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A STUDY OF THE ROLE ·op SYLLABLE. AND MORA FOR THE TONAL 

MANIFESTATION .IN WES-T .GREENLANDIC' 

Hideo Mase 

The purpose_ of this invest~gation is to see the relation 

between syllable and mora in connection with the tonal mani­

festation of the word in phrase-final position. 

A mora is here to be understood as a unit of le~gth 

which consists of (C)V, i.e. a short vowel segment with or 

without a preceding consonant. A short vowel is a one-mora 

vowel and a long vowel is a two-mora vowel. A syllable-final 

consonant is also taken as a mora,while a syllable-initial. 

consonant is a·non-syllabic, non-mora consonant.: Thus, a lo~g 

(i.e. geminate) consonant consists of one mora and one non­

mora consonant.. The terms "mora vowel" .and "v.owel mora II will 

be used synonymously, and so will "mora consonant" .and "c_on­

sonant mora". 

2. Earlier studies· :o:f :Gr·e:e:n1:a·ndic: p:r:o:s:od-i:c.s: :and ··the: ·p:u:r-pose 

of the: ·pr:e:s·e:nt: :iriv.e:s'ti:g:ation· 

The_ great 19th century scholar Kleinschmidt (Holtved 

1964) ·rec·~gnized that :stres·s placemen·t in Greenland Eskimo is 

tied up with segmental word structure ·and has mer·e1y a de­

marcative function. Thalbitzer (1904)_ gave ·a less clear 
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account, which was to some extent due to his failure to re-
'I 

cognize consonant length corredtly in all instances (many of 

Thalbitzer's apparent examples of contrastive stress place­

ment are entirely predictable once the distinction between 

long and short consonants is made consist~ntl~)~ Petersen 

(1970) argues that stress is acquiri~g some relevance because 

there is a tendency to clip off the final parts of words in 

running speech without moving the stress from its position 

in the representations prior to clipping. 

In the present study the problems of stress are dis­

r~garded. 

The following is a brief survey of previous literature 

on tone in Greenlandic Eskimo. 

2. 2 .1. Thalbi tzer' s description of music•a1 accent 

First it should be mentioned that th~re is actually no 

tonal accent in this la~gu~ge, so what Thalbitzer calls 

"musical accents 11 .are elements of intonation patterns. 

Further, the tonal patterns which he describes seem to be 

what is called a phrase-final intonation below. Our concern 

here is whether the tone base is a syllable or mora in his 

description. 

Thalbi tzer ( 1904) describes "musical accent" .in terms 

of (combinations of) two relative pitches:· high and Tow .. 

He says (1904) that 

"a change of tone often takes place during the pro­

nunciation of a lo~g sound, and this change is chroma­

tic, not .sudden. But changes of tone from syllable to 

syllable seem to take place in sudden leaps." .(p. 136) 
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A combination of· pitches· _(fo·r example,· a h;i.gh-low pat­

tern) may, according t~:> Thalbitz·er, be ·.realized on a short 

vowel, on a long voweT, or· on two short voweTs divided into 

two syllables· . .-

As for the 'distribution of the ·three ·types of "t.ones" ,. 

he says that in d~ssyllabi·c wo.rds both ·rising ( i ._e. low-high) 

and compound (i.e.· high~low-high). patterns occur, but the 

former is the mor~ frequent. In thre~~syllable words the 

compound pattern is normal. The· last high ·pitch is usually 

higher than the first one. In polysyllabic words there fs an 

instance where the syllables of a word fall into pairs, each 

of which is_ giveri a low-high pattern. But the realization of 

this pattern is often blocked by the occurrence of a compound 

pattern, i.e. a high-low-high pattern. There are no further 

descriptions of the tonal patterns of polysyllabic words. 

Anyway, we can see no systematic description of tonal phenome­

na in his work. 

In table 2-1 some of Thalbitzer's word examples are 

. given for illustration. 1 

L) Phonetic notation by. Thalbitzer, and phonemic notation 
by me .. 
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TABLE 2-d 

Examples· from Thalbitzer· ( 1904) 

( i = high,· • L = low, ~ = ·middle ·pitches) 

1-syllable word: [ kV•k] /k.uuk/ ,. 
L i L i 

2-syllable words: [uneq] /uniq/ ,. [:ma.· ne J /maani/ ,. 
L , l , 

· [ ik ·a.] /ikka/ ,. [ qar AL • t J /qarlii t/ ,. 
L , 

·[ o.s • aq J /assaq/, 
1 L ,-

[·ma. ·wno. J /maana/, 
, L i , L 1 

/pioaa/, [qup•aq] /quppaq/ ,·. [ p. L1l_ 0. • • ] 

L i 
[qum•ut] / q.ummu t/ , . 

~. L i . 
• [ a.w71. • o • q J /aorjuuq/, 

, L , 
3-syllable word.:- [:ta.so.ne] /tasani/, 

L i L i 
4-syllable word: [ sinip • ise] /sinippisi/, 

L i L i 
/pujursimasuq/. 5-syllable word: [pujors·imo.soq] 

(The phonemicization follows Thalbitzer's transcription, 

which is not entirely correct as regards quantity. Note in 

particular that the last-mentioned 2-syllable word actually 

has a long vowel in the first syllable: modern West Green­

landic /aaoouuq/ .. Note also that Thalbitzer does not have the 

distinction between two. s-phonemes which is made in this paper. 

This is a matter of dialect difference. Editors' .note.) 
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Collis (1970 p. 277) ·-says U1at ·according to Petersen 

(op. cit.), intonation is more ·important-than stress. 

Moreo'ver·, Collis makes the· ·following statements, more 

or less as a paraphiase ~f Peteiseri: 1 •• 

When the ·stre~s falls on th~ ·ante~eriultimate, it is 

accompanied by a rising pitch on the 'final syllable, except 

in the case of an inteirogative intonation (i.e. a 'yes-no'. 

question, HM) in which case ·the final syllable has a falling 

pitch. Thus, when the· ·antepenultimate ·syllable ·is a closed 

one, the intonation pattern is 

(statement),. 

' (question) , 

for example, 

/ ' / / ' /'taana~piaq/, ·and /'taannarpiaq/. 

However, since the closed syllable always takes stress, the 

stress accent does not always fall on the antepenultimate, 

but the intonation contour is unaffected by the existence of 

closed syllable(s) and remains unchanged. Thus Petersen af­

firms the priority of intonatiori as the distinctive feature 
of the last three syllables of the word. 

1) As far as I can see in Petersen (op. cit.), stress and 
intonation is not so explicitly de~cribed as Collis will 
have it. Consequently I refet to th~ lattei's descrip­
tion partly as his own and partly as Petersen's, i.e. 
as Collis/Petersen. 
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It is not .certain whether· the ·two. intonation patterns 

described by Collis/Peterseri are ones that occur in the 

same ·position in the ·seriterice _. • The ·patter·n which ·is said to 

be associated with "s.tatemerit" ,. i.e.; the •11 r.ise-fall-rise 11 

pattern, seems to b~ the ~hrase~firial intonation defined in 

2.2.3. 

According to Collis/Peterseri the ·tonal contours of the 

last three syllables of words serve ·to distinguish intona­

tional patterns .. However, as will be ·showti in the following 

section, it is actually the tonal contour of the last three 

(vowel) moras which is fixed, and not the ·contour of the last 

three syllables of the word. 

2.2.3. Rischel's description of intonat~on 

Rischel (1971 and personal communication) considers the 

single vowel segment rather than the syllable to be the unit 

of measure in West Greenlandic prosody. A long vowel is ana­

lysed as W, i.e. a succession of two segments. He makes the 

.following tentative analysis of the West Greenlandic intonation 

pattern in terms of terminal contours: 1 

(a) Phrase-internal contour: a succession of words be­

longing to one sentence may form a phrase. A word boundary 

which is non-final in a phrase, is signalled by high pitch on 

the last vowel segments (i.e. vowel moras), the penultimate 

one having in most cases a slightly higher pitch than the 

neighbouring ones ( "r.aised" .pitch) . 

1) A similar description of some ~f the ·intonation types is 
found in Petersen (1970) .·: (Cf.· 2.2 .. 2:.-) 
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(b) Phr·a·s·-e·-·f inaT contour:: the pe.riultima te. vowel seg­

ment (i. e .. • vowel. mora) of the ·wo:rd has a low :pitch, .whereas 

the antepenultimate ·and ultimat:.e ·ones· have ·a h:i'gh ·pitch.· For 

example, in /ak_!wuq/ a_nd /akiwul)a/ • .the ·under.lined vowels are 

low-pitched. When the ·penultimate·. ·vocal~c segment is part of 

a long voweT or of _a diphthong /ai/ .(the ·diphthong occurs 

only word-finally)i the part in que~tion has a low pitch. 

Thus, there is a falling pitch on the ~eriultimate syllable 

of a word like /qaawuq/, and there is a rising pitch on the 

ultimate syllable of a word like /al){qaaq/. 

( c) • Ye·s-·n·o· ·g·u·e·stio·n· ·c·ontour: the ultimate vowel seg­

ment of the word is low-pitched, the penultimate and ante­

penultimate vowel segments are high(er)-pitched, the tonal 

peak being on the antepenultimate one (except in some types 

of very short words). The relationship may be described as 

high-mid-low, or perhaps rather: raised-high~low. (If the 

penultimate vocalic segment is low-pitched, the word will 

presumably be perceived as having contour (e) below.) 

Examples of (c) are, schematically: 

takuwaal)l)a? 

(d) Wh-question conto.ur: a low pitch occurs on the 

penultimate vocalic segment, and a higher pitch ~ccurs on the 

antepenultimate and ultimate vowel segments, for example, 

kina takuwijuk ? ( 11kina" .= "who").• 

It is not clear whethe·r this contour exhibits some systematic 

difference ·from· (b) above.· In (d) :the ·ultimate ·pitch ·may not 

be equal in height to the anteperiultimate ·one. 
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(e) ·Abs·o'lute'Ty ·f--ihaT ·c·o·n·t·o'ur: . the· antepenultimate. vowel 

s~gmerit ha·s a h?,-·.gh pitch,· but .the ·1ast 'two: segments are low-. 

pitched. The patte~n of distribtition· of.this contour is not 

well known, and it is difficult to. distinguish rigidly between 

(b) and (e)". Pres·umably the latter· has a more marked status, 

i.e., (e) tends to be ~sed __ only if fihality is to be expressed 

explicitly. Sche·matically, the ·intonation is 

takuwaal) oa .. 

Other syllables than those involved in the contours men­

tioned in (a)-(e) have normally a neutral pitch, but three 

tendencies should be mentioned. 

(I) Other conditions being equal, heavy syllables tend to be 

a little higher-pitched than light ones. (II) Long vowels 

tend to have less abrupt tone jumps than_ hisyllabic sequences. 

(III) There is a certain tendency for pitches over the utter­

a~ce to go down gradually as the utterance_ goes on. But this 

. gradual fall of pitches is not always observed. 

In Rischel's description we understand that the tone 

base is definitely a vowel mora. His view is also summarized 

in Mase~Rischel (op. cit.): 

••t.he tonal contour of the word is closely bound to 

the vowel segments. For example, the typical contour 

before a non-final pause is characterized by nonlow_ 

tone on the antepenultimate and ultimate vowels, and low 

tone on the penultimate, no matter how they are distri­

buted on syllables; schematically: 

(-) -
aawaa 'he· fetches it•· • 

(-)-:- - -
akiwara ' I answer him' . 
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The ·tonal rules· are as yet quite ·imper·fec·tly under­

stood, but the·re is evidence ·that the ·vowel segment 

( thE, ·u s.yllabic"). :plays· at lea·s1::· as _important a role as 

the syllable in prosodic rules."·. (p. 193)" 

It now seems evident that Thalbi tzer·' s 'compound' . (i.e. high­

low-high)' pattern and Collis/P.et·er·sen' s intonation pattern • 

for the ·staterrierit .(i.e. rise-fall-rise ·patter·n) ·correspond to 

Rischel's phrase-final intonation, if and only if each of the 

last three syllables contains a short vowel. 

According to Rischel's scheme we should get the same 

type of tonal realization on the last three vowel moras of a 

word, irrespective of.their distribution on syllables. For 

example, the phrase-£ inal contour will appea·r as· follows on • 

three-mora words of three and two syllables: 

i-kI-tit; 

" tii-tit (tii-tit); 

/ 
i-wiit (i-wiit); 

na-ka-taq; 

" kaa-taq (kaa-taq); 

/ 
a-maaq ( a -maaq) ; 

Likewise, we should_ get different pitch distributions on 

syllables of three-syllable words which have different 

. numbers of moras. 
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For example, 

na-ka-:-taq, and 

<+ 
a-naa-waa, 

but not 

*-
a-naa-waa. 

The first thing is to see how Rischel's terminal contours are 
✓ 

manifested acoustically. 

The next question is whether a consonant mora behaves 

more or less like a vowel mora. By way of definition, every 

syllable-final consonant is a mora. 1 Two kinds of consonant 

moras should be distinguished: (I) voiceless, and (II) voiced. 

{I ,a) Word-medial si~gle versus double (=_ geminate) -con­

sonants: the pitch on the voiceless consonant mora is of 

course not realized. If, in word pairs such as 

{ 
katak { tag_aq 

and mattak qag_g_aq, 

we find that the timing of the tonal contour of /mattak/ and 

/qaqqaq/ with respect to the two vowel segments is different 

from that of /katak/ and /taqaq/ and is similar to that of, 

for example, /nakataq/, then we can say that the voiceless 

consonant mora counts the same as a vowel° mora. If, on the 

other hand, the tonal contour of /mattak/ .and /qaqqaq/ is 

realized in the same way as in /k.atak/ and /taqaq/,_ then we 

can say that the voiceless consonant mora is not counted as 

.a tone .bas.e .. 

1) I.e. , such ·consonants are he·re ·1abelled. "moras" ,. not by re­
ference to some potential or actual role in the realiza­
tion of intonation contours, but on· a distributional basis. 
The category may, however, b~ found useful·both ·in con­
nection with quantity {cf. Mase~Risch~l 1971), stress, and 
intonation. 
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(I,b). •. Word-final consonant mora: Do /i.llu/ .and /i.llut/ 

have the ·same :or diff'er·ent tonal .contours? • 

(II) Voiced consonant mora: The ·same question could 

be asked about .the voiced consonant mora. -In the ·type of 

material inve~tigated here the ~o~d-medial nasal is the only 
• ·1 

type of voiced consonant mora. 

In words such ·as 

1. ma·aB_a, 

2. ma·nn~, and 

3. ma·a·nna, 

it is possible that a voiced consonant mora counts like a 

vowel mora, so that 1 and 2 are grouped together, or it may 

not, so that 1 and 3 are grouped together. 

A priori, one would certainly consider it fairly pro­

bable that a nas~l mora behaves in the same way as a vowel 

mora, whereas reference to voiceless consonant moras in the 

timing of intonation would seem a most improbable hypothesis. 

Both Collis' .and Rischel's descriptions suggest that conson­

ant moras altogether do not participate in regulati~g the 

intonation patterns. 

The purpose of this investigation is to see how these 

things are realized acoustically. 

3. Procedure in the acoustic-phonetic investigation 

Three native, male speakers of central West Greenlandic 

(RP:'· AS, .. and .G.T.). ·.r.e:c.o.r.de.d .the inate:r.i.al. Aur.ing .. J.uly .arid August 

i) ·rt must be ·mentioned that reduction phenomen·a, and their im­
plications for tonal realizations, are ~ot· considered here. 
According to Petersen (1970) long (voiced) consonants may 
arise in connected speech by optional deletion of vowels be­
tween two like consonants. These long consonants would form 
a separate object of study from.the point of view of in­
tonation. 
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1971 in the sound treated studio of the Institute of Phonetics, 

University of Copenh~gen. Each ·subj·ec·t spoke each ·of two 

texts ( see 3. 2. below) • six or seven times, so that twelve or 

thirteen recordi~gs of each word token were obtained. The 

word lists were read distinctly at an even speed, but no fur­

ther instructions were_ given. 

3.2. Word list and text 

A list of 90 wordforms (phonological word~) was pre­

pared. 1 In the text these wo.rds were arranged in random 

order, but, in order. not to disturb the natural rhythm of 

speech, care was taken not to put next to each other words 

which contain drastically different numbers of syllables and/or 

moras, and words which, in sequence, m~ght arouse some unusual 

or comical association of meaning. Two texts with different 

order of words were made, in such a way that a word which was 

put at the beginning or end of the line in one text was put in 

the middle of the line in the other text. 

64 words with different numbers of syllables a;nd moras, 

were chosen for this investigation. 2 (Six five-mora words 

= nos. 86-91 were added after RP's recording was finished.) 

But due to difficulties in the precise segmentation, some of 

the words which include [ j.] (/j/) , [ w] (/w/) 3 , [ y. J ((g/) or [ ~-] 

(/r/) had to be omitted. Consequently, the number of words, 

which are included in the following data is not the same among 

1) I am very much obliged to Mr. 'J~rgen Rischel who was kind 
enough to make the· original list~ 

2) The remaining 26 words contain various voiced continuants in 
intervocalic position and may be used later, particularly 
for the purpose of investigating the status of combinations 
of vowel+semivowel+vowel vis-a~vis long vowels on the one 
hand and sequences of vowel+fricative+vowel on the other~ 

3) Segmentation was not difficult when the phoneme /w/ was 
realized as a [v]- or [~]-like sound. 
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all three subj.ec'.ts .. , Th.is explains why the·.re are some missing 

tokens in the tabl.es. below.: ; The. ·wo:rd list .is sho'wn in table 

3-1. • 

Each ·.separate ·item: of the ·wo:rd list wa·s expec'ted to be 

read ·with ·the ·terminal contour which ·is ?~re called "_phrase­

final" .in accordance with ~ischer_(see ~.2;3-; abov~)-~ It was 

rather easy to check ·whethe·r· this is actually the ·case.· The· • 

phrase_.fihal inton~tion· is supposed to h~i~ a high_.low-h~gh 

.pitch pattern on the ·1ast part of the ~ord. The last vowel 

segments in the· wh-·ques·tion has a similar pattern, but it is 

uncertain whether this is phonologically t_he same intonation. 

The other patterns,according to Rischel,have·descending 

pitches on the last two vowel moras, i.e.· the penultimate 

vowel mora is higher than the ultimate one.· With some excep­

tions which could be sorted out on a principled basis, 1 all 

words in the recordi!lgs were found to exhibit the first-men­

tioned relationship, i.e. a rise from the penultimate ·to the 

ultimate vowel mora. So, if there is any remaining mixture, 

of intonations in the material of this i~vestigation, it must 

be a confusion between phrase-final and 'Wh_.question intona­

tions. However, no single question wo.rd is found in the text, 

so this possible source of variation can be disregarded. 

3. 3. Registrati•on 

All the material was r~gistered on mi~gograms.displaying 

a fundamental frequency curve, a duple~ oscillogram~ and four 

intensity curves (with an int~gration time of 5 mseb) with dif­

ferent frequency filteri!lgs: .(1) -HP with ·cut-off frequency at 

1) A few words which ·seem to have bee·n spoken ·with ·absolutely 
final intonation because they occurred at the ·end of a 
line, were ·omitted from the measurements· .. 
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1000 or 1200 Hz,· ... (2). HP _at .5.00 Hz·,·. ·(3) LP ._at .500 Hz,. and. (4) 

no filteri~g . .S-ome wide-band sped~r~grams· were ·taken .to check 

the· segmentation of .the mi:11g~grams ,· but ·actually the 'diff i·cul­

ty of s~gmentation was the ·same both on the ·spectrogram and 

mi~gogram. 

TABLE 3-1 

List of wo'rds 

(in phonemic.notation) 

No. word Nos. in words to be compared with 
texts 

1. taaq (18, 64) 
2 •· puut (80,. 80) 20. puukka 

3. illu ( 2, 79) 4. illut 
4. illut (. 6, 72) . 3. illu 

5. katak ( 4, 78) 9. mattak,· 19. kaataq 
6. masak ( 7, 74) 7. nasaq, 10. assak 

7. nasaq ( 22, 59) 6. masak, 10. assak 
8. taqaq (24 ,. 56) 12. qaqqaq 

9. mattak ( 3, 76) 5. katak 
10. assak ( 9, 71) 6. masak, 11. vv assaq 

11. vv (20, 62) 7. nasaq, 10. assak assaq 
•I 

12. qaqqaq (21, 58) 8. taqaq 

13. maniq (26, 54) 
{ 

16. anniq, 1-7. marniq, 23. taaniq, 
31. maanniq, 32. maarniq 

14. tuwit ( 82, 83) 29 •. tuwikka 

15. manna ( 84, 84) 22. maana, : 30. maanna 
16. anniq ( 29., 53) See word 13 .• 
17. marniq ( 44, 36) See word 13 .• 

18. tiitit ( 50 ,. 28)· 24. .iwiit, 26. .ikitit 
19. kaataq ( 28 ,·. 52 ). • 5. katak, 25. amaaq, 27. nakataq 

20. puukka ( 81, .. 81) 2 .•. puut 
21 ... quurqa (85, 85) · 36. quurqaa 
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TABLE 3_;1 

(continued) 

No. wo:rd Nos·. in wo:rds to. be· compared with 
texts 

·22. . roaana ( 54 ,. 29) 15. manna, · -30. roaanna 
23 .• taaniq (52, 31) See ·word 13 .• 

24. iwi·it (41, 41) 18. tiitit., .. 26. ikitit. 
25. aroaaq ( 13 ,· 70) 

{ 
33. ammaaq, 19. kaataq, 
27. nakataq, 28. awataq 

26. ikitit (25, 57) 18. tiitit, 24. iwiit 
27. · nakataq ( 42,: 38) 19. ka_ataq, 25. aroaaq, 

28. awataq 
28 .. awataq ( 47 ,·· 35) 

{

42. awataaq 
19. kaataq, 25. aroaaq, 
21. •. nakataq 

29. tuwikka (83, 82) 14. tuwit 

· 30. roaanna (19, 61) See ·wo.rd 15. 

• 31. roaanniq (32, 48) 
} See word 13 .• 

32. maarniq (38, 42) 

· 33. aminaaq (16, 63) 25. amaaq 

34. aataa (12, 69) 
35. aappaa (15,. 67) 

· 36. quurqaa (35, 47) 21. quurqa 
37 .. tuurpara (61, 18) 

· 38. naal~gaq ( 43 ,· • 39) 

• 39. kisiisa (79, 2) 
40. sukkuutit (33, 49) 
41. killuutit ( 49, • 33) 

42. awata~q (53, 30) 28. awataq 
4 3. naparutaq ( 48,: 32) 
44. uqurlqni (36, 44) 
45. .iqqanarpuq (66, 16) 
46. iqqarsarpuq. (64, 17) 

49. ammaqaaq ( 89 ,. 90) 

so. anaawaa ( 77 ,· 4) 57 .. annaawa·a 
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TABLE- 3-1 

(continued) 

No. word Nos. in wo:rds to be compared wi.th 
texts 

51. tiki() ().ilaq ( 88 ,· 86) 
52 . . ikusimmi (91, 89 ). 

53 .• aamaliwik ·( 3 9 .,. 43) 
54. amaaliwik ( 46, · 34) 

: 55. aputituqaq ( 86 ,. 88) 
56. akisimawuq (87, 91) 

57. annaawaa (62, 20) so. anaawa·a 

60. • • V vv (67, 12) 63. , 1, V VV iisassaawuq J. isassaawuq 
62. naluumasurtuq (37, 45) 
63. ilisassaawuq (75, 7) 60. • • V vv iisassaawuq 

64. ilutusimapput (63, 21) 
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3.4. Measurements 

Only ·five. ·rec'ordings.· • ( = samples·). ·of· each ·word token by 

each informant were tised in this invest~gation. If possible, 

these 'five ·sample~ were ·selected from· the.first two or three 

recordi~gs of ~ach te~t, btit if a diffi~ulty arose ·in these 

words, other recordings were used. One wo~d, AS's No. 51 

/t.ikiQf)ilaq/ has only four samples, bec'ause /i/ between the 

initial /t/ and the ·following /k/ was devoiced in all record­

ings except these four. 1 • Other typical reasons fo; dis­

carding a sample were:· (a) straightforward problems of s~g­

mentation ( see 3. 4 .1.) , (b) ·extreme sho'rtnes·s of a vowel 

(after a voiceless consonant) causing a badly defined funda­

mental frequency, (c) a gradual onset of a wo.rd-initial vowel 

after(a period of irregularity (glottal catch)', which made it 

difficult to define the duration of the vowel proper, (d) 

other occasional occurrences of highly irregular F
0

-curves 

(bad phonation?). 

= 3.4.1. Duration 

Segmentation was carried out according to conventions. 2 

Accuracy of measurement is± 0.25 cs. 

1) This devoicing seems to have occurred due to strong affrica­
tion of the preceding /t/ ([t.SJ), and perhaps par~ly due to 
devoicing of an unstressed high vowel between voiceless con­
sonants. 

2) ·As for the accuracy of measurement,. the disadvantage of a 
mingogram without the "aid of supplementary broad· band spec­
trograms" .(Fant 1957 ,· p. • 62) see·ms to have been overcome to 
a high 'degree by the use ·of ·four intensity curves· with dif­
ferent fil teri~g fr·equericies·. 
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Lo!}g vowels, i. e.. .two.-mora. .vowels,. occur. in various con­

sonantal environments, i.e. (-C) (C) (C) (C-), and in various 

positions in the words. We cannot a priori decide where the 

mora boundary lies between two moras of a long vowel. Conse­

.quently, a long vowel was arbitrarily divi.ded into two. identi­

cal halves at the middle of the long s~gment. As for the long 

nasal, the first two thirds of the total duration was arbi­

trarily assigned as a mora-nasal and the last one third as 

the initial nasal consonant of the following syllable. This 

arbitrary decision was based on the observation that the mini­

mal or maximal value of the fundamental frequency often occurs 

after a lapse of approximately two thirds of the total dura­

tion. 

Initial and final consonants of words were not measured. 

As mentioned in 3.2. it was not easy to delimit inter­

vocalic [ j.], [ w], [ ¥-], and [ ~-]. In the transcriptions used 

here, /j, w/ after respectively /i, u/ stands for more or less 

audible glides. After other vowels /j, w/ are clearly distinct 

both from zero and from other fricatives. However, even when 

[ j ] was clearly heard, the change from [ j.] to the vowel was 

smooth and gradual on the acoustic curve. As a result, words 

containing /j/ were all omitted. [w] (/w/) was just as dif­

ficult to s~gment as [j.], but when the phoneme was realized 1as 

[v] or[~], segmentation was not difficult. [y] pose~ just the 

same problem as [j.]. The uvular fricative[~] showed a very 

low and often very irregular pitch, and the pitch of the adja­

cent vowel was very much influenced and became rather irr~gular. 

The influence was.most conspicuous in words spoken by GT, who 

had a very deep voice, so that most of his wo.rds containing /r/ 

had to be discarded. (And, as shown later, words containing 

the consonants in question caused a certain irr~gularity in 

the results. ) 

Segmentation was also sometimes difficult in the case 

of nasal plus vowel or vowel plus nasal. 
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Fundamental frequencie~ are ~eisu~ed at the following 

points: for a shcirt vowel, the be~inni~g a~d end of the seg­

ment; for a long vow~l, the b~~inning, middle,· and end of the 

segment; and for a mora nasal,. tbe. beg~nning, middle and end 

of the s~gment. As mentioned in 3. 4. l·. , two" thirds of the 

total duration of a long (i.e. geminate) nasal are assumed to 

represent a mora nasal, so the middle and end of the mora­

segment correspond to the 1/3 and 2/~ ·points of the ·total du­

ration of a lo!1g nasal, respectively. Whe·n a long vowel or a 

lo!1g nasal has a rise-fall or fall-rise pitch,· more than three 

points were measured. Accuracy of measurement is± 1.25 Hz. 

As is generally known, the fundamental frequency curve 

of a vowel s~gment is sometimes distorted and shows some ir­

regularity duri!1g the first and/or last one to two centi­

seconds of the segment, due to t~e influence ·of adjacent con­

sonants ( especially the preceding one) .• However, such irr~gu­

lari ty might also arise as a consequence ·of the instrumental 

processi!1g. In order to test the reliability of the frequency 

measuring device used for registration, a calibration with an 

intermittent sine wave of 125 Hz was carried out, and the re­

sult shows that the first and last cycles are registered a 

little lower than the rest. 

The problems associated with these boundary phenomena 
' 

were to some extent circumvented in the measurements: when any 

irregularities were found at the beginning and/or end of the 

segment, the ta!lgent was drawn from the· stable part -and mea­

sured as the b~ginni!1g and/or end. But it was sometimes dif­

ficult to de~ide whether the irr~gulari"ty was an ac6ustic 

reality or an instrumental artifact.. (Cf. sec"tion 5. and 

fig. 5-3. ) . · 
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4. Results 

4 . 1. Method o:f ·cal·c:u:iation 

The original raw .data were fed into. a computer and run 

through a program which calculated the ·arithmetic mean and 

standard deviation 1 for each word token. 2 Each ~ord token con­

sists of five samples, except AS's word token No. 51, which has 

only four samples. Calculations were made for the duration, 

mean fundamental frequency, and slope of each tone base, and 

the difference of mean fundamental frequency between two tone 

bases adjacent to each other. 

4.1.1. Mean fundamental frequency 

The mean fundamental frequency of a tone base was ca~qu­

lated in the following way. [beg= b~ginni?g of~ tone base, 

mid= mid point, end= .end; V = vowel mora, N = nasal mora.] 

1) short vowel: Mean = (F 
O 

(beg) + F 
O 

(end)) /2., 

1) The standard deviation as published in the tables below 
was calculated by the formula: 

s = 1 / ~ c:-xi 2 
• 

V , which actually gives a somewhat too 
small estimate of the standard deviation in a large popu­
lation because of the small number of samples of· each token. 
Correction was made for the use of N instead of (N-1) in 
this formula, when the findings were tested for s~gnificance. 

2) I am very much obliged to Mrs. B. Auld and Cand. polyt. Carl 
Ludvigsen. Mrs. Auld was kind enough to undertake the 
laborious work of punching the cards and to write the first 
part of the program, and Mr. Ludvigsen very kindly completed 
the program in a very short time.· 
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2) long vowel: 
i) when counted as one tone base: Mean= (F (beg+mid+end))/3, 
ii) when counted as two tone bases: Mean =°F (beg+ end)/2, 
where for the first tone base, beg= beg, end 0 = mid of a 
long vowel, and for the second tone base, beg= mid, end= 
end of a long vowel, 

·3) nasal mora: Mean= F (beg+ mid+ end)/3, 
where beg= beg, mid 0 = 1/3 point, end= 2/3 point of a 
long nasal, 

4) -a vowel mora + a nasal mora = one tone base: 
Mean= {VF

0
(beg +end)+ NF

0
(mid + end))/4. 

In the data processed by the computer, the mean frequency 

values were calculated over three points of measurement for a 

long vowel, but a long vowel sometimes had a fall-rise or rise­

fall contour, instead of a unidirectional rise or fall. For 

those long vowels which showed such rise-fall or fall-rise, 

contours more than three points were measured and a hand­

calculation was carried out to get the mean fundamental fre­

quency value. (In the tables the values calculated by the latter 

method are shown in [ -].) 

These values of mean fundamental freguencies of tone 

bases are compared in order to,reveal any high-low relation be­

tween neighbouring tone bases. The reason why the mean values 

are compared is that, since the role of the direction and degree 

of pitch change of a tone base is not known, we cannot be sure 

whether a comparison reasonably should be made between begin­

nings and/or ends of two tone bases. 

According to Rossi (1971), when one cannot hear a glis­

sando during a (vowel) segment, it will be perceived as if it 

has a static pitch corresponding to the frequency at the trans­

ition between the second and third portions of the segment. 

Consequently, a comparison of mean fundamental frequencies 

seems to be reasonable at the first step, no matter whether a 

·rise or fall is significant. 

The absolute values of mean fundamental frequencies of 

tone bases may vary according to segmental constituents (and 

other factors). Thus, for·example, the fundamental frequency_ 
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of a penultimate vowel, which ·is lowe~ than that of the ante­

penultimate in the same word, may be high~r than that of the 

antepenultimate vowel in another word, which has the same re­

lationship between the antepenultimate ·and penultimate vowels. 

This relation may also be seen among the ~amples within one 

and the same word token. In the following, our main concern 

is the difference in fundamental frequency between vowels. 

Word tokens are classified not according to their vowel 

quality nor consonantal environment, but according to the 

numbers of syllables and/or moras. 

4.1.2. Slope 

A vowel or a nasal consonant has usually a rising or a 

falling pitch. That is, a certain fundamental frequency 

change or inter~al can be observed during a certain period 

of its duration. One question about this change is whether 

the absolute value of the frequency interval of the. vowel (or 

the nasal consonant) is a constant, or whether it increases 

with increasing vowel duration. 

Another question, which is of specific i~terest to the 

present investigation, is whether the direction of the funda­

mental frequency movement in a vowel is determined by the·· 

syllable or mora position. 

To answer the first question the slope was calculated as: 

Slope= (F (end) - F
0

(beg))/Duration. 0 . 

See the values of samples in the followi~g word token used for 

illustration. 



Sample 
[No .. ] 

1 
2· 

3· 

4 

5 

x 
s 

Dur. 
[ C.S] 

5.5 

5.5 

5.0 

7.0 

4.5 

5.5 

0.84 

Interv .. 
[Hz] 

12.5 

2.5 

20.0 

5.0 

5.0 

9.0 

6.4 
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. Slope •. Arctang (Slope) 
[ Hz/c.s] 

2.27 

0.46 

4.00 

0.71 

1.11 

1.71 

1.30 

[radians] 

1.19 
o. 43. 

1.-33 

0.62 

0.84 

0.88 

0.34 

The values of duration vary between 4.5 and 7.0 cs, 

while the frequency intervals vary between 2.5 and 20.0 Hz. 

The variation qf the numerical values is usually_ greater in 

the frequency interval than in the duration. When a sample 

(or two) has a slope whose value deviates very much from the 

others, the distribution is skewed to the right of the normal 

curve when the values are positive (and to the left when the 

values are negative). Since a word token in the present in-

_vestigation has only five samples, this kind of deviation 

affects the results rather strongly. 

But it is true that all five samples in the token shown 

above have positive slopes, i.e. they are all different from 

zero in positive direction. When the value of the slope 

is transformed to Arctangent(Slope), i.e. Arctangent(Hz/cs), 

the distribution of samples becomes less skewed. And we can 

see that this particular token has a slope whose mean value is 

significantly different from zero in positive direction. The 

figure on the next page shows the relation of values in 

{Hz/cs) and Arctang(Hz/cs). 
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In the following, the·· ·first ·slope: • (i. e·.· Hz/ c.s) will be . . 

called "s.lope 1" .and the ·second transformed one . (i.- e . ." Arcta:ng 

(Slope)') "s.lope ·2n ... As ·:fo"r the slope,· vowels are classified 

according to the·ir position in the· ·word and consonantal en­

vironments. 

Relation between slopes 1 and 2 

in 
u 
~ 
~ 
O'I 
C: 

,C ... u 
'-

<( 

1 

~I I I I I I I I I 

-5 -4 -3 -2 

4.1.3. Other remarks 

N 

LJ.J a.. 
0 
...J 
Vl 

1 2 3 

SLOPE 1 

4 5 

The position of the syllable or mora in the word is 

reckoned from the end of the word. Thus,. the ultimate syl­

lable or mora is called Sl or Ml, the penultimate one S2 or 

M2, the· antepenultimate one S3 or M3, and so on (where "S." 

and "M" .stand for "syllable" .and "mora" .respectively) . 

Structurally a syllable or mora consists of (C)V(V) (C). 

But, since the consonants (except some mora consonants funct­

ioning as tone bases) are disr~garded in the followi~g, the 

vowels in Sl, S2, Ml, M2,. etc. are ~ft~n, for converiience,· 

abbreviated as Sl, S2, Ml, M2,. etc. 
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When a syllabl.e is .. consi.der·.ed to. be a tone base one 

vowel is counted as one ·tone base,· whethe·r it is lo!lg or short. 

When a mora is consider·ed .as a tone base,· a short .vowel and a 

nasal mora are ·counted as one base ·each,· and a lo!lg vowel is 

counted as two base~. 

·4. 2 . Duration 

4 . 2 . T. co·n s·o·natit s 

The statistic calculations were only carried out for 

short and long consonants in two-syllable, two-mora words and 

. for all short and long nasal consonants. 

As for short and long voicele~s consonants in two-syl­

lable, 
0
two-(vowel) mora words, a phonemically long consonant 

is phonetically longer than a phonemically short one in the 

same or a similar environment. The difference is significant 

at the 99% confidence level. 

In this investigation, a "mora nasal 11 .is arbi-t;rarily 

coQsidered as 2/3 of the total duration of a lo!lg nasal. In 

this case, a short nasal consonant is shorter than a mora nasal 

in the same or similar environment. The difference is signi­

ficant at the 99% confidence level. 

4.2.2. Vowels 

No exhaustive comparison was attempted, since not all 

short and long vowels appear in (sub)minimal pairs or sets. 

It is not altogether certain whe.ther the difference between 

short and long vowels is always s~gnificant at, say, the 95 or 

99% confidence level. But .the .diff'er·ence (i.e.· a short vowel 

is shorter.than a lo~g on~)::is s~gnifibant at the 99% level- in 

some of the pairs or sets .. 
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It is assumed in thi.s paper· that the· pl~-~·a:~-~-~·fi·n·a-i ·into­

nation· •is ·s·ignalled: by: :a- high-Tow-high ··p•itc'h 'patte·r·n· ·o·n· the 

last ·thr·e·e· tone· ba's·es·.· . That is, with ·regard to the mean fun­

damental frequency, the tone base of Sl or Ml can be expected 

to be higher than that of S2 or M2, and that of S2 or M2 can 

be expected to be lower than that of S3 or M3 .• The· ·tonal con­

tours of the precedi~g tone bases (i.e. from S4 to S6, or from 

M4 to M6) are largely unknown. 

4. 3. 1. Is the ·tonal ·pattern ·regulated ·o·n a ·sy1·1able ·basis? 

4. 3.1.1. • wo·ras· ·c·ontairli'ng ·o·n1y ·short voweTs 

~he number of wor~s are: 

RP • AS GT 

2-s 14 15 15 

3-s 3 4 4 

4-s .3 6 4 

5-s 0 1 2 

6-s 1 1 1 

total 21 27 26 

See table 4-1. 

(1)· s2~s1:- S2 will be lower than Sl: The vowel of S2 is 

lower than that of Sl, and the diffe~ence is statistically 

signif.ic.ant 1 .. in .all :the .. t.oke_ns. ·.o.f ... _thr:ee :s.p.eak_e.r.s .. • ... 

1) · Hereafter, statistically s~gnificant means at the 95% 
confidence level. 
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.(2). -S3-S2-:.- .S3 will be higher than S2 :. All the. vowels of 

S2 .are lower than tho'se ·of S3 ,· and the· 'diff·er·erice ·is .s_ignifi­

cant in all tokens. 

(3) S4-S3: In all four tokens spoken by RP, S4 is lower 

than S3 in their mean values, but there ·are some samples where 

S4 is higher than S3. The result is that.the difference be~ 

tween the two vowels cannot be shown to be ·s_ignificant. In 

all eight tokens spoken by AS, S4 is significantly lowe·r than 

S3, and so it is in all seven tokens spoken by GT. 

(4) S5-S4: In all six tokens (three persons pooled), SS 

is lower than S4, and the difference is s~gnificant except in 

GT's token (56) ~kisimawuq. 

(5) S6-S5: There is only one six-syllable word for each 

speaker. S6 of RP's token is significantly higher than SS, 

while S6 is significantly lower than SS in the same tokens 

spoken by AS and GT. 

The mean fundamental frequencies of vowels of both S3 

and Sl can generally be expected to be rather high. S3 is 

generally lower than Sl. The number of word tokens in which 

S3 is significantly lower than Sl is 5 out of 7 of RP's, 11 

out of 12 of AS's, and 10 out of 11 of GT's words. 

As a whole, the difference is smaller in RP's than in 

AS's and GT's words. This is due to the fact that the range 

of variation of the fundamental f~equency is smallest in 

RP's words. 

In the tokens where the differences between adjacent 

vowels are significant, the mean values of vowels which are 

assumed to be the higher ones are more than 5 Hz_ ·.greater than 

those of the lower ones. One exception is AS's token (64) 

ilut~simapput, where the difference between S4 and S3 ·is 4.0 Hz .. 
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In. addition to the :.as.sump.tion· on the :pitches 0£ the last 

three tone bases·, when we· ·.tentativel"y assume ·that S3. • is h:1,-gher 

than S4, that S4 is h:1-gher .than SS, and that SS is h:1-gher than 

S6, the number· of tokens wher·e ·the differ·e:n:ces between ad­

jacent tone bases· l are ·significant .is as follows·. [ The 'figure 
. ' . . 

to the left of the slash ·indicates the ·numbe·r of tokens where 

the differenci is significarit; the figure to the ~:1,-ght of the 

slash indicates the total number of tokens.] 

·RP· ·AS· • 'GT· 

S2 < Sl 21/2.1 27/27 26/26 

S3) S2 ,·7/7. · 12/12 • 11/11 

S4 ( S3 0/4. 8/8 7/7. 

SS ( S4 1/1. 2/2. 2/3 .• 

S6 ( SS 0/1 1/1. 1/1. 

[NB : In .RP's token S6 is s:1,-gnificantly 

higher than SS.] 
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TABLE 4-1 

Mean fundamental frequency values (in Hz)., and the 
significance of differerices of me~n fundamental fre­
quency values betweeri adjacerit vowels.· Th~ ·calcula­
tions are carried out ·on a "syllable"· .basis in wo"rds 
containing only "sho"rt". .vowe1s. 

(+: agrees significantly with ·the assumption, 
: differs significantly from the assumption, 

0: no significance. ) 

Subject: RP 

5. ka-tak 
6. ma-sak 
7. na-saq 
8. ta-qaq 

3. 
4. 
9. 

10. 
11. 
12. 

il-lu 
il-lut 
mat-tak 
as-sak 

V V as-sag 
qaq-qaq 

13. ma-niq 
15. man-niq 
16. an-niq 
17. mar-niq 

26. i-ki-tit 
27. na-ka-taq 
28. a-wa-taq 

Me·an fund.· freq. 
. S.4 • . • . .S.3. . • • . ·.s.2. 

Sign•i•fic•ance 

.S.L • .•• :. '.4.<.3.·1.3>:2.·t.2._<1.· • 

132.0 152.3 
129.5 151.0 
135.5 154.0 
.13.2 .. 8. . .15 5 ... 8 

140.5 
139.5 
138.3 
140.5 
144.8 
1.35. 8. 

157.5 
154.8 
154.0 
152.0 
150.8 
147 .. 8. 

138.0 157.5 
137.5 154.0 
143.3 150.5 
136 .. 5 .. 150. 8 

151.3 139.3 159.5 
143.5 . 133.0 153.5 

. . 1.41 .. 8 1.3.1 .. .0. . .15 6 ... 3. 

+ 
+ 
+ 
.+ 

+ 
+ 
+ 
+ 
+ 

. . . . .+. 

+ 
+ 
+ 

+ 
+ 
+ 
+. 

+ 
+ 
+. 

44. u-qur-lu-ni 141.8 147.3 
148.3 

134.3 155.5 
137.3 155-.3. 

0 
0 

+ 
+ 

+ 
+ 45. iq-qa-nar-puq 148.3 

46. iq-qar-sar­
puq 140.0 147.3 137.0 153.5 

64. i-lu-tu-si­
map-put 144.8 152.5 125.5 155.8 

I 
S6 

64. 145.5 

0 + + 

0 + + 

6<515<4 

- + 



TABLE 4-1 

(continued} 

Subject: AS -

5. ka-tak 
6. ma-sak 
7. na-saq 
8. ta-qaq . 

3, il-lu 
4. il-lut 
9. mat-tak 

10. as-Sak 
11. V V as-saq 
12. qaq-qaq 

14. tu-wit 
13. ma-niq 
15. man-na 
16. 9-n-niq 
17. n:iar-niq 

26. i-ki-tit 
27. na-ka-taq 
28. a-wa-taq 

30 

. . . .. .S.4 .... .S.3. . . .. . . . . . . 

. . . . 

142.5 
138.8 

? 130.5 

. .S.2 .. Sl. •. . . . .4.<.3. .3.).2 . .2.(1 . , 

125. 3 • 159.5 + 
117.8 159.5 + 
120.3 154.8 + 
.1.20. .. 3. .. 157 .. 3. .. +. 

132 .. o 167.8 + 
137. 3 • 167.8 + 
126.8 164.8 + 
129.5 \164.0 + 
128.8 162.5 + 
131.5 161.0 + 

124.5 153.3 + 
121.8 158.3 + 
140.8 161.8 + 
129.8 155.8 + 
128.0 156 .. 8 ... .+. 

128.0 167.3 + + 
121.8 157.8 + + 
121.5 156. 3 • + + 

29. tu-wik-ka ... .. 148 .. 3. . 12.7 .. 5. .1.61 ... 8 .. + ... .+ 

43. na-pa-ru-taq 126.0 138.3 117.0 153.0 + + + 
44. u-qur:..lu-ni . 127. 3 151.3 122.5 159.8 + + + 
45. iq-qa-nar-puq 129.8 147.8 126.5 162.5 + .+ + 
46. iq-qar-sar-puq 125.8 146.3 119.3 153.5 + + + 
51. ti-kio-oi-laq 138.1 152.5 118.4 148.8 + + + 
52. i-ku-sim-mi 136.3 148.8 134.0 153.8 +. . +. + 

55. a-pu-ti-tu-qaq 14 3. •. 5 . 150 .. 3 126. 3 .. 15.8 .. 5 . + .. .+. . .+. 

64. i-lu-tu-si-map-put ,1.45 ... 0. 1.4.9 .. .0. .. 124 .. 5 .159 .. 5 . . . + + . .+. 
I 

.. S6 SS .. _6 <.s j .s <.4 

55. . 128 ... 3, ·_ .+. 

64. 126.5 132.8 + + 



TABLE 4-1 

(continued) 

Subject: GT 

s. 
6. 
7. 
8. 

3. 
4. 
9. 

10. 
11. 
12 •· 

14. 
13. 
15. 
16. 
17. 

26 . 
27. 
28. 
29. 

44. 
45. 
51. 
52. 

55. 
.5.6 .. 

64. 

55. 
56 .. 

64. 

ka-tak 
ma-sak 
na-saq 
ta-qaq 

il-lu 
il-lut 
mat-tak 
as-sak 
as-saq ? 

.qaq-qaq 

tu-wit 
ma-niq 
man-na 
an-niq 
mar-niq 

• i-ki-tit 
na-ka-taq 
a-wa-taq 
tu-wik-ka 

u-qur-lu-ni 
iq-qa-nar-puq 
ti-kil)-l)i-laq 
i-ku-sim-mi 

a-pu-ti-tu-qaq· 
a- ki-.s.i-ma-.wuq 

i-lu-tu-si-map-
put : 

' ' .S4 

102.0 
105.0 
115.8 
109 .. 8 

111.3 
.1.12 ... 3. 

121.3 

31 

100.0 138.0 
101.3 139.8 

96.5 133.5 
. . . 98 .. 3 .. .130. .. 3. • 

111 •. 3. ·144.5 
114.0 14 4. 3 • 
101.8 138.5 
106.8 141.5 
104.0 144. 3 • 

97.3 132.8 

103.5 134. s. 
97.8 138.8 

110.0 140.3 
103.8 134.0 
101.. 8 •. . 14.2 .·o. •. 

120.8 107.8 144.0 
109.8 97.3 130.5 
110.0 96.8 135.5 
122 .. o. •. ·11.0 .. ·.3. •. :_13.7 .. 5 •. 

130.8 
120.3 
122.0 
127.0 

127.3 
1.32 ... 3 

138.3 

105.0 
107.5 
105.0 
.121..3 

102.8 
.103 .. 3. 

110.0 

.S.6. 

105.0 

139. 3. 
147.8 
132.8 
.1.4.0. . .5. : 

132.8 
.13.1 .. 3 • 

150.5 

S.S. 

103 ,.-3 • 
.10.a .. ·.3. 

116.3 

j 

+ 
+ 
+ 
+ ' ' 

+ 
+ 
+ 
+ 
+ 

.. + 

+ 
+ 
+ 
+ . . 

. . .+. . 

+ + 
+ + 
+ + 
.+ ' . +. 

+ + + 
+ + + 
+ + + 

. ,,. . 
.+. +. +. 

+ + + 
+ + + 

+ + + 

.6.< __ s_ 1 .. s < 4 . 

+ 
0 

+ + 
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4.3.1.2. Words containing both short and long .vowels 

Table 4-2 shows the mean fundamental frequencies of 

the vowels and the differences of mean fundamental frequencies 
\J 

between the vowels. 

The assumption on the pitches of the last three tone 

bases holds true of two-syllable words of the type w-v and 

three-syllable words of the type w-v-v (where W is a long 

vowel and Vis a short vowel, and a hyphen shows a syllable 

boundary, and consonants are disregarded). But in two- and 

three-syllable words of Qther types, the results are quite 
. 1 

different. Cf. fig. 4-1 which shows the values of the 

mean fundam~ntal frequencies of vowels in adjacent syllables. 

The values of .vowels which can be expected to be the higher ones 

are given on the y-axis and the one which can be expected to 

be the lower ones on the x-axis. 

In two-syllable words of the V-W type of words ((24) 

i-wiit, (25) a-maaq, and (33) am-maaq), S2 is either higher 

or lower than Sl. This difference is significant in some 

cases, but not in other cases. In the W-W type of words 

((34)_ aa-taa, (35) aap-paa, and (36) quur-qaa), no signifi­

cant difference is seen between S2 and Sl, except that in the 

tokens (36) spoken by RP and GT, S2 is significantly higher 
I 

than Sl. 

With regard to three-syllable words, in the v-w-v 
type of words ((39) ki-sii-sa, (40) suk-kuu-tit, and (41) 

kil-luu-tit), S2 is significantly lower than Sl, but S2 is 

either higher or lower than S3. That is, S2 is significantly 

1) W..e have a few words which have more than four syllables 
(see table 3-1 ), but since the last three syllables of 
these words contain only short vowels, they are irrelevant 
to the present task of checking the pitches of the last 
three tone bases. 



BE 

AS -

GT 

33 

Fig. 4-1. 
Values of mean fundamental frequencies of vowels in two 

adjacent tsyllables. [ The values of vowels supposed to 
be the higher of the two are given on the y-axis, and 
the other supposed to be the lower on the x-axis.] 

S2 & S1 S3 & S2 
Hz 

170 r~ 
150 Hz I 

160 ~ t---+---+--# 

130 

S2 S2 
110 

110 130 150 170Hz 
120 ....__ ........ ~~----

120 1,0 160 Hz 

Hz t 
170 ~ 

Hz 

150 

130 

S2 S2 ----110 110 
110 130 150 170 z 110 130 150 Hz 

Hz t~ Hz 

t~ 140 

140 

120 

120 

_g__ 100 S2 --
100 

100 120 140 Hz 100 120 140Hz 

word type 2-syllable 3-sylloble difference between vowels 
words words significant not significant 

a VV- V - V w "1 
b VV- V v- vv-v ~ 8 
C V -VV V - V ·VY ~ ◊ 

d vv-vv v-vv-vv ® 0 
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lower than S3 in the token (39) spoken by RP and in the token 

(41) spoken by AS. S2 is significantly hi.gher than S3 in the 

token (39) spokeri by GT. In oth~~ case~ the difference be­

tween S3 and S2 is not s~gnifi~ant. 

In the V-V-W type of words ( (42) ·a-wa-taaq, and (49) 

am-ma-qaaq), S2 is significantly lower than Sl in the ·tokeri 

(42) spoken by AS, and S2 is higher than S3 as regards the 

mean val~e of the same token (42) spoken by RP, but in other 

cases S2 is significantly higher than either S3 or Sl. Final­

ly, in the V-W-W type of words ((50) a-naa-waa, and (57) 

an-naa-waa), S2 is th~ high~st of the three syllables in all 

six tokens (three persons pooled). S2 is significantly higher 

than Sl in 3 out of 6 cases, and it is higher than S3 in 5 out 

of 6 cases. 

If our assumption is correct, the mean values of vowels 

in fig. 4-1 should be plotted to the left of the diagonal, 

but we find not a few tokens which are plotted to the right of 

the diagonal. 

The results are, except for the W-V and W-V-V types 

of words, surprisingly different from those for the words 

containing only short vowels where all the vowels of S2 are 

significantly lower than either Sl or S3. The following table 

shows the number of tokens out of the total number of tokens 

which agree wit~ our assumption. 

2-syll. words: 
(a) W-V: 
(b) V-W: 
(c) W-W: 

3-syll. words: 
(d) W-V-V: 
(e) V-W-V: . 
(f) V-V-W: 
(g) V-VV-W: 

RP 

1/3 
0/1 
0/2 

S3 > S2 

AS 

2/2 
1/3. 
0/2. 
0/2 

GT 

0/3. 
0/2 
0/2 

• RP 

9/9 
0/3 
0/3 

• 3/3 .• 
0/1. 
0/2. 

S2 ( Sl 

AS 

9/9 
2/2 
0/3 

2/2 
3/3. 
1/2 
0/2 

• GT 

9/9 
1/3 
0/3. 

3/3. 
0/2 
0/2 
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TABLE 4-2 

Mean fundamental frequency values (in Hz), and 
the significance of differences of mean funda­
mental frequency values between adjacent vowels. 
The calculations are carried out on a "syllable" 
basis in words containing both "short" and "long" 
vowels. • 

([ . ] 

+: - . . 
0: 

indicate values calculated over more than 
three points of measurements. 
agrees significantly with the assumption, 
differs significantly from the assumption, 
no significance.) 

Mean fund. freq. Significance 
Subject: RP S4 S3 S2 Sl 4_<_313_>_2 I 2 <l -
18. tii-tit 140.3 157.3 + 
19. kaa-taq 134.8 146.8 + 
20. puuk-ka 137.5 153.3 + 
21. q~r-qa 135.0 143.5 + 
22. maa-na 132.5 150.3 + 
23. taa-niq 132.7 150.3 + 
30. maan-na 136.5 150.3 + 
31. maan-niq 137.2 153.3 + 
32. m~r-niq 134.8 152.8 + 

24. i-wi'it 141.8 143.2 0 
. 25. a-m~q 145.8 [ 1.3 6. 3] 0 
33. am-m~q 149.8 137.2 -

34. aa-taa - - [144.7] [ 1.3 6. 7] 0 
35. ~p-p~ 143.8 134.0 0 
36. q~r-q~ 146.5 [1.32.1] -
39. ki-sii-sa 140.8 136.5 151.0 + + 
40. suk-kuu-tit 147.8 144.3 159.0 0 + 
41. kil-luu-tit 142.3 141.3 158.0 0 + 

42. a-wa-taaq 139.0 146.3 [1.35.0] 0 -
50. a-naa-waa 134.8 [142.3] [ 1.31. 3] - 0 - - .. 
57. an-naa-wa-a 146-.8-.>. ~145 .. 8 •. .-13 7 . 3. _ -~- 0 0 - - -

53. aa-ma-li-wik 142.5 144.3 134.8 156.3 0 + + 
54. a-maa-li-wik 142.8 145.2 133.5 151.8 0 + + -



TABLE 4-2 

(continued) 

Subject· AS . -
18. tii-tit 
19. kaa-taq 
20. puuk-ka 
21. q~r-qa 
22. maa-na 
23. taa-niq 
30. maan-na 
31. m~n-niq 
32. maar-niq 

25. a-maaq 
33. am-maaq 

34. aa-taa -35. ~p-paa 
36. quur-qaa 

> 

37. tuur-pa-ra 
38. n~-la-gaq 

39. ki-sii-sa 
40. suk-kuu-tit 
41. kil-luu-tit -
42. a-wa-taaq 
49. am-ma-q~q 

50. a-naa-waa - -57. an-naa-waa - -
53. aa-ma-li-wik 
54. a-maa-li-wik -
62. na-luu-ma-

sur-tuq 

62. 

S4 

131.8 
123.5 

138.8 

36 

Mean ·fund.· freq. 

S3 S2 Sl 4<313>212<1 

134.3 171.3 + 
[ 12 4 .1] 152.8 + 

134.8 159.5 + 
135.5 159.0 + 

[128.1] 155.3 + 
125.2 159.8 + 
132.7 154.0 + 
130.5 158.3 + 
132.3 158.8 + 

133.0 140.0 + 
136.0 142.3 + 

137.8 135.5 0 
133.7 136.0 0 
138.2 137.7 0 

139.0 112.8 139.8 + + 
139.7 120.5 146.0 + + 

138.5 138.8 157.8 0 + 
140.0 138.5 165.5 0 + 
141.0 134.2 165.8 + + 

124.0 135.0 [ 140. 5] - + 
127.8 139.8 140.7 - 0 

127.0 [ 13 9 .1] [ 136. 0] - 0 
130.0 [ 140. 3] [132.7] - -
146.5 127.8 155.0 + + + 
140.8 128.0 157.5 .+. .+ :+ 

148.0 128.3 161.5 + + + 

SS .. 

125 .-9 •. I· + 



TABLE 4-2 

(continued) 

Subject: GT 

18. tii-tit 
19. kaa-taq 
20. puuk-ka 
21. quur-qa 
22. maa-na 
23. taa-niq 
30. maan-na 
31. maan-niq 
32. m~r-niq 

24. i-wiit 
25. a-maaq 
33. am-maaq 

34. aa-taa 
35. aap-p~ 
36. q~r-q~ 

39. ki-sii-sa 
40. suk-kuu-tit 
41. kil-luu-tit 

42. a-wa-taaq 
49. am-ma-qaaq 

so. 
57. 

a-naa-waa 
an-naa-waa 

53. aa-ma-li-wik 
54. a-maa-li-wik 

S4 .. 
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106.3 
118.0 
112.5 

100.3 
103.8 

103.8 
108.8 

105.5 126.0 
106.5 · 122.0 

, , v V V 
60. ~-sas-s~-wuq 110.5 128.0 

63. i-li-sas-saa-
wuq 110.8 126.5 

63. 

S2 S.l L4(3 .3>.2. 2<1 

113.3 
101.2 
117.8 
117.0 

[105.3] 
106.7 
111.7 
109.5 
111.3 

114.8 
110.5 
110.8 

117.0 
110.8 
118.7 

113.0 
120.0 
116.0 

117.3 
126.3 

151.8 
133.8 
140.8 
139.8 
136.8 
134.8 
129.8 
133.5 
140.0 

[ 120. 9] 
[ 105. 7] 

114.7 

117.7 
108.7 
115.2 

137.0 
146.0 
146.5 

114.0 
116.2 

[ 120. 4 ] [ 106. 8] 
125 .o [ 10.9 .. 4.] 

104.0 
106 .o 

137.3 + 
137.3 + 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 

0 

0 
0 

- + 
0 + 

.. 0 . + 

0 

+ + 
+ . + 

113.67 134.0 + -+ + 

117.5 136.3 + + + 

SS .15(4 

103.8 + 
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In section 1., every syllable~final consonant was con­

sidered as a mora. If a word-final consonant is taken to 

coupt as a tone base, then in the (C)V-CVC type of words the 

vowel of the final syllable will be M2, and the vowel of the 

initial syllable will be M3. In this case, M2 is the mora 

which has the highest mean fundamental frequency. It is 

higher than that of M3, and this difference is significant! 

·This is contrary to the assumption concerning phrase-final 

intonation. Further, in one pair of words, (3) 'iTlu and (4) 

ilTut, there is no significant difference of mean fundamental 

frequency between the final vowels of the two words. Conse­

quently, the word-final consonant (which is always voiceless) 

should not be counted as a tone base. 

If part of the word-medial voiceless consonant is taken 

as a tone base, the first vowel of (C)VC-CV(C) words will be 

M3, and the word-medial consonant mora will be M2. As is seen 

in table 4-1 , there is no difference of mean fundamental fre­

quency between the vowel of M3 (= S2) in the (C)V-C-CV(C) type 

of words and that of M2 (= S2) in the (C)V-CV(C) type. 

Consequently, in the following a voiceless consonant 

mora is not taken as a tone base. The behaviour of a voiced 

consonant mora, i.e. a nasal mora, will be taken up later in 

4.3.2.4. 

4.3.2.2. Words containing only short vowels (and no long 

nasal) 

Since a voiceless consonant mora is not taken as a tone 

base, the results are the same as those obtained for words 
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with short vowels on a syllabie basis, e~cept th~t words 

containing a long nasal are, for the time being, not in­

cluded. 

4. 3. 2. 3. Words containing both :short ·a·n-a--lon·g· voweTs 

(and no long nasal) 

Here a short vowel is counted as one mora vowel, and 

a long vowel is counted as two mora vowels. See table 4-3. 

(1) M2-Ml: M2 will be lower than Ml: The numbers of 

tokens are 20 for RP, 22 for AS, and 22 for GT. In all the 

tokens M2 is significantly lower than Ml. 

(2) M3-M2: M3 will be higher than M2: The numbers of 

tokens are 18 for RP, 20 for AS, .and 20 for GT. In all the 

tokens M3 is significantly higher than M2. 

(3) M4-M3: The numbers of tokens are 10 for RP, 13 for 

AS, and 12 for GT. In five tokens spoken by RP, M4 is sig­

nificantly lower than M3. In three tokens of the same person 

M4 is lower than M3, but the difference is not significant. 

Two tokens of his ((39} kis!isa, and (40} sukk~utit} have sig­

nificantly higher M4. In the tokens spoken by AS, 11 out of 

13 tokens have significantly lower M4. Two tokens ((40) 

s!!kk~utit, a.nd (41) k!ll~utit) have either higher or lower 

M4. In the tokens spoken by GT, M4 is significantly lower 

than M3 in four- and five-mora words (10 tokens). But in two. 

six-mora words the result is different. In (60) ii•s~ssaawuq, 

M4 is significantly higher than M3, and in (63) ilis~ss~awuq, 

M4 is either higher or lower than M3. (These six-mora words 
are found only in GT8 s list.) 
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(4)· M5-M4: In the token .. (So)· ·~naawaa spoken by RP, MS 

is significantly lower than M4, but in two other tokens spoken 

by the same person the difference is not significant .. In AS's 

four tokens and in GT's five tokens, MS is significantly lower 

than M4. 

(5) M6-M5: The numbers of tokens are 1 for AS and 2 for 

GT. M6 is significantly lower than MS. 

As for M3 and Ml, M3 is significantly lower than Ml in 

12 out of 18 tokens of the material spoke~ by RP, in 17 out 

of ,20 tokens by AS, and in 14 out of 20 tokens by GT. 

The number of tokens which agree with our assumption is 

as follows. [The figure to the left of the slash indicates 

the number of tokens in which the difference is significant; 
I 

the figure to the right of the slash indicates the total number 

of tokens.] 

RP AS GT 

M2 < Ml 20/20 22/22 22/22 

M3 > M2 18/18 20/20 20/20 

M4 < M3 5/10 11/13 10/12 

MS< M4 1/3 4/4 5/5 

M6 < MS 1/1 2/2. 

[NB: In RP's (39) and (40) M4 is 

significantly h~gher ~han M3; 

in GT's (60) M4 is s~gnificantly 

higher than M3.] 

When words containing only short vowels or both short 

and long vowels are put together, but words containi~g lo~g 

nasals are omitted, the number of tokens which ~gree with our 

assumption on the mora basis is as follows. 
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RP • AS • GT· 

M2 < Ml 38/3.8 44/4.4 43/ 4.3 • 

M3 > M2 . 25/2.5 · 30/30 29/29 

M4 < M3 5/1.4 17/19 15/1.7 

MS< M4 2/4· 6/6. 7/8. 

M6 < MS 0/1 2/2 3/3. 

In the tokens in which the differences betwe·en adjacent 

moras are significant, the followi~g tokens have values of 

less than 5.0 Hz difference. [Values in Hz.] 

M3) M2·: 

AS: 

GT: 

• M4 < M3 :·· 

RP: 

MS ( M4 :· 

(42) awat~aq 

(22) maana 

(24) iwiit 

(35) aappaa 

(36) ·q~rqaa 

(SO) anaawaa 

(53) aamaliwik 

( 4. 3) 

( 5. 0) 

( 5. 0) 

(4.2). 

(4.2) 

( 3 .0) 

(4.3)' 

GT: (53) aamaliwik (5.0) 

M6 < MS: 

GT: (60)· iisassaawuq (3.0) 
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TABLE 4-3 

Mean fundamental frequericy valuei (in Hz)., and th~ 
significance of differences of mean fundamental fre­
quency values between adjacerit vowe.I moras., The cal­
culations are ·carried out ·on a "mora" .basis in words 
containing both "short" _and "long" .vowels (and no 
long nasal). • 

([. ]: indicates values calculated over more ·than 
two points of measurement, 

+: agrees significantly with the assumption, 
-: differs significantly from the assumption, 
0: no significance.) 

Mean ·fu·nd. freq. 
Subject: RP M4 M3. . M2 .. . . Ml. ... 4<3: "J.>.2 .. 2(1 -

1. ta-aq [127.8] [ 140. 3] + 
2. pu-ut ... ... 1.4.2 ... 3. • ... 1.5.6 .. .1" ". 

. . 
.+ . . . . . . .. 

18. ti-i-tit 141.5 135.5 157.3 + + 
19. ka-a-taq 134.8 126.3 146.8 + + 
20. pu-uk-ka 141.3 133.8 153.3 + + 
21. ·gu-ur-qa 135.8 · 130.5 143 .·s + + 
22. ma-a-na 132.5 125.5 150. 3 .• + + 
23. ta-a-niq 133.8 126.5 150.3 + + 
24. i-wi-it 141. 8 · 134.3. 147.5 + + 
25. a-ma-aq 14.5 ... 8 . .[_13.2_ .. 2.1 {1.45. 2.] + + 

34. a-a-ta-a [ 1.40. 8] [ 14 8 .-5] [ 1.28. 7-] 142.5 + + + 
35. a-ap-pa-a 140.8 145.0 12 6. 3 • • 135.0 + + + 
36. qu-ur-qa-a 141.3 145.5 [ 12 6. 3] [ 136. 2.] + + + 
39. ki-si-i-sa . 140. 8 136.5 130.0 151.0 - + + 
40. suk-ku-u-tit 147.8 144.0 138. 3 • 159.0 - + + 
41. kil-lu-u-tit 142.3 142.8 135.0 158.0 0 + + 
.42 •· a-wa-ta-aq .. . 1.39 .. .0 .. .14.6 ... 3. • .[ :12.9 ... 8: J : .1.4 3 .. ·.s 0. ' . .+. ' ' .+. 

' ' .. . .. 

50. a-na-a-wa-a 140. 3 • [143.3] [ 1.2 6. 5] 138.0 + + + 
53. a-a-ma-li-wik 140.0 144.3 134.8 156.3 .+ + + 
54. a-rna-a-li-wik .14.2 ... 8. . . .l.4.4 ... 3. ... l.3.3 .. -.s_ . . .1.5.1 ... 8. . .0. . . .+. .+ . .. . ... . ' 

. MS .... .5.<A 

so. 134. 8. + 
53. 141.8 0 
54. 142.8 0 



TABLE 4-3 

(continued) 

Subject: • AS -
1. ta-aq 
2. pu-ut 

18. ti-i-tit 
19. ka-a-taq 
20. pu-uk-ka 
21. qu-ur-qa 
22. ma-a-na 
23. ta-a-niq 
25. a-ma-aq 

34. a-a-ta-·a 
35. a-ap-pa-a 
36. qu-ur-qa-a 
37. tu-ur-pa-ra 
38. na-a-la-gaq 
39. ki-si-i-sa 
40. suk-ku-u-tit 
41. kil-lu-u-tit 
42. a-wa-ta-:aq 

so. a-na-a-wa-a 
53. a-a-ma-li-wik 
54. a-ma-a-li-wik 

62. na-lu-u-ma-
sur-tuq 

so. 
53. 
54. 

62. 

M4. -

130.0 
126.5 
132.8 
134.3 
133.3. 
138.5 
140.0 
141.0 
124.0 

136.0 
134.3 
136 ... 3 

140.3 
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... 
M3 _ .. "M2 .. 

125.3 
... 13.6 .. 0 

141.3 126.8 
[ 130. 5] [115.5] 

140. 3 • 125.5 
140.0 127.0 

[ 131. 3] 122.8 
129.0 118.5 
133.0 125.5 

143.5 120.8 
136.5 123.0 
140.3 122.8 
139.5 112.8 
140.8 120.5 
145.0 127.0 
141.0 12 7. 3 -
139.5 124.3 
135.5 [131.2] 

[142.2] [125.7] 
146.5 127.8 

.. 14 4 .. 0. .. . 12.8 .. .0 

148.0 128.3 

M6. 

125 .o. 

"Ml ..... _ '.4.<.3 l'-3.>.2. j'.2.<_1. . . 

145.0 + 
15.4..-.8 +. . 

171.3 + + 
152.8 + + 
159.5 + + 
159.0 + + 
155. 3 • + + 
159.8 + + 
150.8 " .+ .+ 

142.8 + + + 
146.0 + + + 
143.8 + + + 
139.8 + + + 
146.0 + + + 
157.8 + + + 
165.5 0 + + 
165.8 0 + + 
.153. 8 + .+ .+ 

150.5 + + + 
155.5 + + + 
.1.5 7. 5 + + .. .+. ' . ' 

161.5 + + + 

. MS. : l-6-<:5-. j .5 <-4-

127.0 + 
125.8 + 
.1.2.3 .. ·.5 .. •. ·.+ .• 

. . . . . . 

133.5 + + 



TABLE 4-3 

(continued) 

Subject· • GT . -
. . . . . . . . 

1. ta-aq 
2. pu-ut 

18. ti-i-tit 
19. ka-a-taq 
20. pu-uk-ka 
21. qu-ur-qa 
22. ma-a-na 
23. ta-a-niq 
24. i-wi-it 
25. a-ma-aq 

34. a-a-ta-a 
35. a-ap-pa-a 
36. qu-ur-qa-a 
39. ;ki-si-i-sa 
40. suk-ku-u-tit 
41. kil-lu-u-tit 
42. a-wa-ta-aq 

so. a-na-a-wa-a 
53. a-a-ma-li-

Wik 

54. a-ma-a-li-
wik 

60. • • v $ v 1-1-sa -sa-
a-wuq 

7 

63. i-li-sas-sa-
a-wuq 

50. 
53. 
54. 

60. 
63. 
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M4. . . . . M3 . 

118.3 
107.5 
122.0 
118.5 
106.0 
107.5 
114.8 
110.5 

109.8 123.8 
103.0 118.3 
110.8 126.0 
106.3 118.5 

118.0 127.0 
112.5 122.8 

100.3 117.3 

116.5 ·;{ l._24. 2] 

107.0 126.0 

117.0 126.3 

128.0 119.3 

126.S 123.8 

. . M2 .. .·ML • .: •. '.·A._<Jj}.>.2.j .2.<1 

96-.0 119. 3 • + 
113.3 134.5 + 

108. 3 • 151.8 + + 
97.3 133.8 .+ + 

114.0 140.8 + + 
110.8 139.8 + + 
101.0 136.8 + + 
100. 3. 134.8 + + 

[ 109. 8] 133.3 + + 
[ .9 6. 4] 120.5 + + 

103.3 121.8 + + + 
95.5 115.8 + + + 

101.3 121.3 + + + 
106.8 137.0 + + + 
110.0 146.0 + + + 
106 .o 146.5 + + + 

[ .98. 0] 121.8 + + + 

[ -.9 9. 2 ] 116.0 + + + 
104.0 137.3 + + + 

106.0 137.3 + + + 

103.3 134.0 - + + 

106. s· 136.3 0 + + 

M6 MS 16<5 ls,4 
103.8 + 
102.0 + 
106.5 + 

108.0 111.0 + + 
103.8 110.8 + + 
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In 4.3~2.l. ~t was mentioned that a voiceless consonant 

mora is not a tone base. A nasal mora, on the ·other hand, may 

behave differently, since this is a voiced sound with ·a well­

defined fundamental frequency throughout its duration. Three 

hypotheses should be tested concerning the role of a nasal 

mora as a tone base: (a) a nasal mora is not a tone base, 

(b) a vowel mora and the following nasal mora form a single 

compound tone base, and (c) a nasal mora is an independent 

tone base. 

It should be remembered that a nasal mora is arbitrarily 

assigned two thirds of the total duration of a long nasal. 

As for the results, see table 4-4. 

In words in which the nasal mora /N/ occurs as M2 or 

M3 when counted as a tone base, the results are as follows: 

(a) When /N/ is completely omitted, the difference be­

tween mean values of M3 and mean values of M2 in (30) m~nna, 

(31) maanniq, and (32) maarniq is less than 5.0 Hz, except· 
,..- -

in AS's token (32). 

(b) When /V/ + /N/ is counted as a compound tone base, 

our qssumption holds true of all the tokens. That.is, the 

differences between M2 and Ml, and M3 and M2 are significant, 

and the mean values of the higher tone base are more than 

5.0 Hz higher than those of the lower. 

(c) When /N/ is counted as an independent tone base, 

M2 is significantly lower than Ml. But the difference between 

M3 and M2 is not significant in GT's token (15) m~na. And 

the mean values of M3 are higher than those of M2, but are 

less than 5.0 Hz higher than those of M2 in RP's tokens (30), 

(31), and (32), and GT's tokens (32) and (17) m5!.Eniq. Notice 

here that M2 is a nasal mora and M3 is a vowel mora. The 

difference between M4 and M3 is contrary. to the assumption in 
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most of the cases. In the ·fo1lowi~g tokens M4 is s~gnificantly 

higher than M3: for RP,. (31) ;· .for AS, (30) ,. (31),. (51) ·tikil)~ 

Qilaq, and (52) ·ikusimmi; .for GT,, (32) :and (52) .• In the rest - - .. 

of the tokens th~ difference ·is not significant,· eicept in 

GT' s (33)· a·-·!!!-:--maaq, in which M3 • (= /N/) is significantly 

higher than M4. 1 

l) In the transcription used here it should be remembered that 
/rn/ stands for a long nasal with an initial uvular compo­
nent. Hence /r/ may· be referred to as a nasal mora. 
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TABLE .4-4 

Mean fundamental frequency value '(in Hz)'., and the 
signifi~ance ~f d~ffe~erices of ~e~n £uridamerital fre­
quency values be·tw.eeri adjacen·t moras in words con­
taini~g a long nasal.·. 

(tb = tone base) 

• Me·a'n' ·f:uhd. • · :f·r'eq. · 
Subject: RP M4 M3. M2 Ml 

Sign•if icance 

4<.31'3>212<1 

_N t= tb 

15. ma(n)--na 
16. a(n)-niq 
17. ma(r)-niq 
30. ma-a(n)-na 
31. ma-a(n)-niq 
32. ma-a(r-)--niq 
33. a(m)-ma-aq 
57. a(n)-na-a-wa-a 

57. 

V+N = tb 

15. man-na 
16. an-niq 
17. mar-niq 
30. ma-an-na 
31. ma-an-niq 
32. ma-ar-niq 
33. am-ma-aq 
57. an-na-a-wa-a 

N = tb 

15. 
16. 
17. 
30. 
31. 
32. 
33. 
57. 

ma-n-na 
a-!!-niq 
ma-r-niq 
ma-a-n-na 
ma-a-!!-niq 
ma-a-r-niq 
a-!!!-ma-aq 
a-n-na-a-wa-a 

145.0 

136.0 
139.8 
135.0 
149.8 
144. 3 • 

137.5 
143.3 
136.5 
133. 3 • 
134.8 
131.3 
131.3 
128.3 

154.0. 
150.5 
150.8 
150. 3 • 
153.3 
152.8 
141. 3 • 
139.3 

MS 

146.8 

131.6 154.O 
13 6 . 5 15 0 . 5, 
131.9 150.8 

136.0 130.5 150.3. 
139.8 132.5 153.3 
135.0 130.8 152.8 
'147.0 131.3 141.3 

s c /an/) = 14 4 . 6 , " s. <. 4." .= o . 

137.5 128.3. 
143.3 133.3. 
136.5 129.7 

136.0 133.3 129.0 
139.8 .134.8 130.8 · 
135.0 131.3 129.3. 
149.8 145.7 131~3. 

M6 = .146.8, MS (/N/). -
"6 < 5" - o, "5 < 4" = o. 

154.0 
150.5 
150. 8 · 
150. 3. 
153.3 
152.8 
141.3 

143.7, 

0 

0 

0 
0 

0 
+ 
0 
+ 
+ 

+ 
+ 
0 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

0 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

.+ 
+ 
+ 
+ 



TABLE 4-4 

(continued) 

Subject· AS . -

N /: tb 

15. ma(n)-na 
16. a(n)-niq 
17. ma(r)-niq 
30. ma-a(n)-na 
31. ma-a(n)-niq 
32. ma-a(r)-niq 
52. i-ku-si(m)-mi 
33. a(m)-ma-aq 
51. ti-ki(l))-l)i-laq 
49. a(m)-ma-qa-aq 
57. a(n)-na-a-wa-a 

57. 

V+N = tb 

15. man-na 
16. an-niq 
17. mar-niq 
30. ma-an-na 
31. ma-an-niq 
32. ma-ar-niq 
52. i-ku-sim-mi 
33. am-ma-aq 
51. ti-kil)-l)i-laq 
49. am-ma-qa-aq 
57. an-na-a-wa-a 

48 

• Mean'. £und.: ·.freq-.· 

M4. . M3.. •. M2. . Ml . 4 <,3 I 3>212(1 

140.8 161.8 + 
129. 8 · 155.8 + 
128.0 156.8 + 

133 .·8 130.5 154.0. + + 
132.8 130.8 158.3 0 + 
13 6. 0. 130.0 158.8 + + 

136.3 14 8. 8 · 134.0 153.8 + + + 
136·.o 127.8 150.5 + + + 

138.1 152.5 118.4 148.8 + + + 
127.8 139.8 129.3. 145.5 + + + 
140.5 [141.9] [ 123. 3] 144.8 0 + + 

MS 15<4 

130.0 + 

133 .• 3 161.8 + 
123.0 155.8 + 
123.3. 156.8 + 

133.8 · 123.6 154.0 + + 
132.8 124.4 158.3 + + 
136.0 124.5 158.8 + + 

136.3 148.-8 125.8 153.8 + + + 
137.8 127.8 150.5 + + 

138.l 146.9 118.4 148.8 + + + 
130.l 139.8 129. 3 • 145.5 + + + 
MS (/an/) = 131.9, 
"5 (4" = +. 
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TABLE 4-4 

(continued) 
'!(4; 

• Mean: ·fu·nd.· fre9:. • Si~n•i:f•i•cance 
Subject: • AS 

4<.313>212<1 ' . M4 M3. M2 . Ml 

N = tb 

15. ma-n-na 140. 8 · 130.0 161. 8. + + 
16. a-_!l-niq 129.8 120.3 155.8 + + 
17. ma-E,-niq 128.0 119.5 156.8 + + 
30. ma-a-n-na 133.8 130.5 119. 3 • 154.0 - + + 
31. ma-a-n-niq 132.8 130.8 120.7 158.3 0 + + 
32. ma-a-r-niq 136.0 130.0 121.0 158.8 + + 
52. i-ku-si-m-mi 148.8 134.0 121.7 153.8 + + 
33. a-m-rna-aq 136.0 140.0 127.8 150.5 0 + + 
51. ti-ki-_g_-l)i-laq 152.5 144.6 118.4 148.8 - + + 
49. a-!!!-ma-qa-aq 131.2 139.8 129.3 145.5 + + + 
57. a-n-na-a-wa-a . 140. 5 [141.9] [ 12 3. 3] 144.8 0 + + 

M6 MS 16<5 I S<.4 

52. 136.3 + 
51. 138.1 + 
49. 127.8 0 
57. 130.0 132.7 0 + 



50 

TABLE 4~4 

(continued) 

Mea·n fund.· ,freg. Si9:nificance 
Subject: • GT 

.. 4<.J 1·:3.>2. j .2.<:1. .. . M4. . .M3 . M2 . . . • Ml. 

N =f;· ·tb 

15. ma(n)--na 110.0 140. 3 • + 
16. a(n)-niq 103.8 134.0 + 
17'. ma(r)-niq 101.8 142.0 + 
30. ma-a(n)'-na 112.3 109. 3 • 129.8 0 + 
31. ma-a(n)-niq 110.8 108.5 133.5 0 + 
32. ma-a(r)-niq 109.5 106 .o 140.0 + + 
52. i-ku-si(m)-mi 109.8 127.0 121.3 140.5 + + + 
33. a (m)-ma~aq . 110. 8 · 101.5 121. 3 • + + 
51. ti-ki ( f) ).-r)i-laq 115.8 122.0 105.0 132.8 + + + 
49. a(m)-ma-qa-aq 103.8 126.3 102.8 122.3 + + + 
57. a(n)-na-a-wa-a 122.0 127.3 [ 101. 2] 118.0 + + + 

MS IS<4 
I 

57. 108.a I . .+ 

V+N = tb 

15. man-na 108.8 140.3 + 
16. an-niq 99.0 134.0 + 
17. mar-niq 100.l 142.0 + 
30. ma-an-na 112. 3 • 102.8 129.8 + + 
31. ma-an-niq 110. 8 · 103.1 133.5 + + 
32. ma-ar-niq 109.5 103.2 140.0 + + 
52. i-ku-sim-mi 109.8 127.0 113 .• s 140.5 + + + 
33. am-ma-aq 116.4 101.5 121.3 + + 
51. ti-kio~oi-laq 115.8 124 .. 5 105.0 132.8 + + + 
49. am-ma-qa-aq 106.6 12 6. 3 • 102. 8 · 122.3 + + + 
57. an-na-a-wa-a MS (/an/).= 110.4, 

" 5 ( 4 " .= + . 



TABLE 4-4 

(continued) 

Subject: • GT 

N = tb 

15. ma-n-na 
16. a-n-niq 
17. ma-r-niq 
30. ma-a-n-na 
31. ma-a-n-niq 
32. ma-a-r-niq 
52. i-ku-si-m-mi 
33. a-!!!-ma-aq . 
51. ti-ki-Q-l)i-laq 
49. a-!!!-ma-qa-aq 
57. a-n-.na-.a-wa-.a 

52. 
51. 
49. 
57. 

.. 

51 

. .M4. M3 . 

110.0 108.3 
103.8 97.2 
101.8 99.2 

112.3 109.0 99.2 
110.8 108.5 99.2 
109.5 106 .o 101.3. 
127.0 121. 3 109.2 
110.8 119.3 101.5 
122.0 124. 8. 105.0 
108.0 126.3 102.8 

ML 

• Si-gni'-ficance 

'.4.<.3.1'3.>2.,02.<.L •• 

140.3 0 + 
134.0 + + 
142.0 + + 
129.8 0 + + 
133.5 0 + + 
140.0 + + 
140 .. 5 + + 
121.3 + + + 
132.8 0 + + 
122.3 + + + 

•. :i:2:2:·.-o.· ·._· ·.1..2., ..... J; r.1.0._i-.·._2) .1.1._8 .... o.· •• +. + .+. . 

M6 MS. . .. I 6<515<4 

109.8 + 
115.8 + 
103.8 + 

108. 8 · 111.0 0 + 
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4. 4· .. • :Slope 

4·. 4-.-i-.: • s:10·-p·e· o•f: ·sho·-rt voweTs· ·{o·n .. ·-a· ·syl'labTe: bas•is}. :. 

See 4.4.3. below. 

Table 4-5 shows the slope 1 (i.e. [Hz/cs]) of vowels in 

words containing both short and long vowels and containing no 

long nasal. 1 Both long and short vowels are counted as one 

vowel segment. Is the slope of the vowel fixed accordi~g to 

the syllable position? The results show that except for the 

slope of Sl, there is no definite tendency. The vowel of Sl 

has a positive slope. Notice that there are some tokens in 

which the vowel of S2 has a significantly positive slope. 

1) Notice that ."+ 11 
.. and "-. 11 .are used here ·in a different way 

than in the presentation of diffe:r·ences of mean fundamental 
frequency values. 
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TABLE 4-5 

Slope ·1 (Hz/c.s) of vowels in two.- and three-
"syllable._ .words containing both ·u short 11

• .and 
"long" .vowels. 

ex = mean, s = standard deviation) 
( "+" at the upper right of the X value: 
slope 1 is significant) 

S3 S2 Sl 
Subject: RP x x .s. .x .S .. s. 

18. tii-tit -0. 6+ 0.2 0.1 0.5 
19. kaa-taq -0.4 0.3 -0.5 1.0 
20. puuk-ka -o. 6+ o. 4 -0.8 0. 9 

21. quur-qa -o.s+ 0.2 -0.7 1.3 

22. maa-na -o. 2+ 0.1 1.2+ o. 7 • 

23. taa-niq -0.2+ 0.1 2.2+ 0.7 
24. i-wiit -1.-6 + 0.3 1.9+ 0.2 
25. a-maaq -o. 6+ 0.3 1.2+ 0.4 

34. aa-taa 0.6+ o. 4 1.4+ 0.4 
35. aap-paa 0.4 o. 4 1.2+ 0.3 
36. quur-qaa 0.4+ 0.2 1.1+ 0.2 

39. ki-sii-sa -2.0+ 0.4 -o. 4+ 0.2 -0.7 1.3 
40. suk-kuu-tit -0.3 0.8 -0.3 0.3 o. 6 1.0 
41. kil-luu-tit -1.6+ 1.1 -o. 4+ 0.1 0.0 o.o 
42. a-wa-taaq -1.1 0.8 o. 9+ 0.5 0.9+ 0.2 

so. a-naa-waa -0.7 0.9 -0.3+ 0.2 1.3+ 0.3 
57. an-naa-waa -0.6 1.0 -o.3+ 0.1 1.0+ o. 3 



54 

TABLE 4-5 

(continued) 

S3. S2 Sl 

Subject: • AS· 
X s x s X s 

18. tii-tit -1.2+ 0.3 0.3 0.5 

19. kaa-taq -o. 5+. 0.3 1.6+ 0.5 

20. puuk-ka -1.7+ 0.4 1.5+ 0.6 

21. + o. 3. + 0.4 quur-qa -1. 7 · 1. 9 .. 

22. + 0.2 . 3.4+ o. 9 maa-na -o. 7 · 

23. taa-niq -0.4+ 0.1 3.8+ 0.8 · 

25. a-maaq 0.7 0.6 1.8+ 0.3 

34. aa-taa o. 9+ 0.3 + 1. 9 . 0.2 

35. aap-paa 1.1+ o .. 3 2.0+ 0.1 

36. quur-qaa 0.5 0.4 1.9+ 0.2 

37. tuur-pa-ra o.5+ 0.3 -0.3 0.4 3.7+ 0.6 

38. naa-la-gaq 0.3 0.2 . o.o o. 3 • + 3. 9. o.1 

39·. ki-sii-sa -2.5+ 0.9 -1.2+ o. 2 . 1.7+ 0.3 

40. suk-kuu-tit + -2 .2 . 0.7 -0.8+ 0.1 -0.8 1.2 

41. kil-luu-tit -2.0+ o. 4 -o. 9+ 0.1 0.1 0.6 

42. a-wa-taaq o.o 0.6 1.6+ 0.4 1.9+ 0.2 

so. a-naa-waa 0.2. 0.3 -0.1 o·. 3 1.9+ 0.4 

57. an-naa-waa 0.2 0.3 -0.6+ .0.2 1.9+ 0.2 
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TABLE 4-5 

(continued) 

S3. S2. Sl 

. Subject:-·- -GT- ·.x:. . . S .. . x .. . ~S. ··x . . .S . 

18. tii-tit . -o. 6 + 0.1 1.1 0.8 

19. kaa-taq -o. 6+ o. 2. + 1. 3. o. 6 

20. puuk-ka -o. 9+ 0.1 1.3+ 0.5 

21. quur-qa -o. 7+ 0.1 1.6+ 0.5 

22. maa-na -o. 3+ 0.0 3.4+ 0.5 

23. taa-niq -0.3+ 0.1 3.6+ o. 6 

24. i-wiit o. 3+ 0.2 1.4+ o. 3 • 

25. 1.0+ o. 4 + 0.1 a-maaq 1,. 7. 

34. aa-taa o. 4+ 0.2 1.3+ 0.2 

35. aap-paa 1.1+ 0.2 1.5+ 0.3 

36. quur-qaa 1.0+ 0. 2 1.4+ 0.2 

39. ki-sii-sa -1.2+ 0.3 -o. 7+ 0.2 1.5+ o .. 4 

40. suk-kuu-tit -1.6+ 0.3 -o. 8+ 0.1 1.1+ 0.7 

41. kil-luu-tit -1.1+ 0.5 -o. 7+ 0.2 1.6+ o. 9 

42. a-wa-taaq 0.6+ o. 3 • 1.0+ 0.2 1.8+ 0.2 

50. a-naa-waa 0.4 0.5 -0.1 0.1 + 1. 2 . 0.2 

57. an-naa-waa 0.1 0.1 0.1 0.1 1.5+ 0.2 
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Based on the res·u1 ts. in the prec"eding section 4 . 3 .. • , we 

tentatively assume that the ·tonal pattern is regulated on a 

mora basis. (NB: When a word contains only sho"rt vowels, the 

results obtained on a mora basis are equal to those obtained 

on a syllable basis. And short vowels of M2 and Ml are always 

equal to those of S2 and Sl.) A nasal mora is not an inde­

pendent tone base, but it is uncertain as yet whether a vowel 

before a nasal mora forms a tone base with or without help of 

the following nasal mora. The·refore, vowels immediately be­

fore a nasal mora will not be included here. 

As for the results of slope 1 ([Hz/cs]) and slope 2 

([Arctang (Hz/cs) ]) , see table 4-6. Fig-.· ._4~2 shows the number 

of significant tokens. 

In this section only the significance of the direction of 

the slope is considered. But in section 5. the degree of the 

slope and relations between the slope and the mean fundamental 

frequency and the consonantal environment will be discussed. 

The direction of the slope is not clear except for the. 

vowels of Ml and M2. In Ml there is a_ general tendency for 

the slope to be positive, i.e. the pitch is rising. When the 

slope is not significantly positive, the vowel is always pre­

ceded by a voiceless consonant. In M2 the slope is_ generally 

negative, i.e. the pitch is falling. The slope of M3 shows no 

clear tendency common to the three persons. Further, in half 

of all these cases, the slope does not differ significantly 

from zero. In RP's and AS's tokens, the slope tends to be 

negative, while in GT's tokens it tends to be positive. In 

M4 there is no case where either slope 1 or·2 is significantly 

positive, except in one of GT's tokens (i.e. (42) awataaq), in 

which the slope is significantly positive. The slopes of MS 

and M6 have, as a whole, no significant direction. 
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Fig. 4- 2. 
Slopes of short vowels in each mora position. 
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TABLE 4-6 

Slopes of short vowels in each mora position. 

[Values shown are those of the slope l.] 

(X = mean, s = standard deviation) 

("++" .at the upper right of the X- v~lue: both 
slopes l (Hz/~~) and 2 (Arctang(Hz/c~)) 
are significant; 

11+." .in the same place: slope 2 is significant~) 

Ml 

37. tuurpa-r~ 

22. maa-na 

44. uqurlu-ni 

38. naala-gaq 

51. tikiQrji-laq 

56. akisima-wuq 

·60. iisassaa-wuq 

63. ilisa~saa-wuq 

14. tu-wit 

53. aamali-wik 

54. amaali-wik 

13. ma-niq 

23. taa-niq 

15. man-na 

30. maan-na 

52. ikusim-mi 

16. an-niq 

31. maan-niq 

17. mar-niq 

32. maar-niq 

39. kisii-sa 

5. ka-tak 

19. kaa-t~q 

• RP 

x 

1.2++ 

1.3++ 

· 3. 6++ 

2.6++ 

2.a++ 

2.2++ 

1.7+ 

1.3++ 

1.6++ 

2.5++ 

1.a++ 

2.4++ 

-0.7 

-0.5 

-o.s 

s 

0.7 

0.4 

2.0 

o. 9 

1.5 

0.7 

1.3 

0.7 

0.8 

1.1 

1.2 

0.3 

1.3 

0.8 

1.0 

• AS 

. ·S 

0.6 

3.4++ 0.9 

2.8++ 0.7 

3.9++ 0.1 

3.3++ 0.8 

5.o++ o.5 

3.9++ 0.3 

3.3++ 0.6 

4.a++ o.5 

3 .·8++ o. a 

3.s++ o.6 

3.1++ 0.6 

2.9++ 0.6 

4.6++ 0.9 

4.6++ 0.7 

3.6++ 1.0 

3.9++ o.s 

1.7++ 0.3 

1.4++ 0.5 

1.6++ 0.5 

• GT 

3.4++ 0.5 

2.9++ 0.6 

3.4++ 0.4 

4.2++ 0.9 

3.7++ 1.2 

3.6++ 0.8 

3.3++ 0.8 

3.1++ 0.7 

3 .o++. 1. 2 

4.1++ 1.0 

3.6++ 0.6 

2.6++ 0.5 

3.3++ 0.4 

3.1++ 0.5 

3.3++ 0.5 

3.2++ 0.8 

3.1++ o.s 

3.5++ 0.4 

1.5++ 0.4 

1.0++ 0.5 

1.3++ 0.6 
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TABLE 4-6 

(continued} 

• RP. ·. • AS • GT 

Ml 
x. s ... .x. ·S . ... x .. S··. 

27. naka-t~q -o.5 0.7 1.6++ 0.5 1.2++ 0.7 

28. awa-t~q 0.1 0.7 1.0++ o. 6 2.3++ 0.4 

43. naparu-t~q o. 7++ o. 4 

8. ta-q~q 1.3 1.4 1.3++ o. 6 2.2++ o. 6 

55. aputitu-q~q 1.0++ 0.5 2.5++ o. 6 

6. ma-sak o.o o. 6 1·. 9++ o. 6 1.3++ 0.6 

7. na-saq -0.8 0.8 1.7++ o. 6 1.8++ 0.3 

18. ti'i-tit 0.1 0.5 0.3 0.5 1.1+ 0.8 

26. iki-tit -0.6 0.7 o. 9++ o. 6 1.3++ 0.4 

40. killuu-tit -0.6 1.0 -0.8 1.2 1.1++ 0.7 

41. sukkuu-tit o.o o.o 0.1 0.6 1.6++ o. 9 

20. puuk-ka -o.8 o. 9 1.5++ 0.6 1.3++ 0.5 

29. tuwik-ka o. 9++ 0.5 2.7++ 0.3 

21. quur-q~ -0.7 1.3 1.9++ 0.4 1.6++ 0.5 

3. il-lu -0.6 1.3 1.3++ o. 6 1.0++ 0.7 

9. mat-tak o.o 0. 6 1.2++ 0.2 0.2 0.3 

12. qaq-qaq -0.2 1.0 1.8++ 0.2 1.6++ 0.5 

10. as-Sak 0.2 1.0 1.1++ o. 3 0.4+ o. 3 • 

11. 
V V 

0.1 o. 4 1.5++ o. 6++ as-s~q 0.5 0.4 
64. ilutusimap-p_!:!t -0.7 0.6 o. 7++ 0.5 1.9++ 1.2 

45. iqqanar-p_gq -1.5++ 0.8 1.0 o. 9 1.7++ 0.8 
46. iqqarsar-puq -1.3++ o. 2 -0.2 0. 6 

62. naluumasur-tuq o.o ·o.o 

4. il-lut -0.2 1.1 1.9++ 0.8 1.1++ 0.6 



60 

TABLE 4-6 

( conti.nued) 

• RP • AS GT -
M2 

x . . S. .x . s .. . j{ . .S 

10. as-sak -2.1++ 1.0 -o. 9++ o. 6 -o. 3 • 0.5 
11. ~s-saq -2.1++ 0.8 -1.4++ 0.4 -0.2 0.4 

3. il-lu -2.6++ 0.9 -1.4+ 1.1 -1.6++ 0.5 
4. il-lut -1.1++ 0.2 -2.1++ 0.7 -2.1++ 0.4 

38. naa-la-gaq o.o 0.3 
56. akisi-ma-wuq -0.1++ 0.5 
13. m~-niq -o.8++ 0.4 -o. 7++ 0.4 -0.3++ 0.2 
53. aama-li-wik 0.2 0.4 o. 4+ 0.3 -0.4++ 0.1 
54. amaa-li-wik 0.1 0.7 o. 2 . o. 3 • -o.3++ o. 2 . 
28. a-w~-taq -o. 9++ 0.5 -1.1++ 0.2 -1.4++ 0.5 

6. ma-sak -1.2++ 0.8 -0.1++ o. 4 -o. 8++ 0.5 
7. n~-saq -1.1++ 0.5 -1.7++ 0.4 -1.0++ 0.4 

43. napa-r~-taq -0.5++ 0.3 
64. ilutusi-m~p-put -1.8++ o. 4 -2.9++ 0.4 -2.9++ 0.4 

9. mat-tak -0.9 0.8 -1.5++ 0.3 -0.6++ 0.4 
45. iqqa-n~r-puq -1.5++ 0.3 -3.8++ 0.8 -2.2++ 0.6 
29. tu-wik-ka -1.9++ 0.4 -1.5++ 0.6 
51. tikif)-Qi-laq -0.1 0.4 -1.5++ 0.2 
14. tu-wit -2.4++ 0.5 -o. 7++ 0.4 

B. ta-qaq -2.5++ 0.7 -1.3++_ 0.6 -1.0++ 0.6 
5. k~-taq -2.1++ 0.5 -1. 6++· 0.5 -1.1++ 0.6 

27. na-ka-taq -1.a++ o. 6 -1.6++ 0.2 -1.0++ 0.5 
55. aputi-t~-qaq -2.3++ 0.6 -1.6++ 0.4 
26. i-ki-tit -1.6++ 0.5 -2.2++ o. 4 -1.7++ 0.6 
12. ~q-qaq -2.1++ 0.6 -2.2++ 0.4 -1.3++ o. 2 
62. naluuma-s~r-tuq -1.6++ 0.3 
37. tuur-pa-ra -0.3 0.4 
44. ugur-lJ:!-ni -1.9++ 0.6 -o.s 0.5 -o. 9++ 0.3 
46. iqqar-s~r-puq -2.5++ 0.8 -2.0++ 0.6 
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TABLE 4-6 
(continued) 

• RP • AS GT 

M3 
'.x ... 5 .. .. x .. ·S .. ' -X. S-

28 .• ~-wataq -1.1 1.2 o. 6 0.5 0.9++ 0.1. 

25 .• ~-maaq -0.6++ o. 3 • 0.7 o. 6 1·.o++ 0.4 

24. i-wiit -1.6++ 0.3 0.3++ 0.2 . 

26. i-kitit -2 .. 2++ 0.5 0.7 0.7 -0.4 1.1 

53. aa-ma-liwik -o.a++ 0.5 o.o o.o 0.7 o. 6 

42. a-w~-taaq 0.9++ o.s 1.6++ 0.4 1.0++ 0.2 

27. n~-kataq o.o 0.7 o. 3 0.3 0.6++ 0.2 

62. naluu-ma-surtuq -1.s++ 0.4 

49 .. am-m~-qaaq -o.a++ 0.3 1.2++ 0.5 

43. na-p~-rutaq -1.3++ 0.6 

29. tu-wikka -1.0++ 0.2 -0.3 o. 8 · 

56. aki-si-mawuq .- -0.1++ o. 2 • 

64. ilutu-s.!_-mapput -0.7 0.6 -2.1++ 1.2 -o. 3. 0.4 

52. i-ku-sirnmi -1.6++ 0.5 0.1 0.4 

SS. apu-ti-tuqaq -1.4 1.1 -o. 9++ 0.4 
44. u-~r-luni -1.0++ 0.7 -1.0++ o. 6 1.1++ o. 7, · 

45. iq-q~-narpuq -o.s 0.9 -0.7++ 0.5. o. 7 · 1.0 

46. iq-~r-sarpuq -1.4++ 0.7 -1.2+ 0.9 
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TABLE 4-6 

{continued) 

RP:'. • AS - • GT 

• M4 x. .s ... .x. s X- ·S 

42 .• ~-wataaq + -1. 1. 0.8 o.o 0.6 o·. 6++ o. 3. 

44. !!-qurluni -1.4++ 0.6 -0.5 1. 2 . -0.8 · 0.7 

52. i-kusimmi -0.7 0.8 -1.7++ 0.7 

45. iq-qanarpuq -1.9++ 0.9 0.1 o. 9 0.2 0.8 

46. iq-qarsarpuq -1.6++ o·. a -0.4 0.7 

43. n~-parutaq -1.3++ 0.4 

55. a-p!!-tituqaq -0.5++ 0.3 0.3 o. 7 

64. ilu-t!!-simapput ""."l .. 9++ 0.5 -1.7++ 1.2 -o. 9++ 0.2 

51. ti-kil')r)ilaq -1.6+ 1.2 -1.9++ 1.2 

39. ki-siisa -2.0++ 0.4 -2.5++ o. 9 -1.2++ 0.3 

56. a-ki-simawuq -0.1++ 0.3 

60. , , V $ V 11."""!s~ -saawuq -o.s++ 0.2 

63. , 1 , v V V 1. 1.-sas-saawuq -0.4 o. 3. 

40. suk-kuutit -0.3 0.8 -2.2++ 0.7 -1.6++ 0.3 

41. kil-luutit -1.6++ 1. ]_ ++ . -.2 .. 0. .. .0. •. 4. ++ .-1 .. -.1. ·. ·. · .. . .Q .-.5 
. . . ...... 

MS 

54. a-maaliwik -1.6++ o. 6 0.5 o.s o.o o. 3. 

so. a-naawaa -o.7 o. 9 0.2 o. 3 • o. 4 o.s 

55. ~-putituqaq 0.3 • 1. 2 -0.2 0.3. 

56. ~-kisimawuq -;_ -0.1 0.1 

64. i-1!!-tusimapput 0.1 0.8 0.4 0.3 o. 7++ 0.3 

63. i-li-.sassaawuq ++ 
· .. .o. .. 4 - . .0. •. 6, .. ........ ' 

...... . . . . . . . . 

MG 

64. i-lutusimapput -1.2~+ 0.2 . o. 4. 0.5 0.2 . o. 4 

63. . 1 .v vv 
_!- 1.sassaawuq 0.4 o .. 4 

62 •· n_!-luumasurtuq -0-.3. o·.3 • 
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4. 4. 4. Slope of long vowels (on a mo·ra basis) 

As opposed to the slopes of the short vowels, the slopes 

of long vowels seem to have rather fixed ~irections, depending 

on the mora positions of their occurrences in the word. See 

fig. 4-3. Generally, a long vowel of M2 and Ml (i.e. a long 

vowel which forms M2 and Ml) has a positive slope, that of 

M3 and M2 a negative slope, that of M4 and M3 a positive slope. 

But the slopes of long vowels forming MS and M4, and M6 and MS 

are not clear. This is due to the fact that the change of 

fundamental frequency is smaller in the positions of M6, MS, and 

M4J and that there are only a few examples in the material of 

this investigation. 

When there is a rise-fall or fall-rise during one mora 

portion of a long vowel, the slope is not significant, since 

the slope in this case is multidirectional. In fig. 4-3 and 

table 4-7 slopes which are not significant include both uni­

directional ones (i.e. either a rise or a fall) and multi­

directional ones (i.e. a rise-fall or a fall-rise). Notice 

here that the vowel mora in M3 position has a positive slope 

when it forms the second half of a long vowel, while it has a 

negative slope (though often not significantly negative) when 

it forms the first half of a long vowel. The vowel mora in 

M2 position has a negative slope when it forms the second half 

of a long vowel, while its slope is positive (though often not 

signific~ntly positive) when it forms the first half of a long 

vowel. 
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Fig. 4-3. 
Slopes of long vowels in the last four mora positions. 
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TABLE 4-7 

Slopes of long vowels in each mora position 

[Values shown are those of the slope l] 

(X = mean, s = standard deviation) 

('' •.. ": the pitch of the mora is multidirectional; 
"++" .at the upper right of the X value: both 
slopes 1 and 2 are significant; "+." in the same 
place: the slope 2 is significant.) 

RP. AS GT 
M2+Ml 

M2 Ml M2 Ml M2 -Ml 

anaa-waa X 2.7++ 3 .·a++ . . . 2.4++ 
s 0.7 0.7 0.4 

annaa-waa X 1.1+ 2.1++ . . . 3.a++ . . . 3.0++ 
s o.a o. 5 0.4 o. 3 • 

i-wiit X 1.0++ 3.a++ . . . 2.a++ 
s o. 4 o. 4 0.7 

a-m~q X . . . . . . 2.4++ 3.7++ . . . 3.4++ 
s 0. 6 0.5 0.2. 

am-maaq X 0.7++ 2.3++ 1.a++ 3.6++ o. 6++ 3.2++ 
s 0.5 o. 3 0.5 o. 4 0. 4 0.5 

aa-taa X . . . 2.8++ 1.3++ 3.a++ o.5++ 2.6++ 
s 0.8 o. 4 0.4 0.2 0.3 

t~q X . . . . . . 0.9++ 3.1++ 0. 9-P+ 3.2++ 
s o.s 0.5 0.4 0.2 

awa-t~q X . . . 1.9++ . . . 3.7++ . . . 3.5++ 
s o. 4 o. 4 o.s 

amma-qaaq X 1.3++ 3.6++ 1.1++ 3.3++ 
s o.s o.s 0.2 o. 9 

p~t X 1.0+ 3.3++ 1.0 4.0++ 1.a++ 2.s++ 
s 0.8 1.1 0.8 1.1 0.5 0.3 

aap-p~ X o.o 2.3++ 1.7++ 3.9++ o.a++ 3.1++ 
s 1.1 o.s 0.6 0.3 0.3 0.7 

quur-q~ X • • • . . . 1.6++ 3.7++ o.a++ 2.a++ 
s o. 4 0.5 0.2 o.s 



TABLE 4-7 

(continued·) 

• M3+M2· 

22. maa-na -
23. taa-niq -. 

19. kaa-taq 

18. tii-tit -
39. ki-sii-sa 

20. puuk-ka 

21. quur-qa 

60. • • V V V iisas-saa-
wuq 

63. ilisas-saa-
, wuq 

40. suk-kuu-tit -
41. kil-luu-tit 

.. 

30. maan-na -
31. m~n-niq 

32. m~r-niq 

x 
s 

X 
s 

X 
s 

X 
s 

X 
s 

-X 
s 

X 
s 

-X 
s 

-X 
s 

X 
s 

X 
s 

x 
s 

X 
s 

X 
s 
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• RP 

-M3. --M2 

-1.1.++ -0.4 

0.2 0.3 

-1.0++ -0.4 
o. 2 . 0.3 

-1.3++ -0.8+ 
0.5 o. 6 

-o. 9++ -1.2++ 
0.4 0.3 

-1.2++ -o.8++ 
0.3 o. 4 

-1.2++ -1.3++ 
0.5 0.7 

-o.8++ -1.0++ 
o. 3. 0. 4 

- -

- -
-1.0++ -0.6 

0.4 0.5 

-1.5++. -0.1++ 
0.3 0.2 

-0.3 -0.6 
0.4 0.5 

-0.1++ -o. g++ 
0-.2 0.3 

-0.3 -o.8++ 
o. 3 o.s 

• AS • GT 

--M3 .... · M2-- .. ... M3- M2 

. . . -1.3++ -o.o -o. 6++ 

0.3 0.4 0.1 

,-1_3++ ~o.8++ -0.4+ -o.5++ 
0.2 0.3 0.3 0.2 

. . . . . . -0.2 -1.2++ 
0.3 0.5 

-1.5++ -2.5++ -0.3 -1.2++ 

o. 6 0.5 o. 3 • 0.1 

-2.2++ -2.5++ -0.7 -1.4++ 
o. 6 0.4 0.5 0.3 

-1.3++ -3.4++ -0.1 -1.8++ 
0.7 0.7 0.2 0.2 

+ -1. 2 . -3.4++ -o. 5+-+ -1.3++ 
0.9 0.6 0.3 0.3 

- - -1. 6+-+ -o.5++ 
0.6 0.2 

- - -1.8++ -0.7 
0.2 0.4 

-
-2.1++ -1.5++ -1.1++ -1.6++ 

0.7 0.2 0.4 0.2 

-2.3++ -·1. 8++ -1.1+-f- -1.4++ 
0.4 0.3 o. 4 o. 4 

. ' 

o.8++ -1.8++ -0.2 -0.8 
o. 4. o. 6 0.2 . 0.8 

o.8++ -1.4++ 0.4++ -o. 9++ 
o.s 0.2 0.2 . o. 3. 

-0.3 -1.4++ -0.1 -o.5++ 
o.s 0.1 o. 4 0.1 



TABLE 4-7 

(continued) 

M4+M3 

34 .• ·aa-taa 

35 .• aap-paa 

• RP 

I .. M4 .... 

x 
s 

x o. 9++ 
s o.s 
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M3 .. 

. . . 

0.8 
0.8 

54. a-maa-liwik x o.s++ -0.1 -
38. n~-lagaq 

so. a-naa-waa 

57. an-naa-waa 

37. tuur-para 

36. q~r-qaa 

s 0.3 0.4 

X 
s 

X 1. 2++ 
s 0.6 

X 0.4 
s 0.4 

X 
s 

X 0.6 
s 0.8 

o. g++ 
0.5 

• AS 

M4- .... M3.: 

1.6++ 
0.6 

1.8++ 
0.4 

1.2++ 
0.5 

1.2++ 
0.2 

1.4++ 
0. 4 

1.1++ 
0.3 

o.a++ 
0.4 

1.7++ 
0.7 

1.7++ 
0. 6 

2.2++ 
0.6 

o.8++ 
0.2 

o. 7++ 
o. 3 

1.0++ 
0.7 

1.0++ 
0.7 

M5+M4 MS M4 MS.. .. -M4 

53. aa-maliwik X -0.8 -
62. na-luu­

masurtuq 

M6+M5 

60. 
, , V VV 
11-sassaa-- wuq 

s 0.7 

X 
s 

X 
s 

0.3 
o. 7 

1.2++ 0.9 
0.7 0.8 

1.4++ 
0.3 

1.3++ 
0.7 

·GT· . 

M4 

1.6++ 
0.1 

1.9++ 
0.3 

1. 2.++ 
0.2 

1.0++ 
0.2 

o. 7++ 
0. 3 / 

1.6++ 
o. 6 

MS 

0.4 
0.4 

M3 

o.8++ 
0.3 

2.2++ 
0.3 

o.s++ 
0.3 

2.0++ 
0.4 

-M4-

0.4++ 
0.2 

-M6 .. MS. 

o. 3++ 
0.2 

0.3++ 
0.2 
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5. Discussion 

In this section the question of syllable or mora 

basis will be taken up first. Then the nasal mora, the slope, 

and the difference of mean fundamental frequency will be con­

sidered, in that order. 

5. 1. Syllable o·r rnora bas•is 

The phrase-final intonation is not r~gulated on a syl­

lable basis. As for differences of mean fundamental frequency 
I 

thevassumption often works when the last syllable contains no 

long vowel, but once it has a long one, the situation is chao­

tic. That is, when the last syllable has a long vowel, the 

penultimate syllable {i.e~ S2) of a word often has the highest 

value of mean fundamental-frequency; thus the high-low-high 

relation is exactly the opposite of· the relation observed in 

words containing only short vowels. This is due to the fact 

that the syllable which contains the penultimate vowel mora 

{i.e. M2) tends to take the lowe.st value of mean fundamental 

frequency. A typical example is a three-syllable word, {50) 

a-naa-waa. For all three persons the penultimate syllable has 

the highest mean fundamental frequency in the word. 
The slope does not support the syllable basis theory, 

either. When both Sl and S2 have long vowels, both of them 

have a positive slope, and the vowel of S2 .often ends with a 

pit,ch higher than that of s1·. Examples are {34)· ·aa·-taa,· 

{35) aap-paa, and ·{36) guur-gaa.- Further, if the slope of the 

vowel is fixed according to the syllable· position, there can 

be no explanation of why S2 of the token {21) :·q~rqa has a 
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negative slope, while that of (36) q~rqaa has a positive slope. 

Consequently, the syllable is no useful candidate as tone 

base. So the following discussion will be concentrated on the 

mora basis. 

5.2. The role of the nasal mora 

No completely clear picture is seen concerning the role 

of the nasal mora in forming the phrase-final intonation pat-· 

tern. This fact may be partly due to the arbitrary assignment 

of two thirds of a long nasal as a mora nasal. But, dis­

regarding this source of uncertainty about the interpretation, 

acoustic results favour the assumption that a vowel mora and 

the following nasal mora forJU a single tone base. 

When the nasal mora is totally disregarded as part of 

the tone base, the relation between M3 and M2 becomes in­

consistent. In some cases the result is that the difference 

between M3 and M2 is not significant, and furthe~, there are 

a few samples (recordings) where _M2 is• hi.gher -than M3. This 

is observed in the following tokens of all three persons: 

(30) maanna, (31) maanniq, and (32) maarniq. It also holds 

true of GT's token (52) ikusimmi. In word tokens containing 

no nasal mora, M3 is always significantly higher than M2. 

If, instead, a nasal mora is counted as an independent 

tone base, the pattern is likewise obscured because th~ dif­

ference between a vowel occurri~g as M3 and a nasal occurring 

as M2 is very small (this seems to be due to the fact that both 

moras are low pitched). Moreover, the relationship between 

M4 and M3 in AS's and GT's tokens tends to be different in 

wo.rds with and without a nasal mora: in most tokens without 

a long nasal M4 is significantly lower than M3, whereas it is 
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significantly higher than M3 in most tokens with a long nasal. 

(RP has a general tendency to have a higher M4.) These find­

ings speak against the assumption of a separate nasal tone 

base. 

When a vowel mora and the following nasal mora are taken 

to form a compound tone base . the relations of pitch differ-
' ence between adjacent vowels are clear, and the results agree 

with the assumption on the phrase-final pitch pattern. M2 is 

lower than M3 and Ml. (The difference between M3 and M2 is not 

significant in RP's token (32) maarniq, but this lack of sig­

nificance seems to be caused by other factors than the exist­

ence of the nasal, see 5.3;) 

The slope of long vowels forming M3 and M2 (i.e. in 

(30) maanna, (31) maanniq, and (32) maarniq) is similar to ·that 

observed in (22) maana, and (23) taaniq. 

When we count /V+N/ .as one tone base, the numbers of 

tokens which agree with the assumption are as follows: 

RP ·As 'GT 

M2 < Ml 8/8 11/1.1 11/1.1 

M3 > M2 . 4/5. 8/8 . 8/8. · 

M4 < M3 0/1. 3/4. 4/4. 

MS (M4 0/1. 1/1. 1/1. 

Quite a few .tokens show .slopes· which are ·not found to 

be significantly different from zero. However, the· slopes of 

the vowels, especially those of the last thr'ee· vowel moras, 

are hardly quite arbitrary, altho~gh the 'direction of the 

~lope in a vowel mora consisting of a short vowel may differ 

from the first part of a lo~g vowel. 
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The phrase-final intonation should be distinguished from 

other patterns by a combination of high-low-high tones on the 

last three vowel moras, if the initial assumption is correct. 

In order to characterize the phrase-final intonation, the pen­

ultimate vowel mora should have a low tone., and the final 

vowel mora should have a high tone. When the vowel mora 

starts at a lower tone it will reach a high tone at the end. 

When a short-vowel mora starts at a high tone, it will not 

necessarily end with a still higher tone. Actually, it may 

fall a little, but the amount of fall should not be so_ great 

that it may be perceived as another intonation pattern. The 

penultimate vowel mora should have a low tone. When a short­

~owel mora in this position starts with a higher tone, it 

should have a falling tone and end with a lower tone. When_ 

it starts low, it will stay low or rise a little, but the rise 

must be small in order to avoid confusion with the h~gher 

tone of the final or antepenultimate vowel mora. 

When the last two vowel moras consist of a long vowel, 

the tone of the long segment should be rising, otherwise it 

will be perceived as other patterns. When M3 and M2 are formed 

by one long vowel, the tone of the long s~gment should be 

falling and be followed by a noticeable rise or a high tone 

of Ml, otherwise it will be perceived as other patterns. 

In the light of this presupposition, the slope of the 

vowel in each mora position will be discussed. It should now 

be possible to explain the interference on the fundamental 
frequency from various phonetic factors. Such interference may 

for instance be caused by ·vowel quality and quantity, consonant 

quality and quantity, stress, or the degree of assimilation 

present (especially regressive assimilation) in connection with 

open and close contact. Some of these influential factors may 

be of a universal character, and others may be specific to. 

Greenlandic. But notice that if it is true that the direction 
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of the slope is rather .fixed, this factor might be able to 

dominate to such ·a de~ree as to minimiz~ the influence from 

various phonetic factors. 

When all the influential factors mentioned above are 

taken into account, a normalization should_be possible. Un­

fortunately, however, th~ material of th~ pre~ent invest~ga­

tion is not suitable for such an attempt, since the material 

is too inhomogeneous. Thus, the following account is more 

like an informal speculation on the factors which may possibly 

influence the fundamental frequency of the vowel in a particu­

lar position. It should be remembered that the accuracy of 

measurement may be one of the factors which should· be taken 

into account. 

The problems concerning the slope of long vowels are 

less complicated ✓than those concerning short vowels, so this 

point will be taken up first. The slope of a long vowel seg­

ment in M2+Ml position will be positive. The slope of M2 

(i.e. the first half of the vowel) is not significantly dif­

ferent from zero in RP's words, and it is significantly posi­

tive in half of AS's and GT's words, while the slope of Ml 

(i.e. the second half of the vowel) is always significantly 

positive. This means that the tone stays low during the first 

half of the vowel and rises steeply during the second half of 

the vowel. A fall-rise is often observed in the first half. 

The slope of a long vowel forming M3 and M2 will be nega­
tive. In RP's words the fundamental frequency falls during the 

first half and falls again or stays low during the second half 

of the vowel. In AS's and GT's words the fundamental frequency 

falls all the way through the long vowel, or it stays rather 

high during the first half and falls steeply during the second 

half of the vowel. A delayed fall is often observed in GT's 

words. 
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Thus, the slo.pe of M3 ·of RP's wo.rds is s:i-gnificantly negative, 

while that of AS's and GT's·wo:rds is s:i-gnificantly negative 

only in half of the total set of tokens, and the slope of M2 

is sometimes not s~gnificantly n~gati.ve in RP's wo.rds, whereas 

it is significantly n~gative in the_ great ~ajority of AS's and 

GT's words. 

The slope of a long vowel forming M4 and M3 will be posi­

tive. In RP's words a rise is certainly observed, but the rise 

is small. In half of all cases it is true of both M4 and M3 

that they do not show significantly positive slopes. In AS's 

and GT's tokens, on the other hand, the tone movement during 

the long segment is either a simple rise or rise-and-stay-h:i-gh. 

Thus, the slope of M4 is significantly positive, but in some 

cases that of M3 is not significa_ntly d'ifferent from zero. 

The slope of a long vowel formi~g MS and M4 is not well­

defined, since the change is small, and the number of examples 

is limited. As for the word token (53) -aa-maliwik, which is 

the only word common to all three persons, there is either a 

rise or a rise-fall in RP's token, a rise or a rise-and-stay­

high in AS's token, and a small rise in GT's token. As for 

AS's (62) na-1~-masurtuq, the slope of the long vowel is posi­

tive. As for the slope of a long vowel forming M6+MS, the 

only word we have is GT's (60) ii-Sassaa-wuq. Here the slope 

of the long vowel is.positive, though the rise is small. 

Rischel 1 assumes that a long (homosyllabic) vowel tends 

to have less pitch inflection than a sequence of two. hetero­

syllabic vowels. Although the auditive pitch impression is 

not equal to acoustic fact, this tendency toward even pitch 

may be observed in the present material when a long vowel· 

occurs in the positions of M4 to M6. Long vowels of either 

M4 and M3 or M3 and M2 sometimes have a very small change, 

1) Personal communication (also mentioned in Rischel (1971)). 
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but they are .seldom quite .level. Since they take part in the 

contour .signalli~g phrase·--final intona.ti.on, they will exhibit 

some inflection. 

There may be some influence of surrounding consonants 

on the slope. If there is any, it may be ~f the same kind as 

observed in the short vowels. This will be taken up below .. 

The general outline of the slope of short vowels is as 

follows. Fig. 5-1,a,b,c shows the relation between duration 

and amount of fundamental frequency change of vowels in the 

last three moras classified according to whether the preceding 
l consonant is voiced, voiceless, or zero. Fig. 5-2,a,b shows 

the relation between the slope and the mean fundamental fre­

quency of the vowel. 

The slope of Ml is positive in the majority of cases. 

When a vowel of Ml has a positive slope there is a certain 

correlation between duration and amount of fundamental fre­

quency rise 1 When the preceding consonant is voiced, both 

slopes 1 and 2 are significantly positive, no matter whether 

the vowel occurs in an open or closed syllable. When the 

preceding consonant is voiceless, the situation is different. 

Of 23 tokens of RP's, none has a slope which is s~gnificantly 

positive. Two tokens (i.e. (45) iqqanar-puq, and (46) 

iqqarsar-p~q) hav,e significantly negative slopes. In AS's 

and GT's tokens there are some whose slopes are not signifi­

cantly different from zero. As a whole, the amount of change 

1) "Preceding" .and II following" consonants are not always the 
same as ·u initial" .and II f.inal" .consonants of the syllable. 
When a preceding consonant is short, it is the initial con­
sonant of the same syllable, but when it is long, i.e. ge­
minate, it is final in the preceding syllable as well as 
initial in the syllable in question. A "f.ollowing" .long 
consonant is final in the syllable and at the same time 
initial in the following syllable, and a "following" _short 
consonant is initial in the following syllable. • 
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Fig. 5-la. 

Intervals of duration and frequency between the beginning 
and the end of .a· short vowel in~ position. 
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Fig. 5-lb. 
Intervals of duration and frequency between the beginning 

and the .end of a short vowel in M2 position. 
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Fig. 5-lc. 
Intervals of duration and frequency between the beginning 

and the end of a short vowel in M3 position. 
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Fig. 5-2a. 
Slopes and me~n fundamental frequencies of short 

vowels in Ml position. 
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Fig. 5-2b. 
Slopes and mean fundamental frequencies of short 

vowels in M2 position (left column) and in 
M3 position (right column). 

(As for symbols, see 5-2a.) 
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is smaller. in vowels preceded by voiceless consonants than in 

vowels prededed bt voiced one~. But this does not necessarily 

mean that the mean fundamental frequency is lower in the former 

case than in the latter; it is rather the other way round. 

There are four tokens in which Ml consists of ·-tit 

([t.sit]) ,. i.e ... (18). tii'-tit, (26) iki•--~it,·· (40) killuu-tit, 

and (41) -sukkuu-tit. The slope of the vowel of Ml in this 

consonantal environment is not significantly different from 

zero in RP 1 s and AS's ·tokens except in AS's token (26), which 

has a significantly positive slope. (In GT's tokens the slope 

is significantly positive, though the value is small in most 

cases.) In this consonantal environment the vowel starts at 

a high frequency and does not rise any more, and sometimes a 

slight fall of the fundamental frequency is observed. This 

may be partly due to an error of measurement, but in_ general 

it seems to be an acoustic reality. See fig. 5-3. (By the way, 

the mean fundamental frequency of this "l.evel"-tone /-tit/ is 

the highest of all the vowels in this position.) 

The second case is that of a vowel preceded by a voice­

less geminate consonant. It seems true that the vowel of Ml 

starts at a higher frequency when preceded by a voiceless ge­

minate consonant. Thus the slope is positive only to a small 

degree. It should be mentioned, however, that in AS's tokens 

the slope is significantly positive when the vowel /a/ occurs 

after a voiceless geminate, while it is often not so for the 

vowel /u/ preceded by a voiceless geminate. RP's tokens (45) 

and (46) have significantly negative slopes, which seems to be 

mainly caused by a higher start, not by a lower termination of 

the vowel. 

The ·sl6pe of the vowel of M2 tends to be negative. Con­

trary to the tendency for Ml the slope of M2 .is significantly 

negative when the preceding consonant is voiceless, except in 

AS's tokens (37) tuur-p~-ra and (44) uqur-1~-ni. When the 
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Fig. 5-3.a. 
Narrow-band spectrograms with a frequency 

(traces from top to and mingograms 
curves, fundamental 
oscillogram). 
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Fig. 5-3b. 
Narrow-band spectrograms 

and mingograms (as for 

with a frequency 
traces, see Fig. 

expanded 
5-3a). 

Words: /tiitit/ and /ikitit/. Speaker: AS. 
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slope is not significantly different from zero the preceding 

consonant is voiced, or the· vowel is preced.ed by no. (initial) 

consonant and followed by a voiceless_ geminate (no initial con­

sonant in the ·case of two-syllable, two.-.(vowel) mora wo.rds). 

The tokens .(53) -aama-•li-wik, and (54) ·amaa-•li-wik spoken by - . -
RP and AS are the only ones in which· the slope is slightly 

positive. 

When all the tokens of three persons are pooled, there 

are 10 cases where the vowel of M2 is preceded by a short 

voiced consonant and followed by a short voiceless consonant,. 

and there are 12 cases where the vowel of M2 occurs between 

a short voiced consonant and a long voiceless consonant. In 

all, except one, of these 22 cases, the vowel of M2 has a sig­

nificantly negative slope. This may mean that the following 

consonant is not so influential as the preceding one upon 

the direction of the sl9pe. 

The results for the slope of M2 show that when the vowel 

of M2 starts higher, as it does after a voiceless consonant, 

the fundamental frequency of the vowel should be lowered in 

order to achieve a relatively low mean value. As the results 

show, the mean fundamental frequencies of vowels are not sig­

nificantly different, whether the slopes are significant or 

not. 

Whereas Ml and M2 show a rather clear tendency, the 

remaining moras do not. The first question is whether there 

is a fixed direction of the slope for the vowels from M3 to 

M6. M3 is the least promising one; there are too many tokens 
in whic~ the slope is not s~gnificantly different from zero. 

But a weak tendency for the slope to be n~gative is seen in 

RP's and AS's tokens, and a weak positive tendency is observed 

in GT's tokens. The token (42). a-w~-taaq is the only case in 

which the slope of M3 is significantly positive for all the 

three persons. This is the only one among RP's tokens in 

which the slope is positive, and it is the only one among AS's 
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tokens in whi.ch .the slope ·is significantly positive. No con­

sistent influence from surrounding consonants can be observed. 

The slope ·of M4 will be negative, ·_since there is no case 

where the slope is significantly positive, except for GT's 

(42)· a-wataaq, though the change here is small. The slopes of 

MS -and of MG· -are not clear, since the number of tokens is small 

and since the change becomes smaller. The influence from sur­

rounding consonants and the influence of stress will be_ greater 

here. 

Mohr (1971) says that in vowels spoken with an "intended" 

level pitch, 1 the following results were obtained: 

"After voiceless consonants, onset frequencies are 

sl~ghtly higher than offset frequencies. After voiced 

consonants, onset frequencies ~re more than 15 cps below 

offset frequencies, for eve syllables. For vcv se­

quences, onset frequencies are only about 5 cps lower 

than offset frequencies in the case of obstruents, and 

less than 2 cps lower in the case of liquids. 11 .(p. 7o-71) 

1) B. Mohr made a study of the (acoustic) intrinsic variations 
in F0 and the durations of vowels (/a i u/) and consonants 
(/pt kb d g f v 1 r? h/). Three speakers of different 
languages (a Chinese, a Russian, and a German) with II s_uf-
f icient experience in English" ,spoke "language-independent" 
nonsense eve syllables and VCV sequences. •11s.peaker~ were 
instructed to read the lists at normal speed and uniform 
pitch. All syllables were to have level and equal stress." 
(p. 67) 
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If these vowels with "intended" .level pitches are per­

ceived as level pitched, 1 our results will be as follows. 

A slight rise in fundamental frequency of the vowel of Ml 

after a voiceless consonant may correspond to an auditively 

more rising pitch, and a slightly falling fundamental fre­

quency may correspond to an auditively level pitch. A great 

rise in the vowel of Ml after a voiced consonant will be not 

so great auditively. In the case of the vowel of M2, a 

falling fundamental frequency after a voiceless consonant may 

not be auditively very noticeable, and the (almost) level 

frequency of a vowel after a voiced consonant may be perceived 

as falling pitch. But we have not carried out any perception 

test. The only thing we know is that the words of the present 

investigation sounded normal to the ears of the native speakers. 

1) It is not explicitly mentioned in Mohr whether the vowels 
.were perceived to be level pitched. But it is true that the 
author carried out a perception test using the same stimuli. 
The procedure of the test is not completely clear to me, but 
anyway, the author's concern is the distinction of "voiced" 
and "voiceless" categories of consonants and/or the "natural­
ness" of the pitch contour of the vowel after a certain 
consonant, but not the pitch perception of the vowel in a 
certain consonantal environment. We can interpret the re­
sults as follows. A vowel preceded by a voiceless consonant 
sounded "natural" if the vowel-had a (slight) falling contour, 
while a vowel preceded by a voiced consonant sounded natural 
if the vowel had a rising contour. (cf. Mohr, p. 85 ff.) 

As for the pitch change of the nasal consonant, the author 
says: "Kyungnyun Kim (1968) found that the average pitch 
level of nasals is lower than that of vowels, but that the 
pitch contour during. the nasal is rising" (p. 80). 
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In their .res·.earch on Swedish Accent .2, Erikson-Alster­

mark (1912) re~ort th~t if an acc~rited vow~l (~ith ·a falling 

fundamental fr·eq.uency) varies· in duration, the.-·value ·of the 

(negative)' slope ·is constant, and the· vowel truncation occurs 

at the firial part of the vow~l. Thtis, th~ shdrter the vowel 

is, the higher the ·F value ·at the end of the ·vowel. This is 
. 0 .. 

called the "t.runcation" _type, as against the "r.ate adjustment" 

type, by which.is meant that the value of frequency interval 

is constant without rega~d to the vowel duration. 

In our case, the vowel of Ml has generally a positive 

slope. If the direction of change is relevant, the vowel of 

Ml will be more like the nt.runcation" _type than the "r.ate 

adjustment" .type. The truncation occurs at the beginning of 

the vowel. Thus, if there is any difference of mean fundamen­

tal frequencies between the vowels after voiceless and voiced 

consonants, the values after a voiceless consonant are a 

little higher than those after a voiced consonant. But general­

ly there is no s~gnificant difference. This means that the 

longer duration of.the vowel after the voiced consonant is 

necessary to_ get a sufficiently high mean fundamental fre­

quency, no matter whether the lo~ger duration of the vowel is 

physiologically conditioned or not. 

Now we proceed to the question of the mean fundamental 

frequency. From the above discussion, it will be fairly clear 

that the fundamental frequency of the vowel may vary according 

to the particular consonantal environment .. In addition to this 

factor, the difference of mean fundamental f~equency values 

between adjacent vowel moras may vary according to the distri­

bution of short and long vowels in a word. Fig. 5-4,a,b,c 

shows the mean fundamental frequencies of adjacent vowel 

moras. Both absolute values and differences between adjacent 

vowel moras are often great when both of the moras are short 

vowels. This is especially true of short vowels in M2-Ml 

and M3-M2 positions. 
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Fig. 5-4a. 
Values of mean fundamental frequencies of two adjacent 

vowel moras. [The value of the vowel mora of M2 is 

on the x-axis, and that of Ml is on the y-axis.] 
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Fig. 5-4a. 
(continued) 
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Fig. 5-4b. 
Values of mean fundamental frequencies of two adjacent 

vowel moras. [The value of the vowel mora of M2 is 
on the x-axis, and that of M3 is on the y-axis.] 

(As for symbols, see Fig. 5-4a.) 
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150 150 

AS 

a) 130 13 

M2 M2 M2 
11 110 

110 130 150 Hz 1 0 130 150 Hz 130 150 Hz 

Hz t~ )( Hz r~ Hz 

)( t~ 130 130 130 

~ GT 

110 110 

M2 M2 M2 

90...------t----,~t---t-~Hz 
90 110 130 

g u-.---+-----+-.....--+-.....---
90 110 130Hz 

90-t--.---+---.----+--..-+--
90 110 130Hz 



RP 

90 

Fig. 5-4c. 
Values of mean fundamental frequencies of two adjacent 

vowel moras. [The value of the vowel mora of M4 is 
on the x-axis, and that of M3 is on the y-axis.] 

(As for symbols, see Fig. 5-4a.) 

Hz 

150 r~ 
130 

Ml. M4 
110 110 

110 130 150 Hz 110 130 150 Hz 

Hz r~ Hz t~ 
150 150 

AS 

130 130 

M4 Ml. 
110 no 

110 130 150 Hz 110 130 150 Hz 

Hz r~ Hz r~ 140 140 

GT 
120 120 

~ 

120 11.0 Hz 100 120 140Hz 
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Both ·absolute ·values· -of Ml and the· dif.ference between M2 and 

Ml are ·great when M2 is the· .second half of a lo!lg vowel and 

the ~ow~l of Ml ~s short .. On the other hand, both absolute 

values and the diffeience are smallei in M2-Ml position when 

the two vowel moras consist of a long vowel. 

Another· fact emerges from fig. 5-4, a ,b, c. Though th'e 

absolute ·values of the mean fundamental frequency vary among 

the words depending upon the vowe~ quality, the quality and 

duration of surrounding consonants, the differences of mean 

fundamental frequency values are rather constant among words 

which have the same distribution of short and long vowels. 

The relation between M4 and M3 is that M4 is_ generally 

lower than M3, but this is not true of three-syllable, four­

mora wo"rds of the type CV(C)-CW-CV(C) ,- if the consonants are 

voiceless. In RP's tokens (39) ki-si-i-sa and (40) suk,-ku­

u-tit M4 is significantly higher than M3; in the token (41) 

"ki1-·1u-u-tit of the same person and in AS's tokens (40) and 

(41), the difference between M4 and M3 is not significant. 

In the same tokens spoken by GT, M4 is significantly lower 

than·M3. It is different with his two six-mora words, i.e. 

( 60) • • v v v d ( 6 3) ' 1 • v v v ( h t k 11-sas-~-a-wuq, an 1 1-~-sa-a-wuq t ese o ens 

occur only in the material spoken by GT): M4 is significantly 

higher in the former, and it is either higher or lower in the 

l~tter. The vowel qualities of M4 and M3 are almost the 

same here. The choice of dividing a lo!lg vowel into two 

moras of equal length may not have been appropriate. It is 

very regrettable that the factor of duration was not taken up 

in this paper, and is completely left to be ·analysed. 

In words of AS and GT, except in the tokens above men­

tioned, M4 is always lower than M3 .• On the other hand, in 

RP' s tokens there al:(_e only 5 out .of 14 tokens in which M4 is 

significantly lower than M3; Thtis, it may b~ one of the· 
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characte.ristics of his wo:rds that .there .·is .no significant dif­

f er·ence· be:twee·n. M4 and M3. In hfs wO:rds the ·initial mora of 

the ·word is often comparatively ~igh--pitche·d. This fact may 

have some ~onnection·with ·stre~s.: 

As for the differences betwe·e·n MS and M4, and M6 and MS, 

a_ given mora will be lowe·r· than the following one, tho:ugh the 

difference is small. 

Almost all ·the way through we have been discussing the 

high-low relations between tone bases or moras, but we have 

only briefly touched upon the absolute values of the differ-
~ • 

ences. Since the measurements ought to be ~ormalized with 

respect to various factors the values shown in the tables in 

section 4. do not necessarily correspond to· the auditive 

distances between tone bases. As mentioned befo~e, the values 

of the differences between M2 and:Ml, and between M3 and M2 

are usually more than 20''· Hz and 10 Hz,·respectively. The 

values of the differences between tone bases from M3 to M6 

are smaller than those found between M2 and Ml and between 

M3 and M2. But all values vary according to the consonantal 

environment and the distribution of short and long vowels in 

the words. 

Summing up the above discussion, the slope is not as 

important as the mean fundamental frequency. A la~ge change 

in a short vowel will be required only if the furidamental fre-
1· 

quency starts higher or lower than the target me~n. 

1) If our speculation on possible consonant influence upon ad­
jacent vowels is right, the particular example of phrase­
final intonation iri Collis (1970) -will get, as he describes, 
a rise-fall-rise pattern. • 
Collis (1971, p. 142) shows pitch shapes of vowels in dif­
ferent segmental environments. It .seems that in this latter 
work Collis is inclined to say that the direction of pitch 
change depends upon the segmental environment. However, the 
pitch shapes sho'wn in the· wo:rk do not agree· ·with the· tenden­
cies of frequency change observed- in the material of the pre­
sent investigation. This discrepancy cannot be due to the 
fact that iri the present investigation only two points (i.e. 
beginning and end) are taken in~o account to measure the 
values of fundamental frequency .. 
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In the cases of :lon~ vowels, the diredtion~ of the slopes are 

rather fixed accordi~g to. th~ mora positions.· • M2 as part 

of a long vowel,· for example, has a positive ·slope ·when it is 

the first half bf a long vowel, and it has a negative slope 

when it is the sec"ond ha.lf of a long vowe·r. M3 as part of a 

long vowel has a positive ·slope when it ·is fo·rmed by the 

second half of~ long vowel, while it has a ne~ative slope 

when it is the first half of a long vowel. 

Fig. 5-5 shows schematic contours of various types of 

words which are found in the material of the present investi-

. gation. These contours were drawn on the basis of the re­

sults shown in the preceding sections. Since the ta~get fun­

damental frequency values of the vowel moras are supposed to 

be fixed accordi~g to the mora positions, the contours are 

supposed to be roughly the same within the words of one con­

tour type without regard to the length of the words. 

At present it cannot be decided whether it is the mean 

fundamental fre_quency or the fundamental frequency at the 

end of the ·vowel which is more important to the ·perception 

of intonation patterns. 

6. Final remarks - summary 

First of all, it should be emphasized that I have no 

illusion that the acoustic-phonetic results. must decide on 

phonological or functional matters. The purpose of the pre­

sent investigation ii merely to show,. as a very preliminary 
'-

research, a certain tendency observed in acoust~c-phonetic 
results. 
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Fig. 5-5. 
Schematic pitch contours of vowel moras in 

each mora position. 

Type 

(a) 

(b) 

(c) 

{d) 

(e) 

( f ) 

{ g) 

M6 MS M4 M3 M2 tll 

~ ·--
~ 

V -·v - V - V - V - V 

V 

V 

IV 

----.... 
V - IV VI - V - V 

- -------- V - V - IV VI - V 

- ~ 

V - V - IV VI 

----V - IV VI-IV VI 

-------- ----.... 
- IV VI- V - V - V 

- -----~ vj- V - Iv VI- V 

direction of slope 
not sure 

V; short vowel 
U: long vowel 
- : syllable boundary 

.Consonants disregarded 
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Though ·.ther·.e are many. :unsolved and uncle·ar points in the 

results of this: inves·tigation·, the argument .that tone ~.is re­

gulated not on a syllable basis btit w£th ·refeience ·to vowel 

rooras - is supported on various_ grourids. 

The phiase~firial intonation is signalled by a "high-low~ 

high" _pattern on the last three voweT moras, since a compari­

son of the mean fundamental frequencies shOws. that the second 

vowel mora from the end has a lower frequency than the first 

and the third in all the tokens of three speakers. (If we say 

that it is not the mean fundamental frequency but the funda­

mental frequency at the end of the vowel mora which signals 

the phrase-final intonation, we can at least say that M2 is 

lower than Ml.) Thus, the instrumental re~ults here agree 

with what Rischel's phonological analysis shows. The relations 

between the vowel moras from M3 to M6 are not so clear, which 

may be partly due to the fact that they do not contribute to 

characterize the phrase-final intonation, and partly due to 

the fact that the influences of surrounding consonants and 

stress (if any) will be comparatively great here, since the 

fixed movements are smaller. But it is quite probable that 

in the positions from M3 to M6, the precedi!l,g vowel mora is 

lower than the following one. 

With regard to the consonants, a voiceless consonant 

mora cannot be a tone base, though it may have a certain in­

fluence upon the pitch of adjacent vowels. A nasal mora can­

not be a tone base, either. But if the nasal mora is com­

pletely disregarded, the tonal pattern of words containing a 

long nasal does not fit well with the patterns of other words 

which do not contain a long nasal. The first (= syllable­

final) portion of a long nasal seems to form one compound tone 
base together with ·a precedi~g vowel_mora. 
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when Mr. Mase left for Japan. With his consent a final 
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revision has been made by the editors. 

There are some essential changes in the sections deal­

ing with Rischel's phonological analysis, to the extent that 

this presentation was based on "personal communication": the 

terminology in Rischel's analysis has been modified in accord­

ance with the most recent formalization (to appear in 

Rischel's forthcoming monograph on West Greenlandic phonology). 

These modifications do not affect the theoretical issues of 

Mr. Mase's paper. 




