results - accented versus unaccented 

6.1.4 FOPEAKTIME 

F0 Peak was found to be a significant variable for all speakers. The F0 peak occurs later in 

accented vowels, with an average F0 Peak Time value of .395, than for unaccented 

vowels, with an average F0 Peak Time of .215. When looking at short and long vowels 

individually, the results are the same, with later F0 peaks in accented vowels. Similar 

results were generally found for each speaker. These results are shown in Table 8. These 

results show that F0 Peak Time is a correlate of PA in Blackfoot. 
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F0 Peak Time All Speakers Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

All 
Vowels 

Accented .395 .356 .065 .581 .373 .430 

Unaccented .210 .258 .055 .229 .198 .233 

p-value <.0001 .0758 .7276 <.0001 .0011 <.0001 

short 

Accented .319 .263 .035 .530 .272 .399 

UnaccentedVowels  .198 .241 .052 .234 .198 .202 

p value < 0001 7376 5267 < 0001 3012 <.0001 

Long Vowels 

Accented .487 .527 .138 .623 .479 .462 

Unaccented .233 .289 .062 .167 .198 .298 

p value < 0001 0135 2333 < 0001 0003 < 0001 

Table 8: F0 Peak Time results - accented versus unaccented 

6.2 INTENSITY 

This section will present the results of the five pitch variables: dB Peak, Average dB, 

Total dB, dB Range and dB Peak Time. Figure 8 shows a waveform of the word pokón 

'ball' and the corresponding intensity contour, demonstrating the differences between the 

dB of the o in the first syllable and the ó in the second. 
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Figure 8: Intensity contour for pokón 'ball' - Speaker 4. 

6.2.1 dB PEAK 

dB Peak was found to be a significant variable for all speakers, with the mean for 

accented vowels at 74.1 dB, and at 71.3 dB for unaccented vowels. This variable is 

significant in both short and long vowels. For short vowels, the average F0 Peak was at 

74.4 dB in accented vowels and at 71.2 dB in unaccented vowels. The average F0 Peak 

for long vowels was at 73.7 dB in accented vowels and at 71.5 dB in unaccented vowels. 

Similar results were generally found for each speaker, as shown in Table 9. These results 

show that dB Peak is a correlate of PA in Blackfoot. 
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dB Peak Speakers 

All 
Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

- 

Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio 

All 
Vowels 

Accented 74.1 1.036 75.9 1.012 75.7 1.005 75.6 1.107 66.4 0.999 74.6 1037 

Unaccented 71.3 0.998 75.0 0998 73.6 0.983 72.6 1.066 64.6 .976 70.2 0.979 

p value <.0001 0573 0113 < 0001 0177 <.0001 

Short 
Vowels 

Accented 74.4 1.040 75.1 1.016 75.9 1.010 76.5 liii 66.8 1.006 75.1 1.047 

Unaccented 71.2 1.000 74.4 0.992 73.5 0.985 72.0 1.062 64.6 0.980 70.2 0.983 

p value <.0001 0203 0211 < 10001 0883 <.0001 

Long 
Vowels 

Accented 737 1.032 77.1 1.005 75.3 0.995 74.9 1.104 65.9 0.991 74.1 1.026 

Unaccented 71.5 0.994 76.1 1.010 74.0 0.981 74.5 1.076 64.6 0.970 70.2 0.973 

p-value <.0001 .5953 .2838 .0716 .0459 <.0001 

Table 9: dB Peak results - accented versus unaccented 

6.2.2 AVERAGE dB 

Average dB was found to be a significant variable for all speakers. The mean Average dB 

for accented vowels is 67.9 dB, and 64.5 dB for unaccented vowels. Additionally, the 

difference in Average dB between accented and unaccented vowels was found to be 

significant in both short and long vowels. For short vowels, the mean Average dB was 

67.9 dB in accented vowels and 64.1 dB in unaccented vowels. The mean Average dB for 

long vowels was 68.0 dB in accented vowels and 65.4 dB in unaccented vowels. Table 10 

shows the results for Average dB. These results show that Average dB is a correlate of 

PA in Blackfoot. 
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Average dB 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio 

All 
Vowels 

Accented 679 I 020 706 1000 679 0953 696 1071 625 0969 675 1044 

Unaccented 04.5 0.966 68.8 0.973 64.5 0.914 66.0 1.016 60.5 0.938 62.5 0.965 

p value < 0001 0012 0109 < 0001 0013 < 0001 

Short 
Vowels 

Accented 67.9 1.019 69.2 0.994 67.3 0.949 69.4 1.063 62.8 0.971 68.4 1.058 

Unaccented 641 0961 681 0967 638 0903 653 1010 598 0930 622 0960 

p value <.0001 0166 0239 < 0001 0051 < 0001 

Long 
Vowels 

Accented 68.0 1.021 72.8 1.009 69.1 0.959 69.9 1.078 62.3 0.967 66.5 1.028 

Unaccented 65.4 0.976 70.3 0.988 66.1 0.936 68,2 1.037 61.5 0.949 63.0 0.973 

palue <.0001 0329 2440 0130 1447 < 0001 

Table 10: Average dB results - accented versus unaccented 

6.2.3 TOTAL dB 

Total dB was found to be a significant variable for all both short and long vowels. 

Because duration is a component of the total dB measurement, the two vowel lengths 

cannot be examined together due to the inherent durational differences between long and 

short vowels. For short vowels, the average Total dB was 1131 dB in accented vowels 

and 904 dB in unaccented vowels. The average Total dB for long vowels was 1816 dB in 

accented vowels and 1535 dB in unaccented vowels. These results are given in Table 11. 

These results show that Total dB is a correlate of PA in Blackfoot. The Total dB is higher 

in accented vowels than unaccented vowels. 
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Total dB 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio 

Short 
Vowels 

Accented 1131 1.247 1240 1.148 1151 0.711 1056 1.532 861 1.262 1181 1.381 

Unaccented 0)4 .078 1021 1.033 646 0.624 829 1.226 717 1.005 1015 1.196 

p value <.0001 1023 0612 0067 0:129 0040 

Long 
Vowels 

Accented 1810 2.095 1984 1.923 1654 1.126 1831 2.524 1202 1.698 1991 2.320 

Unaccented 153 1711 1780 1799 1390 0810 1431 2005 1081 1561 1685 1880  

p-value <.0001 .1292 .0013 .0064 .2213 <.0001 

Table 11: Total dB results - accented versus unaccented 

6.2.4 dB RANGE 

dB Range was not found to be a significant variable of PA. While the results indicate a 

significant difference between the dB Range in the vowels of Speaker 2, and the short 

vowels of Speaker 3, they both show opposite patterns. 

dB Range All Speakers Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

All 
Vowels 

Accented 19.7 19.5 19.8 18.6 12.8 22.9 

Unaccented 20.3 21.0 25.7 18.6 14.0 21.6 

p-value .4537 .3491 .0201 .9646 .3709 .3121 

Short Vowels Unaccented 

Accented 19.6 19.7 21.9 22.1 14.3 19.4 

20.3 19.9 26.2 18.3 16.2 21.4 

p-value .4668 .9234 .1553 .0415 .3088 .2023 

Long Vowels Unaccented 

Accented 19.9 19.3 15.6 15.7 11.1 26.7 

20.3 22.9 24.6 19.5 10.9 21.9 

p-value .7449 .1703 .0563 .1568 .9240 .0117 

Table 12: dB Range results - accented versus unaccented 
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These results indicate that there is variability among speakers that cannot be 

attributed to PA. This can be seen in Table 12. These results show that dB Range is not a 

correlate of PA in Blackfoot. 

6.2.5 dB PEAK TIME 

dB Peak Time is later in accented vowels than it is in unaccented vowels, and this 

difference is significant for all speakers and all vowels. These results are generally the 

same for each speaker, although a significant p-value is only obtained in a few instances. 

The dB peak occurs later in accented vowels, with an average dB Peak Time value of 

.378, than for unaccented vowels, with an average dB Peak Time of .322. When looking 

at short and long vowels individually, the results are the same, with later dB peaks in 

accented vowels. Table 13 gives these results. 

dB Peak Time 
Ratio 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

All 
Vowels 

Accented .378 .354 .198 519 .268 .412 

Unaccented .322 .349 .175 .375 .228 .360 

p-value .0005 .8655 .4940 .0003 .3621 .0393 

Short Vowels Unaccented 

Accented .369 .347 .181 .505 .287 .422 

.327 .372 .141 .354 .230 .373 

p-value .0499 .5734 .2092 .0064 .3038 .1368 

Long Vowels 

Accented .390 .366 .231 .531 .247 .401 

Unaccented .311 .292 .243 .441 .226 .349 

p-value .0028 .1359 .8709 .1616 .7603 .1995 

Table 13: dB Peak Time results - accented versus unaccented 
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These results show that dB Peak Time is a correlate of PA in Blackfoot. The dB 

Peak is later in accented vowels than unaccented vowels. 

6.3 DURATION 

This section will present the results of the duration measurements. Figure 9 shows a 

waveform of the word pokón, and the spectrogram, demonstrating the durational 

differences between the Fo of the o in the first syllable and the ó in the second. 
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Figure 9: Spectrogram for pokón 'ball' - Speaker 4. 

The results from the duration measurements indicate that accented vowels are longer than 

unaccented vowels; however, these differences were not always significant. Speaker 4 

was the only speaker who showed durational differences in short vowels, and this 

difference was not found to be significant when averaged across all speakers. Although it 

is difficult to rule out duration as a correlate of PA in short vowels due to the fact that all 
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of the results indicate longer accented vowels, we cannot conclusively say that there is a 

real difference. However, for long vowels, there is a significant difference between the 

duration of accented and unaccented vowels. The mean duration for accented long 

vowels is 264.9 ms, while the mean duration for unaccented long vowels is 234.9 ms. 

Three of the speakers also showed significant durational differences in long vowels. 

These results can be seen in Table 14. 

Duration (ms) 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio 

Short 
Vowels 

Accented 1629 1.212 1606 1157 1705 0751 1526 1433 1372 1286 1752 1303 

Unaccented 147 1116 1499 1067 1576 0696 1274 1228 1181 1069 1660 1236 

p-value .0252 .2306 .2773 .0996 .0344 .3443 

Long 
Vowels 

Accented 264.9 2.082 272.0 1.916 240,1 1.377 257.2 2.456 194.6 1.763 297.2 2.208 

Unaccented '349 1744 2558 1797 2123 0850 2094 1929 1734 1609 2681 1934 

p-value <.0001 .2485 .0044 .0038 .1794 .0036 

Table 14: Duration results - accented versus unaccented 

These results show that Duration is a correlate of PA in Blackfoot long vowels. 

Long accented vowels are significantly longer than long unaccented vowels. 

6.4 VOWEL QUALITY 

Because different vowel lengths often display acoustic differences in vowel quality, long 

and short vowels will be considered separately when looking at vowel quality. Figures 

10-14 shows F1-F2 vowel charts for short vowels in each speaker. Vowel reduction in 

unaccented or unstressed syllables typically results in a more centralized position in the 

acoustic space; thus we would expect any differences in vowel quality to be manifested in 
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accented vowels closer to the periphery of the vowel space, while unaccented vowels are 

closer to the center. For example, Figure 10 shows that Speaker 1 tends to centralize short 

vowels, while Figure 11 shows that Speaker 2 maintains acoustic separation in short 

vowels. 
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Figure 10: F1-F2 Vowel chart for Speaker 1 - short vowels 
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Vowel Chart - Speaker 3 
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Figure 12: F1-F2 Vowel chart for Speaker 3 - short vowels 
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Vowel Chart - Speaker 5 
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Figure 14: F1-F2 Vowel chart for Speaker 5 - short vowels 
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The vowel charts in Figures 10 through 14 do not show any clear patterns for short 

vowels. Although there are some instances of unaccented vowels appearing closer to the 

center of the vowel space, such as the Ii/'s for Speaker 5, the /u/'s for Speaker 1, and 

possibly the /al's in Speaker 4, there does not appear to be large differences between 

accented and unaccented vowels. The same can be said for the long vowels, as shown in 

Figures 15-19. 
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Figure 15: F1-F2 Vowel chart for Speaker I - long vowels 
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Vowel Chart - Speaker 3 
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Figure 17: F3-F2 Vowel chart for Speaker 3 - long vowels 
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Figure 18: F1-F2 Vowel chart for Speaker 4 - long vowels 
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Vowel Chart - Speaker 5 
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Figure 19: F1-F2 Vowel chart for Speaker 5 - long vowels 
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The results for each vowel are given in Tables 15-17. The raw F1 and F2 averages 

are given; however, a ratio of F21F1 was used to compare tokens. There are significant 

differences in the vowel quality of accented versus unaccented short vowels, but 

differences in long vowels are not significant. 

Vowel Quality lit 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

Short 
Vowels 

Accented 

FilF1 

501 1862 578 1652 518 2052 483 1880 475 2469 454 1691 

3.811 2.926 3.963 3.927 5.226 3.773 

Unaccented 475 1983 544 1737 444 2406 492 2113 497 2372 409 1851 

F2/F1 4.351 3.286 5.538 4.401 5.080 4.616 

palue 0029 0653 0045 1661 7983 0002 

Long 
Vowels 

Accented 474 2220 575 1868 421 2578 488 2311 453 2877 397 2108 

F2/F1 4.895 3.288 6.163 4,626 6.453 5.430 

Unaccented 442 2315 510 1930 379 2580 503 2146 467 2822 396 2019 

F21F1 5.381 3.899 6.821 4.497 6.207 5.241 

p value 0581 0427 0432 7038 4133 6232 

Table 15: Vowel Quality hi results - accented versus unaccented 
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Vowel Quality La! 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

Short 
Vowels 

Accented 717 1431 732 1361 776 1501 667 1399 749 1627 675 1366 

F,/F, 2.008 1.861 1.940 2.134 2.190 2.031 

Unaccented 716 1354 724 1323 829 1451 728 1312 722 1675 669 1273 

F2/F1 1.898 1.829 1.757 1.804 2.320 1.911 

p-value M072 .5386 .0093 .0044 .2512 .0641 

Long 
Vowels 

Accented 

F2/F1 

700 1338 744 1349 858 1407 724 1316 626 1526 701 1328 

1.978 1.815 1.644 1.894 2.575 1,903 

Unaccented 718 1384 728 - 1302 880 1459 719 1345 543 1499 699 1261 

F2/F1 1.954 1.789 1.663 1.871 2.912 1.807 

p-value .7589 .7910 .8317 .8485 .3959 .1269 

Table 16: Vowel Quality IaJ results - accented versus unaccented 

Vowel Quality Lu! 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 F2 

Short 
Vowels 

Accented 503 904 554 837 462 963 520 940 534 1010 478 940 

F2/F1 1.828 1.527 2.103 1.589 1.929 1.988 

Unaccented 

F2/F1 

493 972 578 1020 431 949 507 822 507 935 450 999 

2.001 1.775 2.214 1.857 1.852 2.240 

paIue 0036 0195 4346 0011 5018 0107 

Long 
Vowels 

Accented 435 814 454 788 n/a n/a 451 788 370 723 444 874 

F2/F1 1.887 1.743 n/a 1.638 2.042 1.983 

Unaccented 452 834 743 877 395 936 474 735 342 767 439 769 

F2/F1 1.904 1.757 2.400 1.665 2.268 1.762 

p-value .8592 .9612 n/a .7153 .2036 .0524 

Table 17: Vowel Quality /u/ results - accented versus unaccented 

Taken together, these results show that vowel quality is a correlate of PA in 

Blackfoot short vowels. 
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6.5 SUMMARY AND DISCUSSION 

The results of the acoustic analysis leave little doubt that there are more correlates to 

Blackfoot PA than just pitch variables. Table 18 gives a summary of the results of the 

acoustic variable measurements. 

Both the F0 and dB Peak and Average variables are consistently correlated with 

pitch accent, conclusively demonstrating that both pitch and intensity are acoustic 

components of Blackfoot pitch accent. Both the F0 Peak and dB Peak occur later in 

unaccented versus accented vowels. Neither the F0 nor the dB Range correlate with pitch 

accent, suggesting that pitch (and intensity) movement is not important in distinguishing 

PA, as Fry (1958) claimed to be the case for pitch in distinguishing stress in English. 

Bf PA 
correlates 

All 
Short 
Vowels 

Long 
Vowels 

F0 Peak V V / 

Average F0 V V V 

FO Range 

FO Peak 
Time 

7 V V 

dB Peak / V / 

Average 
dB 

Vt / V 

Total dB n/a / V 

dB Range X X 

dB Peak 
Time 

x 

Duration n/a X V 

Vowel 
Quality n/a 1*, a, o* 

Table 18: Summary of acoustic results. * indicates that the significant 
difference was in opposite pattern as was expected. 
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Total dB is significantly correlated with PA in Blackfoot. This is surprising, in 

that Beckman (1986) claimed that Total Amplitude (which is the same variable as Total 

dB) was the most important correlate in distinguishing stress from PA based on her 

research on English and Japanese. However, researchers (Sluijter 1995, van Heuven and 

Sluijter 1996) have claimed that the primary correlate of stress with respect to intensity is 

spectral balance, and not measurements such as Total Amplitude. This will be discussed 

further in the next section. 

The results of the duration measurements consistently showed accented vowels to 

be longer than unaccented vowels in Blackfoot, although many of these results did not 

prove to be significant, primarily with respect to short vowels. Although we cannot rule 

out the non-significant cases, primarily when all of the averages show the expected 

pattern, we cannot conclude that duration is a correlate of PA in short vowels. However, 

the results do show that duration is significantly correlated with accent in long vowels. 

This is an interesting result in that Sluijter (1995) showed duration to be the most robust 

correlate of stress in English and Dutch. Although it may be a robust correlate, based on 

the results of duration in Blackfoot, it cannot be said to be an important distinguishing 

characteristic of stress languages. 

The results of the vowel quality measurements show a lot of inter-speaker 

variability, with no clear patterns emerging. Although all short vowels do show 

significant differences in vowel quality when the results from all speakers are averaged 

together, there is still a lot of inter-speaker variability. Just by glancing at Tables 11-13 in 

§5.5 and seeing the haphazard shading, we can see that no clear pattern can be identified. 

In fact, out of the three short vowels that showed significant differences overall between 
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accented and unaccented conditions, neither of the high vowels showed the expected 

direction of reduction. 
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Chapter Seven 

Level Accents - Electroglottographic Results 

The results of the articulatory analysis of level accented vowels versus unaccented 

vowels will be presented in this chapter. 

A total of 81 accented short vowels were analyzed; 36 for Speaker 1, 25 for 

Speaker 3 and 20 for Speaker 4. Additionally, a total of 72 accented long vowels were 

analyzed; 24 for Speaker 1, 30 for Speaker 3 and 18 for Speaker 4. A total of 166 

unaccented short vowels were analyzed; 74 for Speaker 1, 56 for Speaker 3 and 36 for 

Speaker 4. Finally, a total of 75 unaccented long vowels were analyzed; 32 for Speaker 1, 

18 for Speaker 3 and 25 for Speaker 4. 

7.1 GLOTTAL SKEW 

The Glottal Skew results indicate that there is some increase in vocal fold tension in 

accented vowels, however, the differences are small and not consistently significant. 

Additionally, Speaker I shows a large and significant increase in vocal fold tension in 

unaccented vowels. These inconsistencies suggest that while there are some significant 

increases in vocal fold tension in accented vowels, this increase in tension may not be 

necessary in the production of PA in Blackfoot. The results are certainly not as clear as 

the results from the pitch and intensity measurements. 
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Glottal Skew 
All 

Speakers 
Speaker 1 Speaker 3 Speaker 4 

All 
Vowels 

Accented 31.0 39.8 22.8 29.2 

Unaccented 33.4 38.8 25.3 34.1 

p value 0179 3982 0322 0026 

Short VS 

Accented 31.0 38.9 23.7 26.7 

Unaccented 33.7 39.7 25.4 35.6 

p%alue 0505 5900 2560 <.0006 

Long 

Accented 31.0 41.3 21.9 31.7 

UVowels naccented 32.9 37.0 25.0 32.0 

p-value .2381 .0167 .1782 .8367 

Table 19: Glottal Skew results - accented versus unaccented 

7.2 OPEN QUOTIENT 

Most of the values for OQ indicate that the glottis is open for a shorter portion of the 

glottal cycle in accented versus unaccented vowels, which is the opposite pattern to what 

we had predicted if OQ was correlated with PA in Blackfoot. However, this difference is 

not significant when averaged across all speakers. Speaker 1 does show a significant 

difference when all vowels are considered; however, the inconsistent results of Speaker 4 

lead us to question whether this variable is a necessary correlate of PA. Table 20 shows 

these results. Overall, the results indicate that OQ is not a correlate of PA in Blackfoot. 
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Open Quotient All Speakers - Speaker 1 Speaker 3 Speaker 4 

All 
Vowels 

Accented 51.0 51.5 50.9 50.3 

Unaccented 51.1 52.2 50.9 49.4 

p-value .7688 .0510 .9179 .1636 

Short 
VS 

Accented 51.0 51.8 50.7 50.0 

Unaccented 51.4 52.6 50.7 50.0 

p-value .3615 .0975 .9480 .9306 

Long 

Accented 50.9 51.0 51.1 50.6 

UnaccentedVowels  50.4 51.4 51.6 48.4 

p-value .1889 .3786 .4921 .0187 

Table 20: Open Quotient results - accented versus unaccented 

7.3 SILENCE 

Recall from §5.3.1 that silence is a measurement of the amount of time the vocal folds are 

not active. This is related to the amount of devoicing within the vowel. In most instances, 

there was less silence in accented vowels than in unaccented vowels; however, this 

difference was only significant for long vowels and all vowels combined for Speaker 4. 

When the results for all speakers were considered, no significant difference was found. 

Although some Speaker 4 shows less devoicing in accented vowels than unaccented, this 

does not appear to be a necessary variable in distinguishing accented versus unaccented 

vowels in Blackfoot based on the results of the other two speakers. Table 21 shows these 

results. 



77 

Silence (nis) All Speakers Speaker 1 Speaker 3 Speaker 4 

All 
Vowels 

Accented 22.6 11.6 42.2 12.5 

Unaccented 26.2 7.7 54.8 24.6 

p-value .3384 .1457 .1276 .0371 

Short Vowels Unaccented 

Accented 25.5 13.4 52.4 11.7 

26.5 6.2 57.1 18.6 

p-value .8435 .0283 .6472 .3613 

Long Vowels 

Accented 19.2 8.6 32.3 13.3 

Unaccented 25.6 10.6 45.7 33.2 

p-value .2722 .6620 .4059 .0260 

Table 21: Silence results - accented versus unaccented 

7.4 SUMMARY AND DISCUSSION 

Table 22 summarizes the results of the EGG variables. 

Bf PA 
correlates 

All 
Short 
Vowels 

Long 
Vowels 

Glottal 
Skew 

v 
Open 
Quotient 

Silence X X 

ble 22: Summary of EGG results - accented versus unacceni ed 

The results of the articulatory analysis using the EGG show that accented vowels in 

Blackfoot are very different from stressed vowels in English or Dutch. While Sluijter 

(1995) found spectral balance (the acoustic correlate of glottal skew) to be a strong 

correlate of stress in English, with stressed vowels manifesting as an increase in vocal 

fold tension, the Blackfoot data shows that accented vowels have less vocal fold tension 
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than unaccented vowels. Additionally, OQ was found by Sluijter to be a correlate of 

English stress (she did not test this for Dutch), but it was not found to be correlated with 

PA in Blackfoot. The OQ results for Blackfoot indicated a pattern opposite to the stress 

results; however, the differences were not significant for the OQ variable. 

These results suggest that the configuration of the vocal folds in the production of 

accented vowels differs from that of stressed vowels. More vocal fold tension resulting in 

an increased speed of vocal fold abduction, as well as a longer open phase of the glottal 

pulse, is an articulatory characteristic of stress, while these characteristics are not 

necessary in PA. Sluijter (1995) has argued that vocal fold tension (resulting in 

differences in spectral balance) is one of the strongest correlates of phonetic stress; based 

on the results of this study, vocal fold tension appears to be more important in marking 

phonetic stress than PA. However, in order to determine the relative importance of vocal 

fold tension in Blackfoot, we will turn to another statistical tool, the discriminant function 

analysis, in §9.1. 
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Chapter Eight 

Contour Pitch Accent Results 

This chapter will present the results of the acoustic analysis of contour pitch accents in 

Blackfoot. Recall that contour accents arise from PA falling on only one mora of a long 

vowel. Section 7.1 will compare level, accented, long vowels with rising accents; §7.2 

will compare level, accented, long vowels with falling accents. 

A total of 21 rising vowels were analyzed; 6 for Speaker 1, 2 for Speaker 2, 8 for 

Speaker 3, 0 for Speaker 4 and 5 for Speaker 5. A total of 39 unaccented short vowels 

were analyzed; 11 for Speaker 1, 4 for Speaker 2, 3 for Speaker 3, 33 for Speaker 4 and 

18 for Speaker 5. The contour vowels were measured against the accented long vowels, 

the number of tokens are given again here: a total of 133 accented long vowels were 

analyzed; 24 for Speaker 1, 11 for Speaker 2, 30 for Speaker 3, 18 for Speaker 4 and 50 

for Speaker 5. 

Due to the smaller number of tokens for the contour vowels, rather than using t-

tests for homoscedastic groups, t-tests for groups with unequal variances were used, again 

using Microsoft Excel 2002. The groups were assumed to have an unequal amount of 

variance due to the much larger groups of accented level vowels that the contour vowels 

were compared with. Additionally, due to some of the small number of tokens in some of 

the per speaker contour groups, t-tests were only performed on the results from all 

speakers. Raw values are still given for each of the individual speakers' results in order to 

examine the consistency of results across speakers. 
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8.1 RISING ACCENTS 

This section will present the results of the rising accent measurements. Figure 20 shows a 

waveform of a rising accent, and the corresponding pitch and intensity contours. The 

pitch contour is the dotted line, and the intensity contour is the solid line. 
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Figure 20: Pitch and intensity contour for the rising PA in niippo 'thirty' - Speaker 3. 

8.1.1 FQPEAKTIME 

F0 Peak Time was found to be a significant variable when averaged across all speakers. 

Although not all differences were found to be significant for individual speakers, this is 

likely a result of a small sample size in rising accents. The mean F0 Peak Time for 

accented vowels is .487 and .701 for rising vowels, indicating a later pitch peak in rising 

vowels. These results are given in Table 23. 
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F0 Peak Time -  
Rising versus 

Level 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Accented .4S7 .527 .138 .623 n/a .462 

Rising .701 .728 .638 .687 n/a .716 

p-value <.001 n/a n/a n/a n/a n/a 

Table 23: F0 Peak Time results - rising versus level accents 

These results show that F0 Peak Time is a correlate of rising PA in Blackfoot. The 

F0 Peak is later in rising vowels than level accented vowels. 

8.1.2 F0 RANGE 

F0 Range was found to be a significant variable when averaged across all speakers. 

Although not all differences were found to be significant for individual speakers, this is 

likely a result of a small sample size in rising accents. The mean F0 Range for accented 

vowels is 30.7 Hz and 43.4 Hz for rising vowels, indicating more pitch movement in 

rising vowels. These results are given in Table 24. 

F0 Range (Hz) - 

Rising versus 
Level 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Accented 30.7 24.3 13.0 29.4 n/a 43.5 

Rising 43.4 31.5 16.5 53.6 n/a 54.2 

p-value .005 n/a n/a n/a n/a n/a 

Table 24: F0 Range results - rising versus level accents 

These results show that F0 Range is a correlate of rising PA in Blackfoot. 
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8.1.3 dB PEAK TIME 

dB Peak Time was found to be a significant variable when averaged across all speakers. 

Although not all differences were found to be significant for individual speakers, this is 

likely a result of a small sample size in rising accents. The mean F0 Peak Time for 

accented vowels is .390 and .535 for rising vowels, indicating a later pitch peak in rising 

vowels. These results are given in Table 25. These results show that dB Peak Time is a 

correlate of rising PA in Blackfoot. The dB Peak is later in rising vowels than level 

accented vowels. 

dB Peak Time - 
Rising versus 

Level 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Accented .390 .366 .231 .531 n/a .401 

Rising .533 .373 .103 .630 n/a .741 

p-value .007 n/a n/a n/a n/a n/a 

Table 25: dB Peak Time results - rising versus level accents 

8.1.4 dB RANGE 

dB Range was found to be a significant variable when averaged across all speakers. 

Although not all differences were found to be significant for individual speakers, this is 

likely a result of a small sample size in rising accents. The mean dB Range for accented 

vowels is 19.9 dB and 28.7 dB for rising vowels, indicating greater dB movement in 

rising vowels. These results are given in Table 26. 
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dB Range 
Rising versus 

Level 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Accented 19.9 19.3 15.6 15.7 n/a 26.7 

Rising 28.7 28.5 34.1 26.3 n/a 30.8 

p-value <.001 n/a n/a n/a n/a n/a 

Table 26: dB Range results - rising versus level accents 

These results show that dB Range is a correlate of rising PA in Blackfoot. 

8.1.5 DURATION 

Duration was not found to be correlated with rising versus level accents in Blackfoot. 

Although there is a longer duration in rising versus level PA when averaged across all 

speakers, results show a high degree of inter-speaker variability, as given in Table 27. 

These results show that Duration is not a correlate of rising accent in Blackfoot. 

Duration (ms) - 

Rising versus 
Level 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio 

Accented 264.9 2.095 272.0 1.916 240.1 1.377 257.2 2.500 n/a n/a 297.2 2.208 

Rising 298.6 2.348 242.8 1.797 297.5 1.025 237.8 2.413 n/a n/a 463.2 3.435 

p-value .100 n/a n/a n/a n/a n/a 

Table 27: Duration results - rising versus level accents 

8.2 FALLING ACCENTS 

This section will present the results of the falling accent measurements. Figure 21 shows 

a waveform of a falling accent, and the corresponding pitch and intensity contours. The 

pitch contour is the dotted line, and the intensity contour is the solid line. 
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Figure 21: Pitch and intensity contour for the falling PA in aplisi 'coyote' - Speaker 3. 

8.2.1 FOPEAKTIME 

F0 Peak Time was found to be a significant variable when averaged across all speakers. 

Although not all differences were found to be significant for individual speakers, this is 

likely a result of a small sample size in falling accents. The mean F0 Peak Time for level 

accented vowels is .487 and .160 for falling vowels, indicating an earlier pitch peak in 

falling vowels. These results are given in Table 28. 

F0 Peak Time - 
Falling versus 

_Level  - 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Accented .4S7 .527 .138 .623 .479 .462 

Falling .160 .206 0 .108 .261 .178 

p-value <.001 n/a n/a n/a n/a n/a 

Table 2$: F0 Peak Time results - falling versus level accents 



85 

These results show that F0 Peak Time is a correlate of rising PA in Blackfoot. The 

Fo Peak is later in falling vowels than level accented vowels. 

8.2.2 F0 RANGE 

F0 Range was found to be a significant variable when averaged across all speakers. Only 

Speaker 3 did not show a significant difference of F0 Range in falling versus level 

accents. The mean F0 Range for accented vowels is 30.7 Hz and 69.8 Hz for falling 

vowels, indicating more pitch movement in rising vowels. These results are given in 

Table 29. 

F0 Range (Hz) - 

Falling versus 
Level 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Accented 30.7 24.3 13.0 29.4 12.1 43.5 

Falling 69.8 51.4 47.4 39.0 65.7 89.0 

p-value <.001 n/a n/a n/a n/a n/a 

Table 29: F0 Range results - falling versus level accents 

These results show that F0 Range is a correlate of falling PA in Blackfoot. 

8.2.3 dBPEAKTIME 

dB Peak Time was found to be a significant variable when averaged across all speakers. 

Although not all differences were found to be significant for individual speakers, this is 

likely a result of a small sample size in falling accents. The mean dB Peak Time for level 

accented vowels is .390 and .240 for falling vowels, indicating an earlier intensity peak in 

falling vowels. These results are given in Table 30. 
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dB Peak Time - 
Falling versus 

Level 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Accented .390 .366 .231 .531 .247 .401 

Falling .240 290 .113 .127 .135 273 

p-value <.001 n/a n/a n/a n/a n/a 

Table 30: dB Peak Time results - falling versus level accents 

These results show that dB Peak Time is a correlate of PA in Blackfoot. 

8.2.4 dB RANGE 

dB Range was found to be a significant variable when averaged across all speakers. 

Although not all differences were found to be significant for individual speakers, this is 

likely a result of a small sample size in falling accents. The mean dB Range for level 

accented vowels is 19.9 dB and 28.9 dB for falling vowels, indicating greater dB 

movement in falling vowels. These results are given in Table 31. 

dB Range - 
Falling versus 

Level 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Accented 19.9 19.3 15.6 15.7 11.1 26.7 

Falling 28.9 28.6 33.8 24.4 28.9 28.7 

p-value <.001 n/a n/a n/a n/a n/a 

Table 31: dB Range results — falling versus level accents 

These results show that dB Range is a correlate of falling PA in Blackfoot. 
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8.2.5 DURATION 

Duration was not found to be correlated with falling versus level accents in Blackfoot. 

Although there is a longer duration in rising versus level PA when averaged across all 

speakers, results show a high degree of inter-speaker variability, as given in Table 32. 

These results show that Duration is not a correlate of contour PA in Blackfoot. 

Duration (ms) - 

Falling versus 

All 
Speakers 

Speaker 1 Speaker 2 Speaker 3 Speaker 4 Speaker 5 

Level Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio Raw Ratio 

Accented 264.9 2.095 272.0 1,916 240.1 1.377 257.2 2.500 194.6 1.763 297.2 2.208 

Falling 297.4 2.098 292.8 2.020 309.0 1.058 284.7 2.480 252.0 2.264 307.3 2.285 

p-value .978 n/a n/a n/a n/a n/a 

Table 32: Duration results - falling versus level accents 

8.3 SUMMARY AND DISCUSSION 

Table 33 presents a summary of the results of the contour accent measurements. 

Table 

Correlates 
of Rising 
Accent 

Rising Falling 

F0 Peak 
Time 

,,' 

F0 Range V / 

dB Peak 
Time 

/ 

dB Range  

Duration X 

3: Summary of results - contour versus level accent 
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The results of the acoustic analysis of contour PAs show that both pitch and intensity are 

involved in distinguishing contour PAs from level accents. As expected, rising PAs are 

phonetically marked by later F0 and dB Peaks than level PAs. Falling PAs are 

phonetically marked by earlier F0 and dB Peaks than level PAs. Both rising and falling 

contour PAs have greater F0 and dB Range than level PAs, confirming that pitch and 

intensity movement are important in contour PAs. Although duration appears to be longer 

in contour PAs, we cannot conclude that duration is a correlate of contour PAs because 

the results were not significant. 
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Chapter Nine 

Rankings: Discriminant Analysis and General Discussion 

The previous three chapters presented the results of the acoustic and articulatory analyses 

along with simple t-tests to determine the significance of each variable. This chapter will 

present the relevant results of a discriminant analysis in order to determine the relative 

importance of each variable. All of the variables examined in this study are listed in (21) 

and (22) from chapter five, and are repeated again here in (23) and (24). 

(23) Dependent Variables: Accented versus Unaccented 
a. F0 Peak 
b. Average F0 
c. F0 Range 
d. F0 Peak Time 
e. dB Peak 
f. Average dB 
g. Total dB 
h. dB Range 
i. dB Peak Time 
j. Duration 
k. Vowel Quality 
I. Glottal Skew 
in. Open Quotient (OQ) 
n. Silence 

(24) Dependent Variables: Contour versus Level PA 
a. F0 Peak Time 
b. F0 Range 
c. dB Peak Time 
d. dB Range 
e. Duration 



90 

9.1 SUMMARY AND DISCRIMINANT FUNCTION ANALYSIS 

A discriminant function analysis (DFA) was run using SPSS version 11.0 to determine 

which variables contribute the most in discriminating accented versus unaccented vowels. 

The DFA calculates structure coefficients (SCs) and standardized canonical 

discriminant function coefficients (CFCs). The SCs calculate simple correlations between 

the variables, while the CFCs indicate the amount that each dependent variable (i.e. F0 

Peak, Average F0, etc.) helps discriminate between the independent variables (accented 

versus unaccented vowels). The higher the absolute value of a SM or CFC, the greater its 

correlation with, or its contribution to, the discrimination between accented and 

unaccented vowels. While a variable with a higher absolute SM has a higher correlation 

with PA, a variable with a higher CFC is a "more important" variable. 

SPSS calculates the CFCs in a stepwise manner, adding and removing variables 

until the only variables that remain are ones that make a significant difference in the 

discrimination of PA. 

Levene's Test of Equality of Error Variances was used to determine the 

homoscedasticisity of the variables (amount of variance). A significance level below .05 

was considered too much variance for the variable to be included in the DFA (thus 

violating the assumption of equal variance). For this reason, neither dB Range nor F0 

Peak Time were included in the DFA, as their Levene significance levels were <.001 and 

.035 respectively. All of the other variables' significance levels were above .05 and were 

thus included in the DFA. 

The resulting CFCs and SM for all vowels taken together are given in Table 34. 
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All Vowels CFC SC 

Average F0 .630 .814 

Average dB .609 .799 

dB Peak - .672 

F0 Peak - .580 

dB Peak 
Time 

- 327 

Glottal 
Skew 

- 

- . 133 

Silence - .108 

Open 
Quotient 

- 

079 

F0 Range - .021 

Table 34: Summary of DFA - All vowels. 

These results show that the only two variables needed to distinguish accented from 

unaccented vowels in Blackfoot are Average F0 and Average dB. While the remaining 

variables are ranked by the SMs, their effect on distinguishing PA are cancelled out by 

the Average F0 and Average dB variables. 

A separate DFA was also performed on the results of short and long vowels. 

Again, F0 Peak Time and dB Range were not measured as their Levene's significance 

levels were .004 and .011 respectively. The results of the DFA on short vowels are given 

in Table 35. 
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Short 
Vowels 

CFC SC 

Average F0 .903 .720 

F0 Peak - .659 

Total dB .750 .474 

Duration - .422 

Average dB - .403 

dB Peak - .383 

Fo Range - .153 

dB Peak 
Time 

- 076 

Open 
Quotient 

- 

- .032 

Silence -.523 .011 

Glottal 
Skew  

- 

- .005 

Table 35: Summary of DFA - Short vowels. 

These results demonstrate that the combination of Average F0, Total dB, and Silence can 

be used to distinguish between accented and unaccented vowels, although Silence is 

relatively unimportant (in fact, if we look back at the t-tests in §7.3, Silence was not 

statistically significant). The loss of Average dB as a contributing factor is likely due to 

the appearance of Total dB, which would cancel out the effects of Average dB. 

The Levene's significance levels required us to remove F0 Range, F0 Peak Time 

Total dB and Duration from the DFA for long vowels. Their Levene's significance levels 

were .003, .007, <.001 and <.001 respectively. The results of the DFA on long vowels are 

given in Table 36. 
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Long 
Vowels 

CFC SC 

Average dB .732 .864 

dB Peak - .720 

Average F0 .521 .706 

F0 Peak - .465 

dB Peak 
Time 

- 376 

Glottal 
Skew 

- 

- . 185 

Open 
Quotient 

- 125 

Silence - -.05 

dB Range - .028 

Table 36: Summary of DFA - Long vowels. 

Like the DFA for all vowels, these results show Average dB and Average F0 to be the 

most important variables for distinguishing accented from unaccented vowel in 

Blackfoot. 

9.2 DIscuSsioN 

Of the four pitch variables in (32a-d), three were found to be significantly correlated with 

PA: F0 Peak, Average F0 and F0 Peak Time, while F0 Range was not. This data is 

consistent with past phonetic research on PA languages (Beckman 1986) in that the F0 

level is an important correlate of PA. The most important pitch variable is Average F0, 

indicating that a higher F0 is maintained throughout much of the vowel. 

All of the intensity variables in (32e-i) were found to be significantly correlated 

with PA with the exception of dB Range. These results mirror the results found in the 

pitch variables. However, unlike the pitch variables, significant intensity variables in a 



94 

PA language were not predicted in a PA language by past research (Beckman 1986). 

These results do confirm those found in Van Der Mark (2001) where Average dB was 

found to be a significant correlate of PA in Siksika Blackfoot. However, the results 

reported in Van Der Mark (2001) were a product of elicitations with different consultants 

than were used for the present research. The lack of a significant correlation for dB Peak 

in Van Der Mark (2001) was likely due to the smaller sample size of the data examined. 

A larger sample size increases the likelihood of finding a significant result. Additionally, 

the DFA demonstrated that Average dB is a more important correlate of Blackfoot PA 

than dB Peak. 

The relative importance of intensity as a correlate of PA in Blackfoot is somewhat 

surprising in that the DFA identified Average dB as nearly as strong a discriminating 

variable of PA as Average F0, the strongest pitch correlate. These results would be 

problematic from a viewpoint such as Beckman's (1986), which considers intensity to be 

a strong distinguishing characteristic of stress only. However, overall intensity (intensity 

measured at all frequencies of the acoustic signal) is considered, at most, a weak correlate 

of stress, as expressed by Sluijter (1995) and Sluijter and van Heuven (1996). The results 

in this study thus become less problematic because intensity can no longer be a 

considered a crucial factor in distinguishing PA from stress if it is not consistently found 

to be a strong correlate of stress. 

We must also consider the fact that to some extent, pitch and intensity changes are 

linked; an increase in pitch can be accompanied by an increase in intensity due to the 

physical factors that affect them both. For example, an increase in subglottal pressure will 

increase the velocity of glottal airflow and consequently increase the both the amplitude 
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(intensity) and frequency of a waveform. In order to further explain this, we will turn to a 

discussion of the different forces involved in vocal fold vibration. 

The relationship governing the rate of vocal fold vibration is represented by the 

formulae given in (25). 

(25) Forces of Phonation (cf. Lieberman and Blumstein 1988:101-102) 
a. Fas = Fpj,in,ona,y X A 
b. Fas FbFg ma 

In these equations Fas represents the aerostatic force that is generated by the air pressure 

on the lower surface of the vocal folds. This measurement combines the air pressure from 

the lungs, Fpt4 i,;,ona,y, and the surface area of the vocal folds, A. This is represented in 

(25a). The formula in (25b) governs the rate of vocal fold vibration. In this formula Fb 

equals the Bernoulli force which pulls the vocal folds together as air passes through; F1 is 

the tissue force (or vocal fold tension, as discussed throughout this thesis); in equals mass 

of the vocal folds and a equals the acceleration of the vocal folds. When the glottis is 

closed at the beginning of a glottal cycle, aerostatic force (F) is at its maximum. If Fas is 

greater than the sum of the Bernoulli force (Fb) and tension (F1), the vocal folds adduct. 

This causes a decrease in the Bernoulli force and the aerostatic force. The tension then 

increases, helping to pull the vocal folds together, and completing the cycle. In order to 

increase the F0 of a speech sound, vocal fold vibration (represented by a above) must 

increase. There are two ways of doing this. The first is to increase the aerostatic force. 

Because we cannot increase the surface area of our vocal folds, this must be done by 

increasing air pressure from the lungs. The second possible way of increasing 

acceleration is by increasing the tissue force, or tension. 



96 

If the primary goal of marking prominence in a PA language is to increase the F0 

(hence, pitch) of an accented vowel, then at least one of the two methods discussed above 

must be utilized. The results of the articulatory analysis revealed Glottal Skew to be a 

weak correlate at best of PA, demonstrating that Blackfoot speakers do not employ a 

marked increase in tissue force (vocal fold tension) as a means of increasing the 

acceleration of vocal fold vibration. Given the lack of vocal fold tension in Blackfoot 

accented vowels, we can see the necessity of an increase in airflow in order to raise the 

pitch, and thus a concomitant increase in intensity. We can now see how a PA language 

like Blackfoot can show Average dB as a significant correlate of PA without being a 

stress language. 

The final variable related to intensity, Total dB (which is dB measured as a 

function of time), was found to be a significant correlate of PA in Blackfoot for both 

short and long vowels. Beckman (1986) considered Total dB to be the most important 

variable in distinguishing stress languages from PA. Her claim falls out of the fact that 

she compared English with Japanese, a PA language in which Total dB is not a correlate. 

However, unlike Japanese, Total dB is a significant correlate of PA in Blackfoot, 

indicating that Total dB as a method of indicating prominence is not unique to stress 

systems. I propose that this increase of Total dB in accented vowels is due to the same 

mechanisms proposed above for Average dB, namely an increase in airflow and not vocal 

fold tension. 

The two peak time variables, F0 Peak Time and dB Peak Time, were both found 

by the t-tests to be correlates of PA in Blackfoot. The F0 and dB peaks occur later in 

accented vowels than in unaccented vowels. While the reasons are not entirely clear, I 
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propose that the earlier peak times in unaccented vowels are a result of a phonetic 

characteristic of Blackfoot not hitherto discussed, namely a decreased acoustic saliency in 

the final half of many Blackfoot vowels. As the later F0 and dB Peak Times show, this 

decrease in saliency is not as strong accented vowels than unaccented vowels. The 

devoicing that occurs in the final portions of many Blackfoot vowels, as outlined in 

§2.2.2, is another manifestation of this decrease in acoustic saliency. The increase in 

Silence in the final portion of unaccented vowels discussed later in this section also 

supports this claim. 

Recall, however, that the peak times were not selected as distinguishing variables 

of level accented versus unaccented vowels by the DFA. I speculate that this is likely due 

to a relative importance of the peak time variables in distinguishing contour PAs from 

level PAs. 

Duration was found to be consistently longer in accented versus unaccented 

vowels in Blackfoot, and this difference was significant for both short and long vowels. 

These results differ from other pitch accent languages such as Japanese (Beckman 1986) 

and NB Basque (Hualde et al. 2000). Additionally, Sluijter (1995) showed that duration 

was the most robust correlate of stress in English and Dutch, but the Blackfoot data 

indicates that it cannot be considered a primary distinguishing variable unique to stress 

languages. 

The results of the vowel quality analysis indicate that there is a lot of inter-

speaker variability, suggesting that vowel quality distinctions are not important correlates 

of PA in Blackfoot. Vowel quality appears to play a much greater role in marking 

prominence in stress languages than in PA languages. I propose that it is in fact tension in 
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both the vocal folds and the entire vocal tract that contributes to the changes in vowel 

quality in stress languages (c.f. Fulop 1994). 

As discussed above, Glottal Skew, which is a measurement of vocal fold tension, 

was found to be weakly correlated with PA when averaged across all speakers. However, 

this correlation was not strong, as indicated in the DFA. The weakness of this correlate, 

along with the differing results among each of the speakers leads us to conclude that this 

is not a strong correlate of PA in Blackfoot. Sluijter (1995) and Sluijter and van Heuven 

(1996) have suggested that this one of the primary phonetic characteristics of stress. The 

results of this study show support the notion that vocal fold tension is a distinguishing 

characteristic of stress, and not PA, at least with respect to Blackfoot. 

The second EGG measurement, OQ, was not found to show any significant 

differences between accented and unaccented vowels. Sluijter (1995) did find OQ to be 

correlated with stress in English, although it is not as strong as other correlates such as 

duration and spectral balance. The OQ does not seem to be a distinguishing characteristic 

with respect to PA or stress in studies to date. 

The final EGG measurement, Silence, did not show significant differences 

between accented and unaccented vowels; however, the results did show less silence 

(attributed to less devoicing) in accented vowels. The DFA for short vowels indicates 

Silence is a weak contributing factor in distinguishing accented from unaccented vowels. 

Additionally, the relatively consistent higher Silence values for unaccented vowels across 

both long and short vowels as well as across speakers suggests that Silence is a 

characteristic of Blackfoot PA. This silence contributes to the weaker acoustic saliency of 

the final half of unaccented vowels as discussed above with respect to peak time 
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measurements. When looking at the raw data from the Silence results, there is much more 

overlap found in the accented versus unaccented groups than was found with the other 

variables, which likely contributed to the fact that the t-tests were not powerful enough to 

find a statistically significant difference. 

An important characteristic of Blackfoot is the existence of contour PAs. This 

type of contour prominence does not occur in stress languages. Five variables were 

measured with respect to both rising and falling PA: F0 Peak Time, F0 Range, dB Peak 

Time, dB Range and Duration. Rising accents in Blackfoot are significantly characterized 

by later F0 and dB Peak Times, and greater F0 and dB Ranges than level accents, while 

falling accents are characterized by earlier F0 and dB Peak Times, and greater F0 and dB 

Ranges than level accents. Although duration was not found to be a significant correlate 

of contour PAs, vowel duration was consistently longer in both rising and falling accents 

than level accents. The lack of significance may be a result of the smaller number of 

tokens measured, but we cannot say this with any certainty. A DFA was not used to 

analyze the contour PAs, due to the smaller number of tokens that resulted in a large 

amount of between-group variances which would thus create unreliable DFA results. 

However, the robustness of the results found for the four significant variables - F0 Peak 

Time, F0 Range, dB Peak Time, and dB Range - despite the relatively small number of 

tokens, suggests that these are all important correlates of both rising and falling PAs. 

The results presented here indicate that Blackfoot is neither like Japanese nor 

English in its phonetic manifestations of prominence. While pitch appeared as the only 

correlate of PA in Japanese, the results from Blackfoot show that measurements of 

intensity and duration can also be correlated with PA, negating the assumption that these 
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are uniquely distinguishing characteristics of stress languages. Due to the existence of 

contour PAs and the importance of Average F0 as a distinguishing factor of accented 

vowels, Blackfoot is indeed considered to be a PA language. Vocal fold tension was not 

found to be a correlate of PA in Blackfoot, indicating that an increase in tension is a more 

typical distinguishing phonetic characteristic of stress. 
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Chapter Ten 

Conclusions 

In this chapter I reconsider aspects of the experimental design, give suggestions for 

further research, and finish with some concluding remarks. 

10.1 CONSIDERATION OF RESEARCH DESIGN 

While the experimental design used in this study has certain drawbacks, the results have 

shown that these shortcomings appear not to have affected the results. In order to have 

the largest sample size possible, I chose to use all of the vowels (according to the criteria 

outlined in §5.1) that were elicited, therefore resulting in an unequal number of tokens in 

each group. For example, there was a much greater number of unaccented short vowels 

than any of the other vowels, and there was a much greater number of tokens analyzed 

for Speaker 5. Additionally, due to the fact that I was unable to get the same wordlists for 

each speaker due to differences in their vocabulary, I felt it would be irresponsible to pick 

and choose which words would be included simply to ensure equality among each group. 

However, the statistical tests used in this study do take into consideration the different 

number of tokens in each group. Moreover, the consistency of the results found across all 

speakers and across both long and short vowels demonstrates the validity of the results. 

The small number of tokens measured for the contour PAs results from the small 

number of contour PAs in the Blackfoot lexicon. Additionally, a primarily spoken 

language such as Blackfoot typically shows a large variation in the lexicon among 

individual speakers and individual dialects due to the lack of standardization that a 
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widespread writing system would impose. Often consultants did not have the contour PA 

words selected from the dictionary in their ready vocabulary, which thus decreased the 

amount of contour PAs that were elicited. Nevertheless, the robustness of the results for 

both rising and falling PAs suggests that 170 Range, dB Range, 170 Peak Time, and dB 

Peak Time would be found significant even with a larger sample size. It remains unclear 

whether the lack of significant results found for duration in contour vowels can be 

attributed to the smaller sample sizes. 

10.2 FUTURE RESEARCH CONSIDERATIONS 

Many researchers are now using the acoustic measurement of spectral balance in 

distinguishing different prosodic environments. As discussed throughout this thesis, 

spectral balance has been a particularly important measurement in studies of phonetic 

stress over the past few years, relating it directly to the speed of vocal fold adduction 

caused by an increase in tension of the vocal folds. However, to the best of my 

knowledge, no other studies outside this thesis have been done on the phonetics of word 

level prosody using an EGG or any other device that directly measures the articulation of 

the vocal folds, particularly with respect to vocal fold tension or glottal skew. This type 

of research would be particularly useful in order to substantiate the claims made that 

stressed vowels have more vocal fold tension than unstressed vowels based simply on 

acoustic measurements. In addition, further research into the phonetic characteristics of 

pitch accent languages, particularly with respect to measurements of tension such as 

glottal skew and spectral balance, are needed in order to better understand the 

relationship between prominence and tension. 
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Perceptual studies would be useful in determining the effect each variable has on 

the perception of PA in Blackfoot. Although the results show Average dB to be the most 

important correlate in the production of Blackfoot PA, it does not necessarily follow that 

it is the most important correlate in the perception of PA. Only percepual studies 

involving the systematic addition and deletion of each variable could determine the 

relative contribution each has to the perception of Blackfoot PA. 

10.2 CoNclusioN 

The results of this thesis demonstrate that PA in Blackfoot is manifested by different 

phonetic variables than in other PA languages such as Japanese. Intensity and duration, 

which are typically associated with stress languages, are correlates of PA in Blackfoot. 

However, Glottal Skew, which is an articulatory measurement of vocal fold tension 

associated with phonetic stress, is not correlated with Blackfoot PA. 

Pitch modulation, intensity, and vowel quality can all be related to a single 

phonetic factor - tension. In a pitch accent language such as Blackfoot or Japanese, pitch 

is increased by increasing the velocity of airflow, which may also result in an increase in 

intensity. Phonetic stress is a result of an increase in the tension of the vocal tract, 

affecting both the quality of the vowel and the measurements of intensity. 

A summary of all of the results found for level accented vowels versus 

unaccented vowels is given in Table 37, incorporating both the results of the t-tests and 

the DFA. 
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Level PA 
correlates 

All 
Short 
Vowels 

Long 
Vowels 

F0 Peak  

Average F0 V V 

F0 Range X X X 

F0 Peak 
Time 

dB Peak V V V 

Average 
dB 

v 

Total dB n/a 

dB Range X X 

dB Peak 
Time 

/ / 

Duration n/a V V 

Vowel 
Quality n/a i, a, o X 

Glottal 
Skew 

Open 
Quotient 

Silence X 

Table 37: Level pitch accent in Blackfoot: Summary 
of results. / indicates a significant difference was 
found by the t-tests. X  indicates a significant 
difference was not found by the t-tests. * indicates 
that the significant difference was in opposite pattern 
as was expected. Shading indicates that the stepwise 
discriminant function analysis found the variable to 
make a significant difference in the discrimination of 
accented versus unaccented vowels. 

We see that there are several phonetic characteristics of pitch accent in Blackfoot; 

pitch is not the only correlate. With glottal skew being only a weak characteristic of 

prominence, as opposed to its substantial role in characterizing stress languages, it 

becomes necessary for a Blackfoot speaker increase the rate of airflow (and thus 

intensity) in order to increase the rate of vocal fold vibration (and thus pitch). Without a 
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strong tension correlate, a pitch accent language may well have to increase subglottal 

pressure, which is reflected in an increase in intensity. 

Recent studies in phonetics and phonology have attempted to delineate the 

differences among stress, PA, and tone systems. Thorough phonetic descriptions of 

individual languages helps to define the distinguishing characteristics of each of these 

three systems. This thesis has focused on the phonetics of PA versus stress. It has 

confirmed the status of Blackfoot as a PA language (as opposed to a stress language) by 

demonstrating the existence of contour PAs and by showing the importance of Average 

F0 in distinguishing accented from unaccented vowels in this language. This thesis also 

contributes to our understanding of PA languages in showing that both intensity and 

duration can be correlated with PA. Increases in the intensity of accented vowels in 

Blackfoot result from the increase in the airflow velocity needed to raise pitch in the 

absence of an increase in vocal fold tension. I have proposed that a lack of vocal fold 

tension during pitch increases on accented vowels may well be typical of PA languages, 

and that this lack of tension contrasts with pitch increases on phonetically stressed 

vowels, which have been shown to result from the presence of vocal fold tension. 

Duration, also a potential correlate of PA, is independent of pitch and intensity. 
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Appendix A 

Word List 

The following is a list of words recorded with the Blackfoot consultants. The dictionary 

entries (Frantz and Russell 1995) are in orthography, while the word lists for each 

speaker are in IPA. 13 

Table 38: Word List 

Dictionary 
Entry 

Gloss Speaker I Speaker 2 Speaker 3 Speaker 4 Speaker 5 

leg onistáxsin 

hill kittoxkoi 

a saan 
face/body 

paint 
aasaan asaán 

aáápan blood aãpan aápan 

ááattsistaa rabbit ááattsiste áattsosta 

aakIi woman aakiI aakIIo 

aakiiks women aakIIks 

aaksin bed aksin aaksin akssin 

aapi'si coyote aplisi apIisi aplisi 

aapsspini 
(Canada) 
goose 

. . 

aapspini áapspini 
. 

aapspini 

ãIpapomm lightening áãpapomm 

apasstaan bridge apásstaan 

apssI 
white 
buffalo 
berry 

apssiwa 

ápssi arrow ãpssi apssi ápsSi 

atapiIm doll atapiIm atapIIm atapIIm ataplim 

iinaari banana 
niináán 
unaani 

iinii buffalo iinii iinIIoa 

ikkimaani feather ikkIman 

ikksipoohko s 
tin can 
(cup) 

ikksipoxkoos 

13 Note that morphological structure (such as that which refers to animacy, possession etc.) is not 
represented here. Some of the forms may depart from the dictionary entries due to morphological affixes 
that appear. 
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Appendix 

Word List 

The following is a list of words recorded with the Blackfoot consultants. The dictionary 

entries (Frantz and Russell 1995) are in orthography, while the word lists for each 

speaker are in ]PA. 13 

Table 38: Word List 

Dictionary 
Entry 

Gloss Speaker I Speaker 2 Speaker 3 Speaker 4 Speaker 5 

leg onistáxsin 

hill kittoxkoi 

a saan 
face/body 

paint 
áasáan asáán 

aáápan blood aápan aápan 

ááattsistaa rabbit áãattsiste áattsosta 

aakiI woman aakiI aakiio 

aakIiks women aakIiks 

aaksin bed aksin aaksin akssln 

aapi'si coyote aplisi aplisi aplisi 

áápsspini 
(Canada) 
goose 

áápspint áápspini aápspini 

áipapomm lightening áápapomm 

apasstaan bridge apásstaan 

apssi 
white 
buffalo 
berry 

apssiwa 

ápssi arrow ápssi ápssi ãpssi 

ataplim doll ataplim ataplim atapIim ataplim 

iináán banana niináán 
iinaani 

ilnil buffalo iinij iiniioa 

ikkimaani feather ikkiman 

ikksipOOhko's 
tin can 
(cup) 

ikksipóxkoos 

13 Note that morphological structure (such as that which refers to animacy, possession etc.) is not 
represented here. Some of the forms may depart from the dictionary entries due to morphological affixes 
that appear. 
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ikkssoko it is heavy ikkssokoi ikssoko Ikkssoko 

isskssiinaa insect issksiinee iskssiina iskssiInaa 

isttsiIstomssin sickness isttsIIstomssin 

kakato si star kakatóosi, 

kakatoos 
kakatoss 

kamotáána 
said at the 
end of a 
prayer 

kamotáán kamotáána kamotáãni 

kiistO you 
kiistówa 
ksiistOwa 

kiitokii 
prairie p 
chicken 

kiitokii kiitokia 

kitsim door kitsim kitsimi kitsim kitsim 

kóónssko snow kóOnssko 

kóOpis soup koópskan kOópskan 

kóósi cup kóos kóosi kóos 

ksissta'pssi spirit ksIsstáapss 

maataak potato maatááki maataaki maatáák maatáák 
maatáák 

maataáki 

mamli fish mamli mamil mamil mamil 

matápi person matápi matápi matápi matápio 

matónni yesterday matónni matónni matónni matónni 

mimi berry mimi mimi mimi mimi 

miiniaohkii wine miinioxkii miinioxkii miinioxkii miinioxkii miinioxkii 

miiniinokoo wheat (p1) mIiniinokoo miIniinoko 

munó tsit 
don't take 
it! (imp) 

pinóotsit 
minió?tsit 
minootsit 

minOotsit miinOotsit u mnOotsit 

miisták mountain miistákists miistakk miisták miistaksskq 

miistsis stick/tree miistsIs miistsis miistsIs mistsis 

minii'pokaa 
favourite/ 
special 
child 

mini?pokaa miniipokaa 

mo'tokáán head/hair motokáán nóotokaan 

mo'tsis arm/hand móotsis mootsils 

mohkát leg/foot moxkãts oxkátsi moxkãtsl noxkáts 

mohksisis nose mohksisis 

mohpsskina' chin nohpskmnan 

mohtóOkis ear noxtóókis 

móókimaan pemmican óókimaana 

mookitsis toe/finger nookItsists mookitsis mookitsis 

móOkoan stomach móókoan mookoan móokoan 
nOókoan, 

noOkoani 
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mooni'si nostril moonlis oonhis 

mOópikkinaan nostril óópikkinan mOópikkinaan nOOpikkinrjk 

mootohtón heel mootoxtón notoxtóni 

mótookis kidney 
ótooki 

mótookie 
ótook 

mották shadow otáák ottakki 

mottoksis knee nottoksIi motoksiis mottoksIs 
otoksIIs 

mottsikis shoulder nottsikIists 

náámaa gun anááme náámaa anáãmaan anáámaaja 

naamóó bee naamói naamóó naamOó naamóó 

náápi 
trickster/ 
old man 

naapi náápi náápi 

náápiikoan 
white 
man 

náápi ikoan nâápiikoan náãpiikoan náápiikoan 

naapim amniamleal naapim naapim 

náãpioyis house náápiojis náápiojis 

naató'si sun naatOosi naatóosi natOosiq 

napi friend napi napi napi napi 

ni'tómmo hill nitóOmmo ni?tOmmo niitómmo 

niiippo thirty nIppoi niippo 

niip leaf niíp 

niistó I niistó 

niitahtaan river niitaxtaamsskan nitataa niitaxtai 

niitsitapi 
Native 

American 
niitsitapi niitsitapi niitsitapi niitsitapio 

nitán 
my 

daughter 
nitán nitánna nitán 

nottoksIs my knee nottoksis 

nottsikis 
my 

shoulder 
nottsikis 

ohpoisskin to paint Oxpisski 

okát sleep 
ookáát 

okáát 
ookáãt ookáát 

oki 
come on! 
(imp) 

okie okI okI 

óki hello Okie Oki Oki 

ókonoki 
saskatoon 

berry 
ókonoki 

-- - 

ókonoki ókonoki 

onistaahs 
calf 

(animal) 
onistááxsin 

ónnikis milk Onniki Onnikis ónnikis 

ookOówa home nookOówai nokóówa nookóOwa 

ootáan legging ootáán 
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paapáó'kaan dream paapóakan papáokan 

piikáni Peigan pikáni piikááni 

piItaa eagle pilta piItaa pIlta 

pokón ball pokOn pokOn pokón pokón 

pookáá child pookáá pookáã pokáá pookaaw 

pookáiks children pookéks 

si'kssopo chinook siiksopoi áásIiksopo 

sóótaa rain sóótaa 

sopOksi dollar sopókksi sopóksi sopOksi 

spátsiko sand sspátsiko spátsikaxkq 

Table 38: Word list 
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