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VARIATION IN INHERENT Fo LEVEL DIFFERENCES BETWEEN VOWELS
AS A FUNCTION OF POSITION IN THE UTTERANCE AND IN THE
STRESS GROUP

Niels Reinholt Petersen

Abstract: The inherent Fo level differences in the vowels u and a
were examined in a material which made it possible to vary
the position of the vowels in the utterance, keeping
their position in the stress group constant, and vice
versa. The main finding was that the inherent Fo level
differences were statistically significant in both stressed
and unstressed syllables throughout the material, but in
stressed vowels the differences were larger than in the
unstressed ones. The effect of position in the utterance
and stress group can be summarized as follows: In vowels
in stressed position the differences tend to decrease
through the utterance, in vowels in first posttonic po-
sition they (surprisingly) increase, and in second post-
tonic position they do not seem to vary systematically
with the position in the utterance. Apart from the dif-
ferences being larger in stressed than in unstressed syl-
lables, there seems to be no effect in the unstressed
vowels from their position in the stress group.

1. Introduction

The course of fundamental frequency in non-tonal languages
such as Danish may be described as the superposition of three si-
multaneous main components (apart from emotional factors): 1) a

sentence component, which conveys information about the utterance

as a whole (is it declarative, interrogative, continuative?),

2) a stress group component, and 3) a segmental component, which

is specified by the segments of the utterance.
The sentence and stress group components are mainly language
specific (an analysis of these components in Advanced Standard

Copenhagen Danish is reported in Thorsen, 1978 and 1979a). The
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segmentally determined Fo variation, on the other hand, is assumed
to be universall and to be a consequence of physiological, aero-
dynamic and (possibly) acoustical factors in the production of
speech (see, e.g., Ohala (1978) and Reinholt Petersen (1978)).

One of the segmental factors influencing fundamental frequency
is vowel height. There seems to be a universal tendency for Fo to
be higher in high vowels than in low vowels, other things being
equal. This phenomenon, which has been termed inherent Fo, in-
trinsic Fo, vowel specific Fo, has been shown to exist in a number
of languages, e.g. English (Peterson and Barney, 1952, Lehiste and
Peterson, 1961), French (Di Cristo and Chafcouloff, 1977), German
(Neweklowsky, 1975), Swedish (Lofgvist, 1975), Danish (Reinholt
Petersen, 1978), Yoruba (Hombert, 1976), and other West African
languages (Ladefoged, 1964). (A summary of the literature is
given in Hirst, Di Cristo and Nishinuma, 1979.)

The majority of these experiments, however, employed ‘stressed
vowels in words embedded in short carrier phrases, and have thus
investigated a rather limited subset of the contexts where inherent
Fo level differences may play a role in speech.

Reinholt Petersen (1978) used a test material which permitted
inherent Fo to be considered in both stressed and unstressed syl-
lables. In that material, vowels were inserted in nonsense words
of the structure CV'CV:CV in the carrier phrase "Stavelserne i

forkortes" ('The syllables of are shortened'). For
technical reasons no measurements were made of Fo in the unstressed
vowels, but tracings of the Fo curves showed a clear tendency
towards smaller differences between i/u vs. o in unstressed than
in stressed vowels.

The purpose of the experiments reported below was to investi-
gate the inherent Fo level variation under more varied conditions.
The questions to be considered were the following: Do we find sig-
nificant Fo level variation in unstressed as well as in stressed

syllables, and can the magnitude of the variation be shown to be

1) This applies to non-tonal languages. In Yoruba, a tonal lan-
guage, Hombert (1976) has found a tendency to actively mini-
mize the effect of preceding consonants on Fo in vowels.
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related to (a) position in the utterance, and (b) position in the
stress group (the stress group being defined as a stressed syllable
plus the following unstressed syllables up to the next stressed
one, irrespective of intervening word or morpheme boundaries, or
to the end of the utterance)?

The focusing upon the stress group as a frame of reference in
the investigation was due to the fact that the stress group seems
to be a basic unit in the description of intonation in Advanced
Standard Copenhagen Danish (cf. Thorsen, 1978) and also in the de-
scription of variation of vowel duration (Peter Holtse, personal

communication) .

2. Method

2.1 Material

The test vowels chosen were u and o, embedded in nonsense
words of the type mVmVmV, because these vowels have been shown
(Reinholt Petersen, 1978) to have the largest inherent Fo differ-
influence on Fo of the vowels.
The test words appeared in three different versions, viz.
and third syllable, respec-

ences, and m should have a negligible
with the stress on the first, second,
tively, and each version was placed initially, medially, and
Thus,

the following 18 test sentences:l

finally in a carrier sentence. the material consisted of

1 I 'mumumu muteres em'erne

2 I mu'mumu muteres em'erne (In the m's are mutated)
3 I mumu'mu muteres em'erne

4 Em'erne i 'mumumu muteres

5 Em'erne i mu'mumu muteres (The m's in are mutated)
6 Em'erne i mumu'mu muteres

7 Em'erne muteres i 'mumumu

8 Em'erne muteres i mu'mumu (The m's are mutated in )
9 Em'erne muteres i mumu'mu

10 I 'marmarmar markeres em'erne

11 I mar'marmar markeres em'erne (In the m's are marked)
12 I marmar 'mar markeres em'erne

1)

Note that the orthographic sequence ar is pronounced [a].
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13 Em'erne i 'marmarmar markeres
14 Em'erne i mar'marmar markeres (The m's in __ are marked)
15 Em'erne i marmar'mar markeres

16 Em'erne markeres i 'marmarmar
17 Em'erne markeres i mar'marmar (The m's are marked in _)
18 Em'erne markeres i marmar 'mar

The relevant syllables are underlined. Note that the word immedi-
ately following the testword varies with the testword: muteres
after u-words and markeres after a-words. This made it possible
to include the first syllable of these words in the test material
and thus expand it without having extremely long nonsense words.
On the other hand, the segmental structure of these syllables was
different from that of the nonsense words, and - what might pos-
sibly be more serious - they differed among themselves: u was
followed by t and a by k.

It was not clear to what extent the different segmental con-
ditions in the material might be expected to affect the fundamental

frequency of the vowels and particularly the Fo difference between

u and o in the first syllables of muteres and markeres in compari-
son with the Fo differences in the nonsense words. From Johansson
(1976) it appears that voiceless stops give rise to a higher Fo in
the preceding vowel than do nasal consonants (Johansson does not
specify the point of measurement in the vowel). On the other hand,
Lehiste and Peterson (1961) and Jeel (1975) found no sucH effect.
To my knowledge, an interaction between vowel height and following
consonant, particularly with regard to its place of articulation,
that would influence the magnitude of the inherent differences be-
tween vowels, has never been attested.

In an attempt to clarify these matters under conditions com-
parable to those of the present investigation, a small, supple-
mentary experiment was conducted, the details of which are given
in Appendix I. In that experiment no significant effect on
Fo in u and a from the following consonant (m, t, k) could be shown.
Nor was there any significant interaction between t and k and pre-
ceding u and a. On this basis it was considered justified to in-
clude the first syllable of the words muteres and markeres in the

test material.




2.2 Recordings, subjects

The 18 test sentences were combined with 9 distractor sen-
tences in 10 different random orders in a reading list. The list
was read once by each subject. The recordings took place in a
sound treated room at the Institute, using a Sennheiser MD21
microphone and a REVOX A77 tape recorder. The subjects were in-
structed to read the sentences with a neutral, declarative intona-
tion and to use a speaking rate natural to them. There were four
speakers: three female (ER, SI, and KM) and one male (NR, the
author), all phoneticians and all speakers of Advanced Standard

Copenhagen Danish.

2.3 Registrations and measurements

The apparatus used for registration was a REVOX A77 tape re-
corder, an intensity meter, and a fundamental frequency extractor
(both F-J Electronics), and a Mingograph (Elema 800). The follow-
ing acoustic registrations were made: duplex oscillogram, linear
HiFi intensity curve (integration time 2.5 ms), logarithmic HP-
filtered (500 Hz) intensity curve (integration time 5 ms), funda-
mental frequency curve.

The duplex oscillogram and the intensity curves were used for
segmentation. The accuracy of segmentation was +0.5 cs. With
regard to the Fo measurements, it proved impossible to establish
a point of measurement which was defined on the basis of the Fo
curve itself (e.g. Fo minimum or Fo maximum) and which could be
used consistently throughout the material. Therefore, Fo was
measured at the middle of the test vowels. This point has the
advantage of being easily determined from the duplex oscillogram
and intensity curves, and it is appropriate in the sense‘that the
midpoint Fo measure yields a reasonably accurate description of
the Fo movement in the testwords. This is illustrated in fig.

1, where actual Fo curves are compared with curves interpolated
between the midpoint Fo values. The maximum difference between
the curves is about 3 Hz for subject NR and 7 Hz for subject KM,
i.e. about 3 per cent. A few samples had to be dismissed for
various reasons, but altogether 2537 Fo measurements were obtained
out of 2640 possible (4 subjects x 10 repetitions x (12 sentences

X 4 vowels + 6 sentences x 3 vowels)).
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Figure 1

Examples of actual Fo curves (full lines) and curves
interpolated between the Fo values measured at the
middle of the vowels (broken line). The short vertical
lines in the curves indicate the points of measurement.
Subject NR (top) and subject KM (bottom) .
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3. Results

Mean fundamental frequencies and standard deviations for all
vowels in the test material are tabulated for the four speakers
in tables 1 to 4, and the means are shown graphically in figs. 2
to 5. Furthermore, the means obtained for each subject were con-
verted into a relative measure, viz. the deviation in semitones
from that subject's stressed a in sentence 10 (i.e. the a-sentence
in which the test word occurs in initial position and is stressed
on the first syllable). Fig. 6 shows the means over all subjects
expressed in semitones.

It appears that the Fo measures obtained in the present ex-
periment are in good agreement with what should be expected from
Thorsen's (1978) model for the Fo course in declarative sentences
in Advanced Standard Copenhagen Danish (part of Thorsen's model is
shown in fig. 7). Furthermore, it is clear that the magnitude of
the Fo variation determined by the stress groups decreases through
the utterance, also when expressed in semitones, i.e. the decrease
of the absolute variation through the utterance as shown in figs.
2 to 5 does not correspond to a constant relative variation (see
also Thorsen, 1979Db).

3.1 Inherent Fo variation

Tables 5 to 8 enumerate the mean Fo differences between u and
a. The statistical significance of the differences was tested by
a series of t-tests. The levels of significance achieved are given
in the tables.

In stressed syllables the differences between u and a were
significant at a very high level (p < 0.001) in all cases except
one, namely in utterance final position for subject NR; here the
difference was significant at the 1 per cent level.

In unstressed syllables the differences were slightly less
clear, but still a level of significance of 5 per cent or better
was achieved in 85 out of 96 cases (i.e. 24 unstressed vowels x
4 speakers). The fundamental frequency of a was in no case higher
than that of u.

From tables 5 to 8 and figs. 2 to 5 it appears that the mag-

nitude of the differences between the Fo of u and o is correlated
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Table 1

Means and standard deviations (in Hz), arranged in accordance with
the structure of the material (see the list in section 2.1 above).
The stress groups are delimited by vertical lines. Subject ER.

utterance position

1 2 3 4 5 6 7 8 9 1o .
i |296.8 369.7 310.8 285.6/ Cis o % A
) 11.09 17.62 14.63 14.75 % = 2
s {28859 351.8 277.4 252.3| . e e o
o 20.78 19.59 20.71 14.41 2
. 249.7|269.6 338.5 284.3 :
u L doy63ki%,81 12.42 16.15] T b B o pe
298 .3} 237:9-323.8.271.5 2
a o8 Halas.ob 30,36 9.66] °° i N ne
. 254.5 244.6|309.6 327.1 :
- LR R A 17 18, oo | TR IRERIGUBM G ER e
z i 231.6 2220125203037 ke o st Pt b
9.58 8.79[/15.10 26.22 e
13y ;| 26708 3134207 BnBI 26T Tae < L
% s e 1 115.51 19.14 10.78 14.26
: 225.1 28442:237.3 23003
g “lgeml. . ex.. ine 1 |"4748 12.45 11.97 8.90| X res
260.8(269.3 313.3 278.4
u em' er  ne 1 11.51|14.38 12.60 14.67] *© res
: 240.1|215.3 277.7 254.0
G = o he 1 39.72| 8.78 12.75 12.90] ¥© BEs
A 262.0 245.3|282.4 300.7| =
Y e eF e T Ar11.17 .9.33140.05 17, 8%
244.1 224.2|238.9 281.0
. em' er ne i 13.76 12.08|13.85 9.85| K€ i
1 2 i s ds P i 222.3 240.) 207.8
4 $2.3) A3.06  7.40
. - ] o Lo P YOS 193,
2 i e o 9.1l T4%  Bad
¢ e e i 246.5 g1454.222.0
Y e &5 He g 16.86| 6.54 9.67
. , B . § 229.7/187.4 205.3
o o 1a s 18.74| 5.72 8.34
; 2 s L T I e
u em er ne mu e res 1 13.15 15.19 7.42
; i g ;  229.0 216.2/184.5
& em b ne Har " £ 13.03 13.75| 6.00
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Table 2

Means and standard deviations (in Hz), arranged in accordance with
the structure of the material (see the list in section 2.1 above).
The stress groups are delimited by vertical lines. Subject SI.

utterance position
1 - 3 4 = 6 7 8 9 lo

i i 285.0 326.4 282.1 259.8 e a2 p i 0¥
lo.72 13.88 12.60 9.40
sl I SR e [y o
i P R e st Te | en s
o 4 N7 Tahs Telay e we | e e
o ol 1t et e [ 42 0 Tue
sl b S g il el | e e
T Ser e LTS W0 a 7o alhe) b ek
o, W pb o ner 4 e iBs T olinke e
o” JE et ne: LT COMAlIEGE 6ior Teula| B o ees
o M Tmp ey o4t g0l eidsialie 1htiel e o met
o TeR L epe e L G0 Thbe] 6ide TooL, > e
o lem er ope 1 3754 T51e7|%4lje Tolta| ke  wes
Tr SRR R R SR Ve
L A R RS e
R R e i
Gl o oo, mer | We  pen g il 9Toe T
el Der ome: S e oed Tl SCHSTE O
o _Jem er me omar| ke wes + “55 %3755 %%ise
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Table 3

Means and standard deviations (in Hz), arranged in accordance with
the structure of the material (see the list in section 2.1 above).
The stress groups are delimited by vertical lines. Subject KM.

utterance position
i 2 3 4 5 6 7 8 9 lo

. 1198.6 230.8 206.7:191.7 .
. ;. 8.30 09,1918 8e’ ~gofq| te g 9 B R o
182.0 223.8 198.8 185.0 .
& 1 6.57 9,75 .-5e@3 " 3¢ Ke. W Xeeilem'' ‘er ne
) ; 187.5]|196.8 228.0 204.5| . _ R S -
59131 60%2  #767 4.77
175.31176:1 1286.4 201.0 .
s & 4.22| 3.96. 8.54 6.94] ke res' | e ek ne
CEE jganyestBlnay £ D146
4 4 4.86 ~5%g] $°62- 9.13] -+ res | em' er e
191.6 169.01383.5 268, 7 ;
by i 493 30%3| Y6 8,98 K& [ Fes | em el e
. - 118846 2120 193.3.182.8
Unis e o - o ne i 4.72 ~6.008e62 . 2934 O res
; 173.0 200:3.185:4 3778
& HART L e 08 i 4.78 1 4.47. 6.47. 4:73] ke §an
187.7| 186+5 209.1 193,4
WELpem: TaR- (S hE 15833 6.22 6tdo TJebil e res
i g, 4 ; 178.2|166.9 197.3 184.6| , e
6.25] 5.32 10i23 6iflo
o e S , 184.9 178.0(192.4 204.3| __ =
4:31 ,4,38] 6:33 4%
ot 9 €372 16857{076.6 1990k i
4.08 4.08| 5.58 6.41
. |179.2 185.9 179.0
u em' er ne mu te res i GoAR TFi0e . 660
Q em' er ne mar ke res i e i R SR L
&783 6353 5580
i llene. R ‘o o . 184.0[172.0 187.6
7.45| 3.16  4.24
e R me g s
Q em' er ne mar ke res 3. 5.78| 2.70 4.81
S TR s B kb i VEGE L. T| 1725
3.57 3.83| 4,84
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Table 4

Means and standard deviations (in Hz), arranged in accordance with
the structure of the material (see the list in section 2.1 above).
Subject NR.

The stress groups are delimited by vertical lines.

utterance position

1 2 3 B 5 6 7 8 9 lo
o 1 1M9N8 1507 052 TSl e xes |em' e me
gopn | LTI Sl Loy | eatier e
ot Pl R [ e e e
gl e i B e e o/
i i 93.0 92.0|l103.5 125.4 i i aicd b o

1.63 '1.70| 2.92 74,01
v i 87.1 86.2| 93.4 121.0 Ko R ek P =
3.35 2.57] 2.76 4.40

o femt er me u M90S Tals 'Slis| te e
o lem' er me i | 3175379008 a.32 4.pe ke  wes
o femt er me 1 51 0%5 Talic ales| te  wes
o fem' er me i 1753|1164 3037 3.e7| ke xes
o fem' er me i Ghg 3NTaiio .o te TeS
o _lem' er me i 5065 3.00| avkz 3eey| ke  wes
u em' er ne mu te res i g?i; g?&; 2%ig
a em' er ne mar ke res d. g?ég ??ég ??52
u em' er ne mu te res . 3 g?éé g?ég g?ég
Q em' er ne mar ke res i g?ég Z?ég g?ég
u em' er ne mu te res i g?éé g?é; g?ég
Q em' er ne mar ke res i Z}%g g?éé g?ég
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Figure 2

Mean fundamental frequencies (in Hz) in the test words.
The data-points belonging to the same word are connec-
ted by straight lines. The left, middle, and right
graphs display words with the stress on the first, sec-
ond, and third syllables, respectively. Large circles
represent stressed and small circles unstressed syl-
lables. u is indicated by open and a by filled cir-
les. Subject ER.
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Figure 3

Mean fundamental frequencies (in Hz) in the test words.
Subject SI. See further legend to figure 2.
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Figure 4

Mean fundamental frequencies (in Hz) in the test words.
Subject KM. See further legend to figure 2.
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Elgure 5

Mean fundamental frequencies (in Hz) in the test words.
Subject NR. See further legend to figure 2.
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Figure 6

Mean Fo (in semitones) in the test words. All subjects
pooled. See further legend to figure 2.

OO

Figure 7

Part of Thorsen's (1978) model for the Fo course in
short declarative sentences in Advanced Standard Copen-
hagen Danish. Filled circles indicate stressed and
open circles indicate unstressed syllables.
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Tables

5-~6

Inherent differences (in Hz) between u and o and the levels of
significance achieved, arranged in accordance with the structure
of the material (see the list in section 2.1 above).

+++:

p<o.ool,

Y+: p<o;ol, +: p<0.05, and o: p>0.05. Subjects ER (top) and SI
bottom) .
utterance position
s 2 3 4 5 6 i 8 9 lo
G/ AT TR 333 332 |t ' :
i +++ o ++ - ke res em exr ne
i 21541894 . 145 «3278 1= .
* +++ 4+ o + ke res em exr ne
i 2.9 BRLb 15108 - 23:4 te +ay A ke e
+++ ++ +4+ o) k
42.7 29,071 3552 869 t
' » - . . .
" A NS 3 $44 b "R e A K b
x4 A - 20.7 {54.0 35,6 244t e
pe ¥ + | 4+ +H+ 4+ |k
i oo e i 17«9 .21 elnd37e5" a8y te o
++ +++ b Es k
\ u t 29567 2204 14.7
s &% e Mar x° ¥os . Lot e b
Y S o B ;R RENeT 0 1647
e ar | k % + |t 4+
- u |t B e SR T
er ne mar ke res i 5 o +++
utterance position
1 2 3 4 5 6 74 8 9 lo
N 42,2287 31,8 8.3 | t e £ £ e
+++ ot + - k
{ 20.8139.1° 19.0 2.8 t .
.t e e + s k° s ¥ o % g
. o6, ~12.5:.1126,9 104 T :
& ++ ++ R o ke res em exr ne
aih — i 3 33;3 14.2 8.2 8.2 ie o
Yo.4 sR29%28 190 e t
; "
e = e + I T o i k¥ 2
157 8 - 16508 265 3 8.6 g ok
i 2
el oo Lo * +++ A | T iy
' u ;o S 3 RN2E 120555 5.4
em er ne mar ke e % o
' u t . 6% 38152340 9.0
em er ne mar ke res ‘71 o 4+ o
i u t ¥1.9 V185761 20.7
SR =¥ e Mar k® ES +++ +++ +++
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Tables 7-8

Inherent differences (in Hz) between u and a and the levels of
significance achieved, arranged in accordance with the structure

of the material (see the list in section 2.1 above). +++: p<o.oo0l,
++: p<o.0l, +: p<0.05, and o: p>0.05. Subjects KM (top) and NR
(bottom) .
utterance position
1 2 3 4 v 6 7 8 9 1o
N 16.6 10 1:9 6.7 t "
L Pt o ++ & ke res em er ne
i 12.3 0577116 345 te 12 A ol A2 ol
+++ +++ ++ o k
) lo.8 7.8 |16.6 5.9 & '
i bl e P2 & K& res em er ne
i ; 1558 kL 7.9 4.7 t
em er ne i e, Lol 5 + K res
. X : 9S-FEP.6  11.8 8.8 te ks
= % B o ++ | 444 ++ + | k
e e i T2:4 "l sl 5.0 Se3 L ke
X e TR e + | k
em’ A N u tg S i 14,2~ 19.7 6.9
3 MRar k 4+ +4++ +
ey e il o tg Can i lo.6 [14.2 173
ar k + +++ +++
em' er ne m" te res i 63 P 3 s
ar k +4++ +++ +++
utterance position
: 1 2 3 4 5 6 7 8 9 1o
i 13.5 7.4 g% TR R T to e s e o
+++ +++ +++ +++ k
. 6.4 |12.3 6.5 4.2 t y
1 okt 4 ++ + ke res em exr e
i 5.9 58 - 110.% 4.4 ty e it hid Eh
+++ +++ +++ + k
! i 13,2 7.4 6.8 9.9 %o Saa
& P it +++ + ++ |k
am ! e . i 5.8 |12.0 Tk P ] te T
. +++ +++ +++ o) k
- . 9.1 -lo.,o#1l.6 8.4
2 er . * T e e - o Wit
-y o " u te - { 6.4 749 6.1
S Mar k * +++ +++ +++
it S - o te s i 8.7 [lo.8 8.0
ar k ++ +++ +++
. u t ; S 4.2 5.6
em er ne m, K€ res i et 5 .
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with the over-all Fo level of the speaker. Therefore, the abso-
lute differences were converted into relative ones, so the differ-
ence between a given u and corresponding o was expressed in semi-
tones relative to the a. Note, however, that subject ER's inherent
differences are somewhat larger than those of SI, although the

two speakers have approximately same over-all Fo levels. In this
connection it is also worth noticing that the range of Fo deflec-
tion in the stress group and intonation contour is larger with ER
than with SI. This is interesting, since it could be indicative
of a tendency towards agreement between suprasegmental and seg-
mental factors with regard to the magnitude of the Fo variation

they give rise to.

3.1.1 Inherent Fo differences in relation to position

in the utterance

The material was structured in such a manner that the Fo dif-
ferences between u and o could be examined in different positions
in the utterance while position in the stress group was kept con-
stant. This is illustrated in table 9 which also shows the part
of the material considered in the present section.

In fig. 8 the inherent Fo differences, expressed in semitones,
are plotted as a function of the position in the utterance in
stressed, first posttonic, and second posttonic syllables, re-
spectively. (The third, fourth, and fifth posttonic syllables
were left out, because they occurred only in few and unevenly
distributed positions in the utterance - cf. table 9). The straight
lines in fig. 8 are regression lines fitted to the data points of
all speakers pooled using the least squares method.

In the stressed vowels there is a statistically significant
negative correlation between the inherent differences (expressed
in semitones) and the position in the utterance. The slope of
the regression line is =-0.09 and the correlation coefficient
-0.367 (p < 0.05, N=36).

In vowels in the first posttonic syllable the opposite ten-
dency seems to apply, i.e. there is a positive correlation between
the differences and the position in the utterance. The slope of
the regression line is +0.072 and the correlation coefficient
0.406 (p < 0.02, N=32).
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Table 9

Schematic description of the test material. The columns
correspond to the utterance positions, and each of the
rows represent two sentences with identical stress pat-
terns (one u- and one a-sentence). The testwords are
underlined, and the stress patterns are given by numerals,
0 being the stressed syllable, 1 the first posttonic, 2
the second posttonic, etc. The syllables considered in
the present section are enclosed in rectangles.

Word No. Utterance position
S s TR il W A N N -

ot 4
w18
- 13
14
w15
w18
S I

W00 Sy ON DT Ll 0D N e
I

In vowels in the second posttonic position the inherent Fo
differences are also increasing through the utterance, although
to a much lesser degree than in the first posttonic position.

The slope of the regression line is +0.004 and the correlation
could not be shown to be statistically significant, r = 0.015
(p > 0.05, N=20).

Thus, it seems reasonable to conclude that in stressed posi-
tion the inherent Fo differences decrease slightly through the
utterance, in first posttonic syllables they increase slightly,
and in the second posttonic position they are constant (constant

in the sense that the variation cannot be accounted for by the

position in the utterance).

3.1.2 Inherent Fo differences in relation to position in

the stress group

The structure of the material made it possible to examine

the inherent Fo differences in different positions in the stress

—+
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Figure 8

Inherent Fo differences (in semitones) as a function
of position in the utterance in stressed (left), first
posttonic (middle), and second posttonic (right) syl-
lables. The straight lines are regression lines fit-
ted to the data points of all subjects pooled.
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group, keeping the position in the utterance constant. This is
shown in table 10 from which it can also be seen that the num-

ber of different stress group positions represented in each utter-
ance position differs between utterance positions; in utterance
position 4, for example, stress group positions 0, 1, and 2 (i.e.
stressed syllable and the first and second posttonic syllables)
are represented, while e.g. in position 5 in the utterance the

stress group positions 0 through 4 are represented.

Table 10

Schematic description of the test material. The columns
correspond to the utterance positions, and each of the
rows represents two sentences with identical stress pat-
terns (one u- and one a-sentence). The testwords are
underlined, and the stress patterns are given by numer-
als, 0 being the stressed syllable, 1 the first post-
tonic, 2 the second posttonic, etc. The syllables con-
sidered in the present section are enclosed in rectangles.

Word No. Utterance position
T B g 7 g Sk A
Fos 10 | ~ o 1tkBIEl o 1 ot 2
2w .11 = o oSSt o Y 00T 2
37 10 ERSHOTRE 7 BN S
§-~"13 o 1.2 @dolhilBltal o 21
5 ~.14 o .1 2+ 3 tabdel Lil 12k 0 3
g5 15 0. 1 2 3 ‘4. gsileb il 0 1
16 0:°1 72 3 0.1 2 i te
§ - ¥ 0. Lbd bk o Eaabeolli
&L 18 ol 1Ty gt a i o

In fig. 9 the relative inherent Fo differences are plotted
as a function of their position in the stress group in each of
the utterance positions examined. Although the variation between
subjects is considerable, the general tendéncy (although not en-
tirely consistent) seems to be that the differences are reduced
as a function of the position in the stress group up to and in-
cluding the second posttonic position. From that point the dif-
ferences seem to increase, as judged from the utterance positions
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Figure 9

Inherent Fo (in semitones) as a function of the posi-
tion in the stress group in utterance position 3
through 10. Position o in the stress group indicates
the stressed syllable, and 1 through 5 indicate the
first through fifth posttonic syllables. The upper
graph shows the data for the individual subjects,

and the lower shows the averages over all subjects.
Note that the third posttonic syllable in utterance
position 8 is represented by two data points. This
is due to the fact that this syllable occurred twice
under equivalent conditions (see table 10). In the
graphs the lines connecting the data points end at
the mean of the two data points.
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in which the stress group positions later than the second post-
tonic position are represented (viz. positions 5, 6, 8, and 9 in
the utterance).

It must be kept in mind, however, that the effect of the
stress group position is to some extent blurred by the influence
from position in the utterance. Fig. 9 shows that the difference
in inherent Fo between the stressed syllable and the first post-
tonic syllable is reduced through the utterance, and that the re-
lation between those syllables and the others is also changed
through the utterance (cf. section 3.1.1 above).

In an attempt to normalize for the utterance position effect
the mean inherent differences (fig. 9, lower graph) in stress
group positions 0 and 1 were converted to deviations from the re-
gression lines describing the utterance position effect (cf. sec-
tien: 3.1 vand £iqg; 8), The data of stress group positions 2, 3,
4, and 5 were not normalized, since the utterance position effect
was assumed to be negligible in stress group position 2 and, sup-
posedly, this was also the case in positions 3, 4, and 5. In or-
der to obtain the correct relations between the stressed syllable
and the first posttonic one, and between those syllables and the
remaining ones, the difference in the middle of the utterance
(i.e. in the imaginary position 5.5) computed from the regression
lines was added to the deviation found in the stressed and first
posttonic syllables. The normalized inherent differences in each
stress group position were then averaged over all utterance posi-
tions. The normalized and averaged differences are plotted in
fig. 10. The tendency towards decreasing/increasing inherent Fo
differences through the stress group is also apparent in the nor-
malized data, but it must be pointed out that the increase is re-
presented by the data points corresponding to the third and the
fifth posttonic syllables, which have been determined under the
assumption of constant inherent differences through the utterance
(cf. section 3.1.1 above). Furthermore, the fifth posttonic syl-
lable occurs only once in the material, namely in position 6 in
the utterance. 1In view of this, it may perhaps be too rash to
maintain that the inherent Fo differences show a decreasing/in-
creasing tendency through the stress group. On the contrary, it
may not be unreasonable to suggest that in the unstressed syl-
lables the magnitude of the inherent Fo differences is constant

through the stress group.
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Figure 10

Normalized and averaged inherent differences (in
semitones) plotted as a function of position
in the stress group.
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4, Discussion

As regards the fundamental frequency contributions from the
sentence- and stress group components, the results obtained in
the present experiment are in good agreement with those of pre-
vious investigations of the intonation of Advanced Standard Copen-
hagen Danish (Thorsen, 1978).

The specific purpose of the experiment reported above was to
examine the effect upon the inherent Fo differences in vowels of
suprasegmental factors such as stress conditions (stress vs. non-
stress), and position of the vowels in the utterance and the
stress group in declarative sentences. The result which emerges
most clearly is that the inherent Fo differences between u and a
are greater in stressed than in unstressed vowels, but also that
under both conditions of stress the differences are statistically
significant regardless of the position in utterance or stress
group. The differences found in stressed vowels in the present
material correspond reasonably well with those found in Reinholt
Petersen (1978) and, further, the tendency reported in that paper
towards larger inherent differences in stressed than in unstressed
vowels is also in agreement with the present findings.

With respect to the influence from position in utterance and
stress group on the magnitude of the inherent Fo differences, the
results seem less clear. Obviously, the two factors cannot be re-
garded as mutually independent, a fact which makes the description
of the inherent Fo differences rather complex. What particularly
contributes to the complexity is the behaviour of the first post-
tonic syllable, in which the differences tend to increase through
the utterance. If that syllable had shown a behaviour similar to
that of the remaining unstressed syllables, the following descrip-
tion might have been suggested: In stressed syllables the in-
herent differences between u and o decrease through the utterance
(from about 2.5 to about 1.75 semitones), and in unstressed syl-
lables the differences between the two vowels remain constant at
approximately 1 semitone in all utterance- and stress group posi-
tions.

One explanation for the deviant behaviour of the first post-
tonic syllable may be related to the fact - which is characteristic
for that syllable and distinguishes it from all others - that in
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a stress group it constitutes the peak Fo and the termination of
the very steep Fo rise starting at the Fo minimum located in or
immediately before the preceding stressed syllable. In fig. 11
the extent of the Fo rise in a and u words is plotted as a func-
tion of the position in the utterance of the stressed syllable.
It is seen that the rise is greater in a than in u; and along
with the general reduction of the rise as a function of the posi-

tion in the utterance, the difference between a and u with re-

spect to the extent of the rise is also decreasing through the
utterance, so that the extent of the rise is almost the same in
the two vowels at the end of the utterance.

Thus, the increasing inherent Fo differences observed in
the first posttonic syllable might be explained in the following
way: At the beginning of the utterance, where Fo is high and the
extent of the rise from the stressed syllable to the first post-
tonic syllable is large, it is more difficult for u than for a
to reach the intended Fo of the first posttonic syllable. At the
end of the utterance, where Fo is lower and the extent of the rise
smaller, the two vowels differ less in their ability to reach the
intended level in the first posttonic syllable.

Whether this explanation is physiologically acceptable will
not be discussed in detail here, but if the Fo differences between
high and low vowels can be accounted for by a higher degree of
tension in the laryngeal tissues in high vowels than in low vowels
as a consequence of the tongue pull in high vowels (whether trans-
lated into a horizontal tension in the vocal cords as suggested
by Ladefoged (1964) and Lehiste (1970), or into a vertical ten-
sion as suggested by Ohala (1978)), then it might not be unreason-
able to assume that the higher degree of tension in u can reduce
the effect of the forces responsible for the Fo rise from stres-
sed to first posttonic syllable, and further, that this impeding
effect is more pronounced at the beginning of the utterance than
at the end of it.

It must be emphasized that the results presented in the
present paper are based on declarative sentences, in which the
sentence component contributes to a falling fundamental frequency
through the utterance. It will be of interest to see whether
the tendencies towards decreasing inherent differences in stres-

sed syllable and increasing differences in first posttonic syl-
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Figure 11

The Fo rise (in semitones) from the stressed to the
first posttonic syllable, as a function of the ut-
terance position of the stressed syllable.
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lable through the utterance will also be apparent in interrogative
sentences (or more correctly: syntactically unmarked questions),
which are characterized by a "flat" sentence component at a re-
latively high Fo level, i.e. whether they can be ascribed to a
"position in the utterance" effect (i.e. early/late), or a "posi-
tion on the intonation contour" effect (i.e. high/low). Data ob-
tained from such sentences might also contribute to the discussion
of the physiological explanation attempted above.

For future work on the topic dealt with in the present
paper two lines of research suggest themselves: one concentrating
upon the physiological causes of the inherent Fo variation, taking
into account the findings of the present experiment; the other
turning upon the perceptual role of the inherent Fo variation,
or, more specifically, to what extent the perceptual process em-
ploys knowledge of that variation transforming the acoustic sig-

nal into linguistic categories.
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APPENDIX

AN INVESTIGATION OF THE EFFECT OF CERTAIN CONSONANTS ON THE
FUNDAMENTAL FREQUENCY IN PRECEDING UNSTRESSED VOWELS

l. Method

The vowels u and o were combined with each of the consonants
t, k, and m in words and carrier sentences similar to those em-

ployed in the main experiment. The following sentences:

Em'erne i mu'mumu muteres
Em'erne i mu'mumu mukeres
Em'erne i mu'mumu mumeres
Em'erne i mar'marmar marteres
Em'erne i mar'marmar markeres
Em'erne i mar'marmar marmeres

were arranged together with 2 distractor sentences in 10 differ-
ent random orders in a list, which was read by one subject (NR,
the author) under conditions identical to those of the main ex-
periment. The following acoustic registrations were made: duplex
oscillogram, two intensity curves, and Fo curve. The fundamental
frequency was measured at the middle of the unstressed vowels in
the test syllables (underlined in the list above).

2. Results

The means of the Fo measures were:

1= k m
u PG 3 L1696 il oo/
Q YIZEsl- 31113 .1d)..'8

The data were submitted to a two-way analysis of variance (2
vowels x 3 consonants) which showed a significant effect of vowel
quality (F = 37.646, p < 0.01), no effect of the following con-
sonant (F = 0.126, p > 0.05), and no significant interaction

(F = 0.346, p > 0.05).
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In view of the structure of the material used in the main
experiment, the point of interest was whether there was any inter-
action between the vowels and the two consonants k and t. There-
fore the data were submitted to another two-way analysis of vari-
ance, in which only t and k were included. Thus, any interaction
could be ascribed to them alone. The results of this analysis did
not deviate essentially from the first one, and, specifically, the
interaction could not be shown to be statistically significant
(F = 0.442, p > 0.05).






